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SUMMARY

Situated in the intersection of graphic design, computer science, and pedagogy, this dissertation
investigates how programming is taught within graphic design education. The research adds to the
understanding of the process, practice, and challenges associated with introducing an audience of
visually inclined practitioners—who are often guided by instinct—to the formal and unforgiving
world of syntax, algorithms, and logic. Motivating the research is a personal desire to contribute
towards the development of bespoke contextualized syllabi specifically designed to accommodate
how graphic designers learn, understand, and use programming as an integral skill in their vocational
practice.

The initial literature review identifies a gap needing to be filled to increase both practical and
theoretical knowledge within the interdisciplinary field of computational graphic design. This gap
concerns a lack of solid, empirically based epistemological frameworks for teaching programming to
non-programmers in a visual context, partly caused by a dichotomy in traditional pedagogical
practices associated with teaching programming and graphic design, respectively. Based on this gap,
the overarching research question posed in this dissertation is: "How should programming ideally be
taught to graphic designers to account for how they learn and how they intend to integrate programming
into their vocational practice?”

A mixed methods approach using both quantitative and qualitative analyses is taken to answer the
research questions. The three papers comprising the dissertation are all built on individual
hypotheses that are subsequently used to define three specific research questions.

Paper 1 performs a quantitative mapping of contemporary, introductory programming courses
taught in design schools to establish a broader understanding of their structure and content. The
paper concludes that most courses are planned to favor programming concepts rather than graphic
design concepts. The paper’s finding can serve as a point of departure for a critical discussion among
researchers and educators regarding the integration of programming in graphic design education.

Paper 2 quantitatively assesses how the learning style profile of graphic design students compares
with that of students in technical disciplines. The paper identifies a number of significant differences
that call for a variety of pedagogic and didactic strategies to be employed by educators to effectively
teach programming to graphic designers. Based on the results, specific recommendations are given.

Paper 3 proposes a hands-on, experiential pedagogic method specifically designed to introduce
graphic design students to programming. The method relies on pre-existing commercial graphic
design specimens to contextualize programming into a domain familiar to graphic designers. The
method was tested on the target audience and observations on its use are reported. Qualitative
evaluation of student feedback suggests the method is effective and well-received.

Additionally, twenty-four heuristics that elaborate and extend the paper’s findings by interweaving
other relevant and influential sources encountered during the research project are provided.

Together, the literature review, the three papers, and the heuristics provide comprehensive and
valuable theoretical and practical insights to both researchers and educators, regarding key aspects
related to introducing programming as a creative practice in graphic design education.






RESUME

Denne afhandling er placeret i krydsfeltet mellem grafisk design, programmering og paadagogik. Den
undersgger, hvordan der undervises i programmering pa grafiske designuddannelser. Afhandlingen
bidrager til forstaelsen af de processer, praksisser og udfordringer der er forbundet med at
introducere et publikum af visuelt orienterede praktikere — som ofte er styret af instinkt og
mavefornemmelser - til en formel verden styret af syntaks, algoritmer og logik. Afhandlingen er
motiveret af et personligt anske om at bidrage til udviklingen af skreeddersyede kontekstualiserede
programmeringskurser, der er specielt designet til at imgdekomme, hvordan grafiske designere leerer,
forstar og bruger programmering som en integreret feerdighed i deres erhvervsmaessige praksis.

Den indledende litteraturoversigt identificerer en mangel pd bade praktisk og teoretisk viden
inden for det tvaerfaglige omrdde af programmeringsdrevet grafisk design. Saerligt mangler der solide
empirisk baserede epistemologiske rammer for undervisning i programmering til ikke-programmaerer i
en visuel kontekst. Ydermere mangler der viden om, hvordan dikotomien i paedagogisk praksis
forbundet med undervisning i henholdsvis programmering og grafisk design kan handteres. Baseret
pa disse mangler er afhandlingens overordnede forskningsspargsmal: "Hvordan skal grafiske designere
ideelt set undervises i programmering sa der tages hajde for, hvordan de leerer, og hvordan de har til
hensigt at integrere programmeringen i deres faglige praksis?"

Der anvendes en Mixed Method tilgang til at besvare forskningsspgrgsmal gennem kvantitative og
kvalitative analyser. Afhandlingens tre artikler er alle bygget pa individuelle hypoteser, som
efterfglgende bruges til at definere tre separate underforskningsspergsmal.

Artikel 1 beskriver en kvantitativ kortlaegning af nutidige introducerende programmeringskurser
fra designskoler, for at skabe en bredere forstdelse for deres struktur og indhold. Artiklen
konkluderer, at de fleste kurser er planlagt sa de favoriserer programmeringskoncepter frem for
grafiske designkoncepter. Artiklens resultater kan tjene som udgangspunkt for en kritisk diskussion
blandt forskere og leerere om integration af programmering i grafisk designuddannelse.

Artikel 2 vurderer kvantitativt grafiske designstuderendes laringsstilprofil sammenlignet med
leeringsstilsprofilen for studerende i mere teknisk orienterede discipliner. | artiklen identificeres en
reekke vaesentlige forskelle, der kraever fordrer brugen af anderledes padagogiske og didaktiske
strategier for effektivt at kunne undervise grafiske designere i programmering. Baseret p3
resultaterne gives en raekke specifikke anbefalinger.

Artikel 3 foreslar en praktisk erfaringsbaseret paedagogisk metode, specielt designet til at
introducere grafiske designstuderende til programmering. Metoden anvender allerede eksisterende
kommercielle grafiske designprodukter for at kontekstualisere programmering til et domane, der er
kendt for grafiske designere. Metoden er afprgvet pd malgruppen og observationer omkring dens
anvendelse rapporteres. Kvalitativ evaluering af feedback fra studerende tyder pa, at metoden er
effektiv og godt modtaget.

Derudover indeholder afhandlingen 24 heuristikker, som uddyber og udvider undersggelsens
resultater ved at inddrage andre relevante og indflydelsesrige kilder fra forskningsprojektet.

Tilsammen giver litteraturoversigten, de tre artikler samt heuristikkerne omfattende og veerdifulde
teoretiske og praktiske indsigter til bade forskere og undervisere om centrale aspekter i forbindelse
med introduktion af programmering som en kreativ praksis pa grafiske designuddannelser.
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CHAPTER 1: INTRODUCTION

In this chapter, | provide an overview of the study and describe my personal
background to explain how | approach this study. | also describe the
broader motivation behind the study, state the main thesis, and describe
the derived research questions. Lastly, | frame my research field and
describe my own position therein.

1.1 Overview

This research project is a study into how programming can be taught to graphic designers with the
aim of extending their skill set by the means of computation. The research will focus on pedagogical,
technical, and aesthetical issues as seen from the perspective of a graphic design educator trying to
establish a context for and an understanding of computation within the framework of creative, visual
practice. This is not a historical or cultural study of code, but a consideration of the complexities that
arise when teaching formal, word-based logic and numeracy skills to informal, visual, and intuitive
graphic design students. The intended audience for the research is graphic design educators who
teach, or wish to teach, computationally driven graphic design, a subset within the popularized term
Creative Coding, defined by Mitchell & Bown (2013, 143) as “a discovery-based process consisting of
exploration, iteration, and reflection, using code as a primary medium, towards a media artefact designed
for an artistic context.”

1.2 Background

My background is in graphic design and interactive design. My research has emerged from a personal
and professional interest in the use of code as a way to craft visual expressions. Instigated in the
early 1990s by my teenage experiences with programming languages such as AMOS and AmigaBASIC,
| became fascinated by the creative potential embedded in computers. During the early 2000s, | built
a professional career using programs such as Director and Flash to produce interactive multimedia
applications. When offered a position as educator at a design school 2007, | drew on my past
experience to argue that coding should be part of the students’ curriculum. By then, technological
advances, low computing costs, and a rise in code-based tools aimed specifically at visual designers
had given programming a renaissance, making my long-running love affair with code and design en
vogue and highly sought after by the industry. My approach to this research project, therefore, is that
of a formally trained graphic designer and auto-didact programmer who teaches coding in a visual
context to graphic design students in a Danish university college setting.



1.3 Motivation

In today’s techno-centric, software-driven society, code plays an increasingly important role in our
lives (Manovich 2013; Rushkoff 2010). Recently, there has been a massive focus on promoting code
literacy, ranging from small-scale private initiatives, cultural grassroot movements, mainstream media
coverage, and educational activities by institutions and organizations, to political legislation.

In the decades following the desktop revolution of the 1970s, programming as an artistic practice
was mainly exercised by small communities of autodidactic computational artists (Reichardt &
Institute of Contemporary Arts 1969), self-proclaimed “hackers” (Florin 1985; Levy 2010), and
avantgarde demosceners (Majoros, Ivan, & Matusik 2012; Carlsson 2009) who—in the style of true
craftsmen—stretched their hardware beyond its limits in extraordinary visual and audible
productions. The early 2000s saw programming move from a geeky subculture into mainstream
media as an audience of young creatives began to explore the potential of code as an artistic,
expressive medium (Manovich 2005). This renaissance of programming sparked a surge of open-
source software and user-contributed tutorials dedicated to making expressive output using code.
Today, it has never been easier for creatives to harness and utilize programming in their quest for
novel expressions. However, | have often wondered why programming has never caught on within
the graphic design community. Architecture, a closely related and also highly visuospatial domain,
has long adopted programming as a way to explore new ways of constructing buildings through
parametric, generative, and procedural computational methods (Cannaerts 2016). | can only
speculate about why graphic designers are lagging behind in their adoption of computationally
assisted formation, but the fact of the matter is that, while it is on the rise, only a few professional
graphic designers use code as an integral part of their workflow and products (Shim 2016a).

A valid question to ask at this point would be: Should designers code at all? This is a highly
debated question, and practitioners, educators, and scholars have many different views. Some argue
that graphic designers should stick to their primary vocation and leave programming to the
programmers (Cooper 2017). Some argue that graphic designers’ encounter with code is too
conceptual—because of the way they were taught higher order computational thinking skills—to be
applied in their existing domain-specific workflow (Panda 2016). Others argue that graphic designers
should be able to code their own programs as part of their ideation phase without having to enlist the
help of a trained programmer (Stinson 2017; Kolko 2012a).

| subscribe to the final viewpoint. In my Creative Coding courses, it has never been my mission to
make graphic designers fully-fledged programmers. That, | know, is never going to happen—nor
should it. By teaching graphic designers how to create visual output through the medium of code, |
hope to instill in them an understanding of how programming can be a highly versatile and useful
addendum to their skill set, not only as a practical tool, but also, in a meta-cognitive way, informing
how they think, plan, and execute visual communication. In my view, educating code-literate graphic
designers is essential for the continued development of graphic design as a discipline.

1.4 Subject field and position

This study concerns topics that exist in the intersection of graphic design as a vocational discipline,
programming as a theoretical and applied skill, and pedagogy as an instructional method to facilitate
knowledge transfer. Schematically, this can be visualized as shown in figure 1.1, with this
dissertation’s subject field located in the middle where the three research fields overlap and are
highlighted in black. Also shown in figure 1.1 is the my initial position approaching this study. As
described in section 1.2, | have a professional background in graphic design. Graphic design is the



field in which | have accumulated
theoretical and applied professional
expertise over the span of two
decades. Graphic design is also the
central axis around which all inquiries
in this study are made. Finally, graphic
design is the field to which | aim to
contribute. This is not to say that
pedagogy or programming are less
important topics. Together, they form
the trinity that constitutes my subject
field. As described in chapter 2, some
scholars and practitioners have made
contributions to my subject field;
however, many of them have done so
with a personal background in either
pedagogy or computer science. My
personal profile allows me to evaluate
the existing body of knowledge in my
subject field through the lens of a
pragmatic graphic design practitioner
and educator.

1.5 Research gap

Graphic
% Design

My position

Tacit knowledge
transferred using dominated by a few
studio-based . autodidact
practicum rsecsaeracr]ctz 2{1 graphic
pedagogy how programming designers
is effectively taught
and integrated into
graphic design
education

Emerging field

Programming

Explicit knowledge
transferred mostly
using didactic
lecture-based
pedagogy

Figure 1.1: The subject field of this dissertation (marked in black),
position of the author (marked by X) and the research fields
covered in this study (highlighted in yellow).

Technology has created unprecedented possibilities for designers to engage in digital media (Maeda
2004; Manovich 2013). Finding a way to manage the increasing complexity of technology within the
design curriculum is key to keeping design education relevant (Fleischmann 2013). While there are
other areas of research that look at associations between creative practices and computation (e.g.,
generative art, software art, digital craftsmanship, software education, digital design education, and
media computation) there is a lack of documented investigations into how expressive programming,
or Creative Coding, should be adapted and taught specifically to graphic designers to accommodate
their needs emerging from the mode d'emploi of their vocational practice. While practice-based
education and studio teaching have been studied philosophically or ethnographically (Schén 1983;
Cross 1982), the tacit and discursive learning essential to Creative Coding has yet to be
comprehensively discussed in the light of reflection on current pedagogies (Tzankova & Filimowicz
2017, 1). Finding texts that address pedagogy, curriculum, and educators’ professional development
in the richly diverse field of Creative Coding is challenging because teaching and learning are
considered to be marginal to the prevailing discourses (Tzankova & Filimowicz 2017, 2). Overall,
there is a scarcity of works that deal with the pedagogies of computational media and design from
practical and interdisciplinary perspectives (Tzankova & Filimowicz 2017, 2).

This research aims to contribute by filling this gap, providing both practical guidelines as well as a
starting point for the discussion of how programming can be successfully integrated into graphic

design curricula.



1.6 Thesis statement

To frame and guide my research, as well as state my initial position in relation to my investigation, |
have formulated the following thesis statement:

Contemporary Creative Coding courses teach programming as an artistic practice informed and
driven by technical affordances of the programming environments, leaving graphic designers
without a bespoke contextualized syllabus designed specifically to accommodate how graphic
designers learn, understand, and use programming as an integral skill in their vocational
practice.

1.7 Research questions

Based on my thesis statement, this study asks as its broad and overarching research question (RQ):

RQ: How should programming ideally be taught to graphic designers to account for
how they learn and how they intend to integrate programming into their
vocational practice?

Subdividing this question into its core constituents allows me to pose three specific research
questions (SRQs) which will be investigated in separate studies:

SRQ1: How is Creative Coding currently taught in graphic design education?

SRQ2: How should Creative Coding be taught to accommodate how graphic design
students learn?

SRQ3: How can graphic design students be motivated and supported as they are
introduced to programming?

The first specific research question aims to provide a snapshot of the current landscape of Creative
Coding courses, which establishes a foundation to inform the discussion on issues related to
pedagogic strategies and course content.

The second specific research question aims to investigate the ways in which graphic designers
learn, specifically focusing on how students use their existing domain-specific knowledge and
cognitive models (graphic design) to leverage knowledge and skill acquisition from another domain
(programming).

The third specific research question aims to investigate the consequences of contextualizing
Creative Coding assignments as a way to heighten students’ motivation and improve their attitude
towards learning to program.

Each of these are addressed individually in my papers (chapters 5-7), and are answered and
discussed together in chapter 8.

1.8 Dissertation structure

This dissertation is divided into nine chapters, each with its own specific objective:

Chapter 1 provides an overview of the study. It describes my personal background to aid in
understanding how | approach this study and explains the broader motivation behind the study. It
presents the main thesis and describes the derived research questions. Lastly, it frames my research
field and describes my own position therein.



Chapter 2 reviews the literature relevant to my subject field and discusses current knowledge,
substantive findings, and contributions in areas where graphic design, programming, and pedagogy
intersect and overlap.

Chapter 3 describes my paradigmatic position and explains its influence on this study. It then
accounts for the research design used to answer the three specific research questions. Lastly, it
suggests means for validating my results.

Chapter 4 provides an overview of my research papers and discusses their interrelationship.

Chapters 5-7 each present a research paper along with a submission history and publication state.

Chapter 8 revisits the research questions, answering each of them individually. It discusses both
theoretical and practical implications of my research and considers its limitations. Finally, it suggests
future research to be conducted.

Chapter 9 aggregates the cumulative knowledge acquired during my study and distills my findings
in a list of pragmatic and applicable heuristics.

The paper concludes with a list of figures, tables, and references along with a glossary to explain
the scientific and technical terms used within this dissertation.

1.9 Contributions

This dissertation makes five major contributions:

e It provides a comprehensive snapshot of the current structure and content of Creative
Coding courses. This knowledge can offer a point of departure for discussion and inform
the debate among design educators about how best to incorporate programming in
graphic design curriculum.

e It presents two approaches to planning Creative Coding courses: code-first versus design-
first. These perspectives are useful both in discussions among educators and for individual
educators as means to reflect on how they plan their courses.

e It givesinsightinto the learning style profile of graphic design students, specifically
related to learning programming. This knowledge can be used by design educators to tailor
their teaching material to account for how graphic design students learn.

e It suggests a pedagogic method: deconstruction/reconstruction. This method can be used as
is by design educators who teach introductory programming to graphic designers.

e |t offers a list of heuristics containing pragmatic and applicable guidelines and
recommendations for design educators who seek to improve their Creative Coding course.

If any of these contributions manages to find its way into Creative Coding classrooms in design
schools, then my work has not been in vain.






CHAPTER 2: LITERATURE REVIEW

In this chapter, | review the literature relevant to my subject field. | discuss
current knowledge, substantive findings, and contributions in the areas in
which graphic design, programming, and pedagogy intersect and overlap.

2.1 Introduction

To facilitate an understanding of the relevance, importance, and challenges associated with teaching
programming in graphic design education, | present a survey of the current literature relevant to my
research field. This helps establish the solid foundation that has informed my research design and
methodology.

As explained in section 1.4, this study situates itself in the area in which graphic design,
programming, and pedagogy overlap and intersect. These three independent and well-established
research areas each comprise a vast body of knowledge; consequently, this literature review does not
intend to provide an in-depth description of the background, prevailing theories, and methods of
each of the three. Instead, it investigates and interweaves findings from each to offer a synergetic
and holistic framework for answering the research questions.

Methodologically, this literature review is not systematic in the sense of applying a set of defining
keywords to particular databases. While such an approach might theoretically improve my study, |
doubt whether it would yield better results in practice due to the varied terminology that is used in
discussions across my three research areas. Given the objectives of my study, | conducted the review
in an organic fashion, relying on ad-hoc searches, recursive examination of citations in key
references, and suggestions from fellow scholars.

In section 2.1, | review literature situated in the field of graphic design that discusses the role, use,
and implementation of programming in the graphic design industry and graphic design education.

In section 2.2, | review literature situated in the field of computer science that discusses
programming applied in visual creative practices and research into how programming can be taught
as an informal skill to non-computer science students.

In section 2.3, | review literature situated in the field of pedagogy that discusses general
pedagogic and didactic strategies suitable for supporting students’ acquisition of knowledge in
creative, technology-driven learning environments.

2.2 Graphic design

2.2.1 What is graphic design?

Graphic design is a relatively young and difficult-to-define discipline in the context of academic
research (Hannaford 2012). The term graphic design was first coined by Dwiggins in 1922 (Dwiggins
1922; Meggs & Purvis 2006) but did not gain widespread use until the 1960s. Before then, graphic



design was known by the decidedly unacademic term of commercial art (Hannaford 2012). Today,
graphic design—also known as communication design—is defined by the industry’s leading
organization, the American Institute of Graphic Arts (AIGA), as “the art and practice of planning and
projecting ideas and experiences with visual and textual content. The form it takes can be physical or
virtual and can include images, words, or graphics.” (AIGA 2017). It encompasses a large and diverse
range of media and forms of communication; for example, visual identities, posters, advertisements,
packaging, book design, newspaper design, wayfinding, illustration, information graphics, data
visualizations, motion graphics, interactive graphics, web design, and app design (AIGA 2017).

Historically, graphic design was a manual trade learned by apprenticeship and carried out by hand
in a physical world using specialized analog and mechanical equipment (Jury 2012; Levit 2016).
Throughout history, designers have always implemented systems and logic in their work. Examples
include Albrecht Direr’s Underweysung der Messung mit dem Zirckel und Richtscheyt (1525), the
Architype series by Doesburg and Albers (1920s), New Alphabet by Crouwel (1967), Gerstner's
Programme entwerfen (1964) and Kompendium fiir Alphabeten: Systematik der Schrift (1972), Miiller-
Brockmann’s Raster systeme fiir die visuelle Gestaltung (1981), and Programmiertes Gestalten (1980) by
Kapitzki. Despite their highly systemic nature, these examples were all manually executed. However,
in the 1970s, technological advances in production techniques provided graphic designers with
access to sophisticated electronic systems capable of automating the tedious and time-consuming
tasks of the past. Pioneers began to explore the potential of digital technology in graphic design
production, with Knuth's TEX and METAFONT (1979) leading an inquiry regarding the impact of
automation in graphic designers’ systems (Shim 2016a).

2.2.2 The advent of computers in graphic design

Early use of computers by graphic designers dates back to the mid-1960s (Faison 1995, 145), but the
major breakthrough of computers in the graphic design industry occurred two decades later in the
1980s (Faison 1995; Maeda 2002; Dubberly 1990; King 1988; Meggs & Purvis 2006) and heralded a
paradigm shift from analog to digital production. Optimistic graphic designers praised the computer
as a major revolution in graphic arts (Heller 2002; Dubberly 1990; Maeda 1999). Less enthusiastic
graphic designers simply embraced it as another tool on their workbench (Blauvelt 2011, 23),
unaware of how it would soon eliminate the work of production artists, photomechanical technicians,
keyliners, paste-up artists, typesetters, color separators, and printers (Blauvelt 2011, 23). Skeptical
graphic designers, however, feared, rejected, and decried digital technology during its infancy (Faison
1995) and called designers who did explore it “the new primitives” (Meggs & Purvis 2006, 490). They
feared it would detract from creativity and depersonalize the work. As acclaimed graphic designer
Paul Rand once famously remarked: "They [computers] are just like pencils; nothing special.”

Known as “The Desktop Publishing Revolution” (Tucker 1988), computers quickly rendered
previous physical techniques obsolete and indicated a shift toward software as the dominant tool for
graphic design production, thereby simultaneously altering both the process and aesthetics of
graphic design (Richardson 2010, 46; Heller & Womack 2007, 17). This transition of epistemology in
the graphic design process saw tangible materials give way to virtual metamaterials (Manovich 2013)
with properties and attributes that escaped any physical limitations. As designers began to explore
these metamaterials, new creative possibilities emerged. An example thereof is Beowulf (1990) by
Blokland & Rossum, which used consciously manipulated PostScript code to create a dynamic, ever-
changing font.

In the mid-1980s, most graphic designers did not possess the necessary technical skills required
to explore the affordances of the digital medium. However, another group of people did. Considered



a sub-culture back then, hackers, nerds, and demosceners (Florin 1985; Carlsson 2009) saw computers
as creative machines and challenged themselves to push the limited hardware to its boundaries.
Using code as their material, they created digital artifacts with a previously unseen and distinct digital
aesthetic that would soon make its way into popular culture and play a key role in defining the
aesthetics of the decade. Foreseen by Dubberly (1990), and following the rise of the Internetin the
mid-1990s, graphic designers began experimenting with HTML, Shockwave, Flash, and Java applets
(Pearson 2011; Watz 2010). Maeda saw computers as a new material for expression (Maeda 1999,
101), and in 1999, in an effort to make digital technologies available to design students, he
developed Design By Numbers (DBN) (Maeda 1999, 2004), a simplified environment to explore
programming in a visual context. In 2001, Fry, Reas, & Maeda (2007) evolved DBN into a more
versatile and extensible framework, changing its name to Processing in the process. DBN and
Processing paved the way for a multitude of new programming platforms aimed at designers and
artists (Lehni & Puckey 2011). By the turn of the millennium, programming had become trendy
(Manovich 2005, 3), and tools developed for technical use were gaining cachet in the digital arts
(Maeda 2002). As computers continued to evolve to form the core of graphic design processes,
design tools such as code editors and prototyping applications adopted a mode of processing known
as “if-then,” or conditional, logic (i.e,, if this happens, then do that). For example, Blauvelt coined the
term if-then approach (Blauvelt 2008) to define this particular design approach, and he argued that
this process, mostly used by programmers, could also be beneficial to graphic designers.

Traditionally, graphic design had clear directions and a defined purpose (Davis 1998), but the
advent of digital media fostered a range of new tools, skills, and disciplines (e.g., interactive design,
media computation, and interface design), which, in turn, forced researchers, educators, and
practitioners to engage in a fundamental renegotiation of what comprised graphic design as a
discipline. However, amidst the turmoil caused by the paradigmatic changes, Meggs and Purvis
(2006) argued that the essence of graphic design, namely that of conveying messages though visual
means, remained unchanged.

2.2.3 The role of the post-computer graphic designer

Acknowledging the rapid shift towards digital production, graphic designers were forced to reflect on
how they would exercise their practice and how it affected their role as creators (Richardson 2006).
Following an investigation of how graphic design practitioners tackled the transition from analog to
digital production, Faison (1995) suggested fourteen new possible roles for graphic designers.
Interestingly, given the context of this dissertation, Faison did not discuss programming as an activity
to be undertaken by graphic designers. Later, representing those skeptical of computers, Kelly (2002)
admitted that computers were changing the definition and role of the graphic designer, but he
believed the nature of that change was still unclear. Unlike Kelly, Maeda (2002) saw a clear
distinction between the pre-computer designer and the post-computer designer. Maeda was
confident that designers would come to appreciate the computer’s unique role in the future of arts
and design (1999, 13), later arguing that “any designer that has not adapted to the computer is either
lying or out of work” (Maeda 2002). As time progressed, it became evident that graphic design would
increasingly rely on computers, made possible by cheap, accessible, and powerful hardware and
software. Hard-learned skills that once took years to master became available to everyone—including
non-designers—at the click of a mouse button. This democratization of graphic design practice was
criticized by Fleischmann (2013, 7), who believed it would blur the boundaries between amateur and
professional practice and promote amateurism. This view was shared by Tober (2017, 109), who
maintained that graphic designers should capitalize on the possibilities of new forms of practice;



otherwise, non-designers would do so and create work that society recognized and accepted as
design (2017, 109).

2.2.4 Graphic designers as users of software

The prevailing discourse regarding graphic designers’ use of technology has tended to stigmatize
them as users of software in the shape of applications provided to them by commercial entities.
Maeda (1999, 19) strongly objected to pre-packaged software and argued that the computer industry
was misleading people to mistake software skills for design skills. Several other scholars and
practitioners also criticized the inherent boundaries of the commercial (Mittendorp 2000; Ward 2001;
Blokland cited in Hoxsey 2003; Mateas 2005; Terzidis 2009). Watz (2003) expressed the view “that
designers have become dependent on software [...] forcing the designer to adapt her work to the decisions
and metaphors chosen by the programmer.” This was further problematized by Lehni (2008), who
accused Adobe’s monopoly in the graphic design software market to cause a lack diversity and
alternatives. Lehni & Puckey (2011) observed that predominant software applications exerted a
strong influence on the aesthetics of the products and that graphic designers rarely questioned their
role.

2.2.5 Teaching software packages in graphic design education

Graphic design education has always taught the tools used in the industry. As analog tools became
digital tools, design schools consequently began teaching software packages. Early on, critics raised
concerns about the potentially negative impact of teaching software packages in graphic design
curriculum (Maeda 1999, 2002; Kelly 2001). Continuing to teach software packages, Tober (2012b)
warned, would only help to perpetuate the unfortunate belief that these applications were
considered design. However, abandoning all commercial software has never been considered an
option, as they offer many advantages. Instead, several scholars (Maeda 2002; Pettiway 2012; Tober
2017; Lehni & Puckey 2011; Watz 2003) have seen programming as a solution to relinquish more
control over computer systems for graphic design practice. Establishing symbiotic relationships
between industry-standard tools and programming through exploration of scripting capabilities
would allow graphic designers to forge their own tools and use them in their existing workflow (Lehni
& Puckey 2011). Also, by adding programming to the graphic design curriculum, to supplement—not
replace—commercial software, design schools would fulfill Maeda's early vision of “a future in which
designers are free to author their own software [...] [making it] possible for designers to define the trends
today rather than wait for the industry to define the terms of an evolving expression” (Maeda 2002, 41).
Digital design continues to move from software to programming as a new kind of practice
(Richardson 2010). Technical proficiency is now to be measured in terms of a graphic designer’s level
of fluency in a variety of code-based technologies because mastery of various industry-standard
software applications is now presumed of any designer (Tober 2012b).

2.2.6 Should graphic designers learn to code?

A fundamental and much debated topic is whether designers should learn to code. Early on, several
scholars (Ursyn et al. 1997; Young 2001; Andersen et al. 2003) addressed the issue, all arriving at the
conclusion that art students would benefit from acquiring basic programming skills. Maeda (2002)
also argued that coding was an essential and valuable skill for graphic designers to learn and
advocated that the best way to do so was by directly engaging with it. Weiman (2001) and Zee
(2001), however, believed that a conceptual understanding of code was sufficient. Those who
opposed code and digital technology in general were many pre-computer era design educators,



perhaps most famously Rand (cited in Kroeger 2013), who believed it to be the realm of engineers
and computer scientists. Today, the debate goes on, with scholars and practitioners making
arguments for and against why graphic designers should learn to code.

In favor teaching code to graphic designers is Fallman (2017) who believes that rudimentary
coding skills are key for any graphic designer in the digital space. Maeda (2018) sees coding as a
fundamental skill to be learned by what he refers to as a new breed of "computational designers.”
Kolko (2012a) has suggested the metaphor of “code as material” and argues that in order for graphic
designers to master it, they must experience it. Madsen (2015) has identified several reasons why
designers should learn to code, including the ability to question assumptions brought about by
existing design tools, and maintains that they should be able to build new tools to replace them. A
final proponent for code in the graphic design curriculum is Shim (2016a, 2016b); however, he
believes that instead of learning the syntax of code, focus should be placed on learning to build logic
with code.

Arguing against coding as a skill to be learnt by graphic designers is Cooper (2017), who believes
that code/design as a cross-disciplinary exercise serves no purpose. Instead, he argues for a strict
distinction between disciplines. Also skeptical, but less dismissive, is Atwood (2012), who has posited
that learning to code can be rationalized only if it helps one to perform his job better.

Accepting Atwood's view and suggesting that coding is in fact helping graphic designers perform
their job better is Tober (2012b), who claims that coding has become a competency with significant
value for design in both professional practice and education. However, the most compelling
argument in favor of teaching programming to graphic designers originates from students
themselves. Inspired by the growing surge of graphic design products made entirely from using code,
more graphic design students request courses that teach them how to incorporate code in their work.
When students express an interest in exploring code, it would be unwise of design schools to deny
them this. Given the possibilities today, students would simply satiate their appetite for code
somewhere else, most likely without graphic design educators to help them contextualize and relate
coding to graphic design.

Regardless of one's position in the debate, the fact is that graphic designers are increasingly
engaging in informal end-user programming activities, leading them to reconsider their own role by
asking “are we designers or developers?”(Johansson 2007). This blurring of the lines of professional
practice, caused by the convergence of graphic design and computer science (Reed & Davies 2006),
has prompted many scholars and practitioners to contemplate the possible need for new terms such
as “designoper,” "devigner,” “unicorns,” “designicorns,” “hybrid designer,” "computational designers,”
or "meta-designers.” The muddled terminology and the ensuing inability to unambiguously describe
their professional role illustrates the deficient self-understanding and identity crisis associated with
being a designer who also codes.

2.2.7 Integrating programming in graphic design education

Following programming’s surge of popularity in the design community at the turn of the millennium
(section 2.2.2), programming gradually gained a foothold in graphic design education as a creative
practice. Over time, several scholars and educators have argued strongly in favor of programming to
be included in the graphic design curriculum (Dubberly 1990; Maeda 2002; Pettiway 2012; Wasco
2008; Amiri 2011; Lehni & Puckey 2011; Tober 2017). Young (2001, 64) posited the argument that
programming would enable designers to “conceive new categories of solutions and provide the
technical ability to realize them.” Reas (quoted in Hoxsey 2003) argued that teaching designers
programming would allow them to develop a deeper understanding of code and software, which, in



turn, would encourage a unique use of the computer medium. Similarly, Watz (2003), discussing
computational design, regarded programming as a way to provide designers with a new literacy in
digital media, which he believed to be mandatory to fully explore the possibilities of electronic
media. Sharing this view was Pettiway (2012), who posited that addressing the relationship between
graphic design and programming was paramount to encouraging designers to push the boundaries of
practice and theory. He has been joined in this view by Tober (2017), who has advocated a
comprehensive integration of code both in the foundation of and throughout a design curriculum,
and by Amiri (2011), who has warned that excluding programming from the graphic design curriculum
will restrict the generation of creative ideas as well as the students’ options in translating, expressing,
and converting their ideas into artifacts.

Generally, the literature agrees that technology and programming should be introduced in graphic
design education and considers it to be long overdue, causing design education to be largely stuck in
the past and out of date, with only a few innovative institutions to spearhead initiatives toward
integrating programming into the curriculum (Fleischmann 2013). Despite the many advocates,
involving students in programming activities as part of their studio-based practice is still a rare
occurrence (Knochel & Patton 2015), and explicit focus on the development of technical skills
remains taboo in many design programs (Tober 2012b). If design students are fortunate enough to be
exposed to programming at all, it is usually in the form of an ancillary elective course that serves only
as a basic introduction (Tober 2012b). The reason for this, Pettiway (2012) has conjectured, is that
graphic design education is at large perplexed, misguided, and constantly challenged as it tries to
maneuver programming into the curriculum and balance “a proportion of technology instruction to
problem-solving, visual studies, and theoretical issues.”

Introducing graphic design students to programming comes with its own set of challenges that
must be circumvented by understanding and accounting for the domain-specific context. This
requires adapting both instructional material and teaching style to fit the graphic designers’ actual
needs and their learning style preferences. As noted by Young as early as 2001, "programming is not
something that can be tacked on to an existing education® (Young 2001, 64). Furthermore, it is
important to acknowledge that not all graphic designers feelinclined or able to learn programming.
Scott & Ursyn (2006) have claimed that students undertaking a design degree tend to be better in
either design or IT. This creates a gap between designers who are literate in code and those who are
not (Lehni & Puckey 2011), which has led Freyermuth (2016) to suggest that it must be left to
students to decide how much coding they need.

The main challenge is defining a role for programming in the curriculum and striking a balance
between technical and design skills (Amiri 2011). Amiri commented on this balance, asking that
design educators “find new ways of using and embedding technology in [the] curricula so that it is more
in harmony with art and design culture and its traditional creative practices” (2011, 208). Endorsing this
pursuit are Freyermuth (2016) and Madsen (2016), who have simultaneously warned that the long-
established fundamentals of the discipline should be maintained while understanding the changes
and needs of the discipline as it evolves in a new era.

2.2.8 Keep it a design education, not a computer science education

Kelly (2002) has likened the advent of computers in graphic design to the dilemma faced by the
Victorians: a sudden decrease of constraints with a corresponding increase in options because of new
technology. Kelly has also cautioned graphic designers not to become seduced by the technology like
the Victorians and disregard the “language of graphic design” (Poulin 2011) that has been
established and refined over centuries. Having observed the ease by which intricate and complex



designs can be effortlessly created using computers, Kelly (2001, 152) argued that “complexity should
not be confused with quality” and cautioned students to exercise restraint to avoid creating "visual
gibberish and a hodge-podge of elements.” Similarly, specifically addressing the medium of code,
Madsen (2016) has asked his graphic design students to honor the legacy of the trade and refrain
from “smudging the canvas with a repetition algorithm”and “placing a bunch of stuff randomly across
your canvas.” In his programming course, Madsen (2016) has interwoven traditional graphic design
virtues with computational principles while maintaining a fundamental design perspective. Another
programming course by Bakse (2018) has also stayed true to established design tradition while
simultaneously exploring a range of new design approaches made possible only through
computation. Heller & Womack (2007, 12) have claimed that technology has so thoroughly altered
the way designers now practice that it is as necessary to be a technologist as it is to be an artist. In
that respect, both Madsen and Bakse have backgrounds in formal design training and several years of
programming experience, making them well-suited to teach programming to design students while
maintaining a design perspective. While Heller & Womack have claimed that the increasing focus on
technology in design education has tossed the traditional definitions of graphic design and beauty
aside (2007, 17), Kelly, on the other hand, has argued that good judgment in making design decisions
grows out of visual values or principles, which have not changed, only the technology that gives them
form (Kelly 2001).

The literature widely agrees that including computation and programming in the graphic design
curriculum is a prudent decision that is long overdue. As more design schools do so, it is important
that they keep their programming courses anchored in and related to the graphic design domain
(Amiri 2011, 207). Amiri (2011) has noticed a fundamental difference between teaching programming
to computer science students and to design students and has likened the difference to that of
teaching a foreign language to a linguist and to a tourist. Unlike courses in computing education,
learning to program in graphic design education is not a goal in itself; rather, it serves as a means to
achieve a higher purpose, namely that of crafting visual communication.

2.2.9 Design educators who can program

Successful integration of programming in the graphic design curriculum requires educators with a
profound practical and theoretical experience in the field of graphic design; however, they must also
possess an understanding of digital media and programming. Arguments for art and design educators
to investigate computers and programming appear in the design education literature around the late
1980s (Ettinger 1988; Dubberly 1990; Hausman 1991), with many contributions to literature made
since, most recently and notably by Tzankova & Filomowicz (2017). In 2002, Maeda described how
“design schools today employ an entire generation of disillusioned pre-computer design educators who
feel increasingly irrelevant [and] post-computer design educators [who] are scrambling to stay current
with tools and systems that are born to evolve on an hourly basis” (2002, 40), confirming similar
previous observations made by McCoy (1998, 11). As true now as it was in 2002, only a few art and
design educators have demonstrated expertise in programming (Knochel & Patton 2015, 22). They
have many other demands on their time, making it hard for them to muster the commitment, effort,
and consistent hands-on practice writing code that is required to keep up with new programming
trends, techniques, and languages (Freyermuth 2016). Nevertheless, the assimilation of computers in
graphic design education is increasingly making coding literacy mandatory for design educators.
Some design schools have sought to circumvent the shortage of code-literate design educators by
hiring computer science educators to teach Creative Coding courses. This setup, however, has caused
students to complain that their educators did not understand design (Pannafino 2013), effectively



highlighting the quintessential problem of outsourcing programming courses to non-design
educators.

2.2.10 Impact of programming on the evolution of the graphic design discipline

The graphic design education literature largely agrees that programming is a natural addendum to the
contemporary graphic design curriculum and that students should acquire at least a basic level of
computational literacy by engaging in informal, hands-on programming. Hence, it seems appropriate
to investigate how programming and computation is believed to affect the evolution of the graphic
design discipline.

According to Terzidis (2009), the increased use, misuse, and abuse of computational design has
raised concerns about the future direction that design may take. While some have regarded
programming and computation as a misappropriation of what design should be, Terzidis considered it
a liberation which would hopefully foster a “new generation of truly code literate creative designers
who can take fate into their own hands” (Terzidis 2009, xx). Likewise, Madsen (2015) has envisioned
new generations of what he refers to as meta-designers, designers working in the intersection
between art, design, and computation, to whom programming is a natural tool. Similarly, Tober (2017)
has regarded meta-designing as a shift back to a designer’s engagement with production, stating that
"meta-design involves the transformation of the role of the designer from one in which s/he is primarily
concerned with the design of individual artifacts to one where s/he also creates or develops new tools,
systems, and methods for design” (2017, 96). Tober has also described the computational graphic
design process as a mega-process that encompasses both meta-process and a meta-meta-process to
describe the relationship between the designer, user, code, and visual output (2011, 12-14).

A recurring theme in the discussion of how programming will affect the graphic design trade is the
making of custom design tools as an alternative and opposition to the industry-standard, commercial
software packages (Womack & Lehni 2006; Richardson 2016). This can be seen as a digital re-
emergence of the previous analog craftmanship associated with the discipline (Richardson 2006,
2010).

Learning to program will also enable graphic designers to use algorithms to create flexible
systems, a process that is concentrated on iterative formation with parameters instead of a fixed end
form. According to Shim (2016a), this resonates with the inherent systemic nature of graphic design
(see section 2.2.1) and presents a change in viewpoint from form to formation. However, compared to
the "mechanical” and formalistic design systems of the pre-computer era, modern computational
graphic design systems can include a wide range of sophisticated and advanced technologies and
processes (e.g. artificial intelligence, neural networks, machine learning, autonomous generative
systems) whose use raises new questions of authorship, ownership, originality, and creativity
(Galanter 2009; McCormack et al. 2014).

Programming has already brought about a new, distinctly "computational” visual style—New
Aesthetic (Bridle 2012)—which is struggling to mature and establish itself as a solid genre. Though
not denying its rightful presence in modern graphic design, Sterling (20123, 2012b) voiced a critique
of New Aesthetic for being immature, prompting Watz et al. (2012) to respond by arguing that New
Aesthetic was already an integrated part of society. In a recent evolution of the New Aesthetic genre,
graphic designers are now using Web browsers as a tool for creating designs, with the inherent
technical affordances directly influencing the visual aesthetic (Benoit 2017).

New breeds of code-savvy graphic designers will emerge too. In his sarcastic piece, "Everyone
Hates Creative Coders,” Pearson (2013) pointed to the fact that the established business model has a
hard time fitting creative coders into its existing practice and workflow. But the graphic design



industry is rapidly adapting, spurred on by the benefit to workflow, creativity, productivity, and
products made possible through programming and computation. Indeed, as Maeda (2018) concludes,
code-literate designers are in high demand.

2.3 Programming
2.3.1 Learning to program is difficult

Learning to program is notoriously difficult. Teaching programming to novices has been—and
continues to be—a big challenge (Bennedsen 2008). Repenning (2017), reflecting on twenty years of
teaching programming, observed that many students consider programming to be “hard and boring,”
a view contributing to frequent high dropout rates in introductory programming courses
(Matthiasdottir & Geirsson 2011). Still, programming is not innate but a learned skill that anyone can
acquire and improve with practice (Brown & Wilson 2018). In fact, the belief that some people are
born programmers and others are not has been referred to by Guzdial (2015) as “"computing’s most
enduring and damaging myth.” Repenning (2017) has argued that addressing the “hard” part s a
cognitive challenge requiring programming to become more accessible, while addressing the
"boring” part is an affective challenge requiring programming to become more exciting.

Traditionally, computing education has tended to favor formal learning environments (Dorn &
Guzdial 2006). This approach, according to Vihavainen, Paksula, & Luukkainen (2011), assumes most
introductory programming courses to be taught using lectures structured according to language
constructs, take-home assignments, and perhaps also demo-sessions. Over time, several instructional
strategies (e.g., problem-based learning, minimalist instruction, extreme apprenticeship, pair
programming) have been employed and tested in attempts to improve computer science students’
learning outcomes and course retention. The pedagogy and instructional strategies of computing
education are discussed in more detail in section 2.4. Despite the many approaches taken, the
literature suggests that there is still no consensus on how programming is ideally taught. Moreover,
because computing as a general topic is no longer exclusive to the domain of computer science
(Amiri 2011), instructional strategies for teaching programming must be developed within the
individual disciplines to account for the disciplinary context, typical use cases, and the learning style
profile of the target audience.

2.3.2 New breeds of programmers require new pedagogical approaches

Despite Andersen et al. (2003) having demonstrated a need to modify the traditional computer
science method, computer science educators have largely been hesitant to modify their pedagogical
approaches, perhaps too fettered by the mathematical and engineering legacy of the discipline
(Greenberg, Kumar, & Xu 2012). However, over the course of the past decade, computer science has
increasingly adopted pedagogical models and instructional strategies developed for teaching
programming in design schools in an attempt to make introductory programming courses more
engaging (Xu, Wolz, & Greenberg 2018). This collaboration between computer science and graphic
design educators was considered imperative by Reed & Davis (2006, 186) to ensure that each
discipline learned from the other and was prepared for future developments. Amiri (2011) has argued
further that teaching programming to graphic designers must abandon the engineering model of
software construction in favor of approaches that recognize the unique characteristics of digital
design and the malleable nature of interactive artifacts. In this respect, it can be helpful to consider
the activity of programming in relation to traditional artistic activities such as writing or painting.
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2.3.3 Programming as “sketching,” “sculpting,” “bricolaging,” and “hacking”
Over time, several computer science and design scholars have discussed programming using
vocabularies, perspectives, and metaphors originating from artistic practice.

Blum (1996) introduced a “sculpting” metaphor, in which programs take form by departing from
initial sketches that are then deviated from until the artifact is considered finished, rather than
faithfully adhering to an original plan. Similarly, Andersen et al. (2003) likened artistic programming
practice to that of the writer who moves phrases around and the painter who constantly repositions
and re-paints, a technique known in linguistics as commutation. Also drawing parallels to painting,
Graham (2004) maintained that creative programming, which he deliberately called “hacking” to
distinguish it from standard programming, should be viewed and practiced using “[...] a language that
lets us scribble and smudge and smear” (2004, 22). Graham (2004) chose the term “sketching” for his
preferred style of programming to emphasize the process of “figuring out the program” as it is being
written, thereby extending Blum’s "sculpting” metaphor. Coincidentally, the popular programming
environment Processing (Fry, Reas, & Maeda 2007) also refers to projects as “sketches” to purposely
incite authors to adopt a whimsical and artistic style of programming.

McLean & Wiggins (2008), extending Turkle & Papert's (1990, 136) notion of bricolage
programming, discussed the relationship between artists, their creative process, their program, and
their artistic works through the analogy of a painter. In their model, McLean & Wiggins (2008)
described bricolage programming as a creative feedback loop in which concepts are encoded as
algorithms, which in turn produces output that is observed and evaluated by the artist-programmer,
prompting him to adjust the initial concept and begin another cycle. Such a curious and explorative
approach to programming closely resembles the natural modus operandi of graphic designers and
stands in stark contrast to an engineering approach to programming, in which carefully planned,
meticulously controlled, and mutually agreed specifications are imperative.

Non-programmers' laissez-faire relationship to programming is further reflected in the way they
refer to their activities. Verbs like “hack,” "bodge,” “tinker,” and “"dabble” are frequently used to
describe their working process, which also involves scavenging, foraging, copying, pasting, welding,
and piecing together snippets of code from other sources.

2.3.4 Teaching programming to graphic design students

During the past two decades, it has become widely recognized that a variety of majors have need of
computing skills, but a variety of approaches to programming is lacking. In response to this disparity,
many computer science educators designed course materials and interventions to encourage non-
STEM students to take computer science courses. Andersen et al. (2003, 109) observed that “teaching
introductory programming to non-computer-science students and in particular to multimedia students
with a liberal arts background is a big challenge [...]” Owing to the nature of their trade and its
associated pedagogy, Andersen et al. (2003, 109) characterized liberal arts students as “more inclined
to ‘open-ended topics’ in which analysis, discussion and interpretation are core competencies, and are
less inclined to take interest in ‘closed, absolute topics’ like math and programming.”

Although programming may not be of primary interest to them, liberal arts students (Andersen et
al. 2003) often possess a number of qualifications that can be useful when learning programming; for
example, their evolved visual spatial thinking aptitude (Sutton & Williams 2010) positively influences
their ability to learn programming (Webb 1985; Jones & Burnett 2008). Dorn & Guzdial (2006, 132)
examined a group of graphic designers who engaged in end-user programming and concluded that
this group of designers could likely benefit from some aspects of the formal teaching of
programming. This view was shared by Pannafino (2013) and Reed & Davies (2006, 183). In this



respect, the 2007 Model Curriculum for a Liberal Arts Degree in Computer Science (Liberal Arts
Computer Science Consortium 2007) can provide a comprehensive foundation to aid graphic design
educators as they seek to integrate programming in their teaching. Also, Montfort (2016, 279-282)
has provided brief outlines of generic syllabi for use with programming courses taught within the arts
and humanities.

As discussed in section 2.2.7, the literature widely agrees that programming is a natural and much-
needed addendum to the contemporary graphic design curriculum. However, for students across all
disciplines, the prospect of having to learn to program can trigger negative emotions and cause fear
and anxiety (Byrne & Lyons 2001; Rado3evi¢, Orehovacki, & Lovrenci¢ 2009; Connolly, Murphy, &
Moore 2009; Nolan & Bergin 2016).

2.3.5 Challenges associated with teaching programming to graphic designers

Educators who set out to teach programming to graphic designers will face several challenges.

First of all, to graphic designers, programming is a threshold concept (Cousin 2006). Meyer & Land
(2003) considered threshold concepts “akin to a portal, opening up a new and previously inaccessible
way of thinking about something.” Grasping a threshold concept becomes a transformative experience
involving an ontological as well as a conceptual shift (Smith, Young, & Raeside-Elliot 2015, 1563);
when a graphic design student who programs starts to think like a programmer, he will transition from
studying programming to becoming a working programmer able to see the interrelatedness of graphic
design and programming that were hitherto hidden from his view (Cousin 2006, 4). Heddy & Pugh
(2015) argued that facilitating such big transformative learning experiences is innately difficult;
therefore, they alternatively proposed small transformative experiences that are more manageable
and achievable.

Next, the mere thought of being taught programming can demotivate many graphic design
students (Andersen et al. 2003) and cause their comfort levels to drop drastically (Freyermuth 2016).
Pettiway (2012) reported that graphic designers tend to focus on the inadequacy of their
programming rather than trying to understand the salient issues that govern how and why
programming interfaces with graphic design. As a way to remedy the students’ reluctance, Freyermuth
(2016) argued that coding must be incorporated into more coursework throughout the graphic design
curriculum to provide students with frequent opportunities to practice their programming skills.

Another major challenge relates to graphic designers’ general aversion toward math. Pearson
(2011) recounted his experience of how novice artist-programmers became frustrated when the need
for trigonometry was required to create even simple animations. According to Andersen et al. (2003),
the majority of graphic designers lack mathematical qualifications, are scared of math, and typically
have had very bad school experiences in that subject. Similarly, Tober (2014) has stated that “creative
students perceive themselves at a disadvantage because they feel they often lack mathematical
understanding and numeracy skills.” Ironically, Peppler & Kafai (2005) observed that when
programming is integrated into design curricula, programming projects tend to focus precisely on
mathematical and science content. This focus on logical structures and mathematical principles,
Knochel & Patton (2015, 26) have conjectured, stems from the historical origin of programming in the
fields of mathematics and engineering. However, as programming increasingly transgresses
disciplinary borders, it becomes necessary to approach the task of teaching introductory
programming to non-STEM students in a new and (to computer science) untraditional way (Andersen
et al. 2003) that focuses less on math as a distinct topic.

Learning the intricate syntax of conventional text-based programming languages was perceived by
Pettiway (2012) to be a major barrier to graphic design students, who feel more comfortable working



in spatial rather than text-heavy environments (Panda 2016) and think in terms of logically connected
workflows (Watz in Pearson 2011). This might suggest that a visual programming language (VPL; also
referred to as “node-based” or “dataflow” programming), in which programs are constructed by
manipulating elements graphically rather than textually, are ideal for teaching programming to
graphic designers. Recently, an increasing number of VPLs aimed at visual artists and designers have
emerged (e.g., QuartzComposer, TouchDesigner, NodeBox, PraxisLIVE, vvvv, Max, Vuo) as
complementary choices to the predominant textual programming languages (TPL) used in Creative
Coding (e.g., Processing, p5.js, openFrameworks, Cinder, paper js, three.js). While the efficiency of
VPLs is highly debated (Leitdo & Santos 2011; Panda 2016; Hjorth 2017; Iskrenovic-Momcilovic
2017), the main criticisms pertain to their inability to help users build a skillset that can be
transferred to other programming environments and paradigms and their inability to be extended
through new components without ultimately requiring the user to revert to TPLs. Those in favor of
TPLs include Leitdo & Santos (2011, 556), who have claimed that “modern TPLs with user-friendly IDEs
can be much easier to program and understand than the older ones, and they can surpass recent VPLs,
especially in complex tasks.” Despite not dispensing with the need for learning syntax, the steeper
learning curve when it comes to TPLs provides good return on the investment. Unfortunately, as
noted by Leitdo & Santos (2011), most TPLs lack domain-specific primitives, which significantly
delays the scripting process. Shim (2016a), however, has argued in favor of destressing the emphasis
on learning syntax and stressing the focus on teaching graphic designers meta-skills to enable them
to build design systems using logic and code. Shim’s idea aligns with the popularized notion of
computational thinking, which is discussed in section 2.3.7.

2.3.6 What kind of programming should graphic designers be taught?

With educators, scholars, researchers, and professional practitioners all largely agreeing that graphic
designers will benefit from learning programming, it is appropriate to ask what kind of programming
they should be taught.

Several studies (Dorn & Guzdial 2006; Dorn, Tew, & Guzdial 2007) found that graphic designers
were already taking part in significant programming activities despite having little to no formal
training in programming. Nardi (1993) labelled these participants as end-user programmers,
characterizing them as “individuals [who are] making use of a class of applications that incorporate
features like textual scripting, high-level declarative specification, programming by example, and
automation or customization via wizards” (Nardi 1993). Dorn & Guzdial (2006) argued that end-users
would eventually have more and more sophisticated needs and would outgrow the standard
affordances of their tools so that learning to program would become a natural progression. However,
Maeda (2002) did not believe the solution lay in artists or designers pursuing degrees in computer
science. Like Maeda, Denning (2004, 20), advocated the necessity of connecting programming
abstractions to domain specific actions, remarking that “there is little joy in worlds of pure abstractions
devoid of action.” Amiri (2011) has argued that this is particularly true in the case of end-users who
are graphic designers, for they see programming as a pragmatic and utilitarian tool allowing them to
create their often exploratory, experimental, and artistic artifacts. Graphic designers are not
interested in the intricacies of a programming language for its own sake (Amiri 2011; Tober 2013).

The literature has different views on what kind of programming should be taught to students in
non-computer science disciplines. In their comprehensive review of introductory programming
courses, Pears et al. (2007) identified three different foci of teaching programming: the language and
its syntax, problem solving, and the full cycle of system production (i.e., identifying a problem,
analyzing the requirements, and solving the problem). Reading the literature through these foci



reveals a general consensus among researchers and educators that the latter two are most important
when teaching programming in a design context; herein lies a fundamental difference between
teaching programming to computer science students and graphic design students. Using the analogy
of teaching a foreign language to linguists or tourists, Amiri (2011, 205) explained: “The tourist needs
the language to be able to communicate with people and explore the new environment and to get by. The
linguist needs to understand the syntax, semantics and pragmatics of the language even if he or she
never needs to communicate with a native speaker of that language.” Extending this view, Guzdial
(2015a) argued that it suffices students outside computer science to learn a small core of
programming skills that will teach them enough computational thinking (see section 2.3.7) to help
them design tools in their own domains. Graphic designers do not need to develop the competencies
of professional software developers to make something useful.

According to Schneider (1978, 110), choosing a programming language suitable for use in
education “should be based on two critical and apparently opposing criteria: richness and simplicity -
rich in those constructs needed for introducing fundamental concepts in computer programming [yet]
simple enough to be presented and grasped in a one semester course.” Interpreting Schneider’s view
using the notion of “low threshold, high ceiling, and wide walls” (M. Resnick et al. 2005), it can be
argued that effective tools (programming languages) must make it easy for novices to get started (low
threshold), make it possible for experts to make sophisticated projects (high ceiling), and support and
suggest a wide range of explorations (wide walls). One tool that fits within this description and is
frequently mentioned in both graphic design and computer science literature is Processing (Fry, Reas,
& Maeda 2007), a Java-based textual programming language popular among artists, designers, and
architects and used widely throughout professional industries and education. Nevertheless,
discussing specific languages to teach is irrelevant: programming languages come and go. However,
despite their syntactic variations, they share an overarching set of fundamental computing principles.
A study of 12 computing textbooks by Tew & Guzdial (Tew & Guzdial 2010) identified 29 computing
constructs that are common across introductory courses. While these constructs can be taught to
computer science students using an abstract language-agnostic approach, graphic designers—qua
their preference for relatable, concrete, and utilitarian examples (see section 2.3.6)—will rely on a
specific programming language to make tangible software objects to help them understand the
computing constructs in relation to their native domain.

Briefly returning to the aforementioned three foci identified by Pears et al. (2007), it is clear that
while a focus on language and syntax is less important, it cannot be disregarded when teaching
programming to graphic designers. However, greater emphasis should be placed on the remaining
two foci: problem solving and system production. For this purpose, computational thinking (see
section 2.3.7) and contextualization (see section 2.3.8) can be helpful.

2.3.7 Computational thinking

Computational thinking (CT) has been a hallmark of computer science since the 1950s (Denning
2017, 33), making frequent appearances in debates on learning sciences and instructional
technology. Most notably, scientist and educational theorist Papert discussed the term in his
influential book Mindstorms (Papert 1980). Mateas (2005) considered CT (referring to it as
“procedural literacy”) as a core part of the curriculum for new media practitioners. However, the most
recent movement promoting CT began with an essay by Wing (2006), in which she promoted CT as a
way to solve problems, design systems, and understand human behavior by drawing on concepts
fundamental to computer science. Later, Wing, Cuny, & Snyder (2010) defined CT as an algorithmic
problem-solving method “represented in a form that can be effectively carried out by an information-



processing agent.” Despite her many contributions towards solidifying CT, Wing (2006, 2008; 2010;
2014) has been criticized for offering a vague and confusing definition of the term (Denning 2017),
leaving teachers and education researchers without a consistent definition of what CT encompasses
and how development of CT skills can be assessed (Brennan & Resnick 2012).

Seeking to alleviate the confusion surrounding CT, Denning (2017) offered two perspectives:
traditional CT and new CT. Importantly, the kind of traditional CT taught in computer science is not the
same as new CT, which should be taught in graphic design education. Explaining the difference using
a paraphrased version of Hemmendinger's (2010, 6) view on CT, Denning's intention was not for
graphic designers to think like computer scientists, but for them to understand and use computation
to solve their problems, to create, and to discover new questions that can be fruitfully explored. To
this end, new CT has been shown capable of offering syntactic, semantic, and pragmatic support for
overcoming the cognitive challenges of learning programming (Repenning 2017).

Spreading to fields beyond computer science, CT has also resonated with several scholars situated
in the field of graphic design. Among these are Knochel & Patton (2015), who have advocated for CT
to be viewed as an urgent need within art and design education. Sharing this view is Pettiway (2012),
who has maintained that CT can provide a gateway for combining practice-oriented and principles-
oriented learning in a graphic design context and has described CT as an essential elementin an
effective curriculum model that intertwines programming as a foundational component of graphic
design education. Mishra & Yadav (2013) even claimed that CT (when coupled with a solid
understanding of a given domain) can augment human creativity, in particular through automation of
problem-solving and algorithmic thinking. Generally, researchers and scholars consider CT, applied as
a practice methodology within graphic design education, the key to understanding computation as
system and logic for creative processes. However, in practice, CT is rarely found as part of a graphic
design curriculum.

Repenning (2017), after evaluating experiences from courses employing CT, concluded that
teaching programming does not automatically lead to students developing CT skills; thus, he has
continued to suggest that CT must be taught explicitly as a separate topic using an appropriate
contextual setting.

2.3.8 Contextualizing programming courses

Contextualization of programming courses is much debated among computer science researchers.
Lukkarinen & Sorva (2016, 51) defined a contextualized computing course as “one in which one or
more application domains provide the motivation for learning Computer Science content and inspire the
design of learning activities; these domains may be, and often are, external to Computer Science itself.”
Forte & Guzdial (2005) argued that tailored computing courses aimed at non-computer science
students can offer a more motivating and engaging context for the learning of programming, which
can lead to an increase in the students’ motivation and engagement and help reduce their anxiety
and negative perceptions of programming. Similarly, Andersen et al. (2003) suggested that by “talking
to students in a language they know [and] choose a metaphor already known to them, we could be
halfway [to teaching them programming].” Another study by Dorn & Guzdial (2006), specifically
involving graphic designers, has also suggested that computer science educators should consider
new contextualizations of programming courses to match the settings in which end-user
programming takes place. From the perspective of a design educator, Pettiway (2012) has agreed that
such contextualized courses could help decrease the barriers between abstract programming
knowledge and practical application by providing a more relational and transformative approach.
However, Guzdial (2010) warned that students who learn programming within a context might over-



specialize that knowledge (e.g., see a for loop only as a tool to step through an array of pixels). While
this is problematic for computer science students, who must obtain a context-independent
understanding of computing concepts, graphic design students contrarily aim to use programming in
one highly specific context. Indeed, Guzdial (2010) has argued that contextualized approaches are
fine for students who will only use computating within a single domain.

Contextualized approaches to introducing students to computer science have gained momentum
and recognition in recent years. Specifically, Media Computation has successfully used (audio)visual
contexts to teach programming to computer science students (Guzdial 2003, 2009; Greenberg,
Kumar, & Xu 2012; Xu et al. 2016; Dodgson & Chalmers 2017; Xu, Wolz, & Greenberg 2018). Maxwell
& Taylor (2017) have reported that while these contextualized approaches do not affect the students’
learning outcomes, they have a positive influence on the students’ engagement. While not denying
their effectiveness in making computing fun and relevant, Kay & Road (2011) have encouraged
educators to discuss whether contextualization is simply bait used to lure students into computer
science studies.

2.4 Pedagogy

2.4.1 Pedagogy in graphic design education

Traditionally, the discipline of graphic design (earlier referred to as commercial art) was a trade
passed on and learned by apprenticeship (see section 2.2.1). In the early 1800s, studio training
emerged as a teaching tradition at Ecole des Beaux-Arts in France (Shaffer 2007). This training
involved open-ended projects with structured critiques and led to a public showing and evaluation of
work. Later, as dedicated graphic design education emerged, studio training became the preferred
instructional setting. Initially, this involved educators passing on their knowledge through didactic
lectures and demonstrations, after which students would be given the same assignment to complete
while being supervised by their instructor. Later, the Bauhaus teaching structure, developed by
Walter Gropius in the early 1920s, introduced an unprecedented type of course that encouraged
students to produce creative designs based on their own subjective perceptions (Wick 2000). The
unifying pedagogy of the Bauhaus posited artist-teachers as those who used their artistic discipline to
inform educational issues (Daichendt 2010). Fusing art, technology, and pedagogy, Bauhaus became
an influential landmark in the history of modern art and design education (Daichendt 2010). Bauhaus
professor Moholo-Nagy later went on to introduce the teaching model in the US and initiated a close
relationship with the local graphic design industry, thereby establishing a tradition of strong ties
between design schools and design industry, which has been upheld ever since. Today, graphic
design education remains heavily influenced by professional practice, and this leads to classroom
activities being designed to resemble the industry’s nature and situational context (Logan 2006).

A paradigmatic change in graphic design education came about with the advent of computers. As
the graphic design trade increasingly relied on computers, obtaining an understanding of digital
technology became an absolute necessity for graphic design students. Having traditionally relied on
gut-feeling, intuition, and a trained eye, graphic design education suddenly had to adapt its teaching
to fit the absolute, logical, and "mechanical” nature of digital media. As mentioned in section 2.2.3,
initially, early critics among design educators did not consider computers a pedagogic tool (Faison
1995). Undeterred, however, other educators embraced computers and began to explore their
pedagogic potential and concomitant challenges, resulting in the formation of new learning theories.

Currently, design pedagogy at large is in a state of flux as it struggles to respond to constant
technological and societal changes (Hardman 2017). Hardman, while embracing the new design



paradigm, has also concluded that it holds the potential to render traditional design pedagogical
virtues superfluous unless educators remain vigilant.

2.4.2 Pedagogy in Computer Science education

When computer science began to form as a separate academic discipline in the 1950s, education had
to start from scratch, designing curricula, training staff, writing textbooks, even constructing mental
models for thinking about computing (Tedre, Malmi, & Malmi 2018). The initial courses were highly
theoretical, drawing mainly on mathematics and electrical engineering (Tedre, Malmi, & Malmi 2018).
These courses established a tradition of teaching computing through a passive lecture style with
limited interaction in practical sessions (Felder & Brent 2005; Van Der Post 2010). Typically, students
would attend a few short lectures and practical sessions per week, completing homework in their
own time, supported only by their own notes and textbooks.

In the early 1970s, computing saw a shift from mathematically-oriented discipline to a more
diverse discipline that began to emphasize hands-on work, programming, and applications. Educators
in liberal arts colleges proposed alternative computing curricula better suited for their own purposes.
These curricula explored new pedagogical strategies and teaching activities that were anchored in a
more pragmatic, experiential, and explorative approach to computing. A major push towards a radical
shift in computing pedagogy came in Papert’s (1980) book Mindstorms (discussed further in section
2.4.5). Recently, computing education has also focused on teaching problem-solving strategies and
processes to avoid fixed-problem statements (Tedre, Malmi, & Malmi 2018), with many courses
deploying Wing's (2006) idea of computational thinking (see section 2.3.7) using various pedagogic-
didactic measures.

Over time, many pedagogic theories, methods, and strategies have been used to teach
programming, including cognitive apprenticeship (Collins, Brown, & Newman 1989), extreme
apprenticeship (Vihavainen, Paksula, & Luukkainen 2011), problem-based learning (Stevenson 2001;
Fee & Holland-Minkley 2010; Nuutila, Tormd, & Malmi 2005), pair programming (Williams et al. 2000;
Nagappan et al. 2003), and peer-instruction (Mazur 1997; Simon et al. 2010); however, the literature
reveals a lack of consensus on which methods are the most effective for teaching programming—
likely because there is no “silver bullet” answer.

Noteworthy, considering the scope of this dissertation, a number of computer science educators
have recently attempted to integrate art and graphic design into their existing curricula (e.g.,
Greenberg, Kumar, & Xu 2012; Xu, Wolz, & Greenberg 2018). In particular, the branch of computer
science known as Media Computation (Guzdial 2003; Forte & Guzdial 2004), has abandoned
programming courses that favor properties such as predictability, robustness, and correctness in
pursuit of courses focused on making products that are understandable, entertaining, aesthetically
satisfying, educational, and provocative. These courses are increasingly taught using a pedagogical
technique known as studio-based learning (SBL) (Carter & Hundhausen 2011), which is discussed
further in section 2.4.7.

2.4.3 Educational Paradigms

Mass schooling in the early industrial society relied on didactic teaching as its educational paradigm
(Kalantzis & Cope 2010, 202). Prominent features were classrooms with desks in rows, a blackboard
at the front, textbooks, recitation, memorization, rote learning, and with all students doing the same
work and moving ahead at the same pace. Later, the educational paradigm changed in favor of
authentic education (Kalantzis & Cope 2010, 202). This emphasized experiential learning; group
dialogue; students expressing their own opinions and points of view; use of images/diagrams/visual



representations to supplement written text; educators acting as learning facilitators; and
individualized, self-paced learning. As Kalantzis & Cope (2010, 202) have argued, we have now
entered yet another educational paradigm, namely that of transformative learning (Mezirow 1991,
1997). There is no longer any need for classes to be collocated; students collaborate using networked
computers, whether at home, at school, or at relevant locations in the field. Also, it entails a balance
of knowledge processes: experiential, conceptual, analytical, and applied. The educator has become a
designer and manager of learning. Learning has become contextualized, and student differences are
catered for through flexible teaching approaches that utilize the complexities and richness of digital
media. Willis (2007) has encapsulated the gist of transformative learning in a speculative pedagogic
model, centered around algorithms, that suggests viewing courses as databases with multiple points
of entry, abandoning formal learning outcomes to allow for unexpected outcomes, moving beyond
the acquisition of information to an enhancement of the ability to learn, and the deployment of
expertise using a network as metaphor.

According to Kolko (2012b), design studio training (see section 2.4.1) is an exemplary model for
how transformative learning theory is used to allow experiential learning to occur. He has argued that
in a design studio, knowledge is produced, not disseminated, through projects that involve a constant
cycle of constrained making and guided reflection. This recasts the educator from the role of lecturer
to facilitator (Kalantzis & Cope 2010, 205), that is, to one who “[...] has had a certain quality of creative
experience who can anticipate, during the knowledge-generation process, where various patterns,
methods, approaches, or techniques will be most effective” (Kolko 2012b, 82). Kolko believed that
design studio teaching was an effective way of facilitating transformative learning, by letting
“students have an experience, and [...] [control] the majority of that experience. This means they have
approached the learning from within their own frame, a place of comfort. And then, in an emotionally
safe environment, they have been nudged outside of their own frame into a place of discomfort” (Kolko
2012b, 83).

2.4.4 Learning styles and teaching styles

Students have different attitudes about and aptitudes for learning, as well as different ways they
respond to specific teaching environments and activities (Felder & Brent 2005). Similarly, educators
have different approaches and methods of teaching. These are referred to as learning styles and
teaching styles, respectively. For many years, educators believed that the same instructional method
could be used to teach all students (Capretz 2002). Later, researchers (Capretz 2002; Felder & Brent
2005) argued that effective teaching and learning could be achieved if educators adapted their
teaching style to match the preferred learning style of their students; however, the notion and
usefulness of learning styles is not accepted by all researchers (Felder & Brent 2005; Willingham,
Hughes, & Dobolyi 2015). Nevertheless, studies have shown consistent differences in students’
results in accordance with their assessed learning style (Felder & Brent 2005). Regardless of the
ongoing debate on the raison d'etre of learning styles, there is an acceptance of learning styles as
useful mechanisms to facilitate a metacognitive process among students by helping them reflect on
and become aware of how they acquire knowledge.

Coffield et al. (2004) identified more than 70 models for analyzing and understanding different
learning styles. The most prominent models found within the literature examined in this dissertation
are:

e Myers-Briggs Type Indicator (MBTI) (Briggs-Myers et al. 1998),
o Kolb's Experiential Learning Cycle and Learning Style Inventory (LS/) (Kolb 1984),



e Felder-Silverman Learning Style Model (FSLSM) (Felder & Silverman 1988) and Felder-
Soloman Index of Learning Styles (/LS) (Felder & Soloman 1997),

e Honey and Mumford's Learning Styles Questionnaire (LSQ) (Honey & Mumford 2000),

e VARK Learning Style Inventory and Questionnaire (VARK) (Fleming & Mills 1992).

Each learning style model has its own specific theoretical foundations and usually classifies
students using a number of scales, based on their responses in a questionnaire. By administering a
learning style questionnaire to his class, an educator can obtain a profile of the students and adapt
his teaching style accordingly. To this avail, most learning style models provide intrinsically linked
educator guidelines. The literature further reveals that both graphic design educators and computer
science educators alike make use of prescriptive instructional design models to help plan and
structure their teaching activities, for example, ADDIE (Allen 2006), ARCS (Keller 2010), and 4MAT (B.
McCarthy 1990).

2.4.5 Constructionism as learning theory

Learning and teaching styles must be applied within the larger context of a learning theory. One
particular learning theory, constructionism, was developed in the late 1960s by Seymour Papert, who
was pioneering investigations of technology-supported pedagogy using the programming language
LOGO to teach children math through programming the movements of a robotic turtle (Papert 1971,
1980). However, thereafter, the use of tools for teaching programming to children remained broadly
uninvestigated until the availability of visual programming languages (Lye & Koh 2014). Still, as an
attestation of its pedagogical efficiency, LOGO remains in use today (Anderson 2018; Caspersen &
Christensen 2000). Papert's early work informed Harel & Papert’s influential theory of
constructionism (1991), derived from Piaget's constructivist epistemology, which theorized that
children learn by assimilating new knowledge into their existing mental schema (Knochel & Patton
2015, 25). Constructionism is about playing with programmable objects as material and assimilating
the activities into the students’ mental schema while they are also learning how to accommodate the
rules of the programming language to make the code work. In particular, constructionist learning
theory lets students use their pre-existing knowledge to acquire new knowledge in a different
domain through hands-on, playful exploration. Papert, summarizing this approach, explained: “First,
relate what is new and to be learned to something you already know. Second, take what is new and make
it your own: Make something with it, play with it, build with it” (Papert 1980, 120).

Overall, constructionist learning theory appears to be particularly well suited to help bridge the
gap between abstract programming concepts and the action-driven, experiential way designers
acquire new knowledge. In section 3.3.2, the origins and philosophy of constructionism is described
further.

2.4.6 Practicum pedagogy

Traditionally, graphic design has been a trade learned by practice, not by analyzing and studying its
theoretical concepts. Accordingly, teaching graphic design has fostered an abundance of pedagogical
approaches, most of which are based on experiential learning, hands-on experiences, and
experimentation activities. Schén (1987), referring to this as practicum pedagogy, concluded that it
was a significant factor in the development of design competence; yet, he still critiqued practicum
pedagogy as valuing the “tacit theories” of practitioners over formal theories and models, thus
keeping knowledge “sealed” (i.e., tacit, implicit, and inaccessible).



Schon (1983, 1987), extending the work of Dewey (1933), argued that practice can be improved
through contemplative reflection. To this end, Schén proposed the temporally linked concepts of
reflection-on-action (looking back on an accomplished task to review the actions, thoughts, and
products), and reflection-in-action (reflecting while in the act of carrying out a task). Later, Killion and
Todnem (1991) added a third concept of reflection-for-action (reviewing what has been accomplished
to form constructive guidelines for similar future tasks). Schon’s thoughts on reflective practice have
been hugely influential—almost canonical—in the way they have been applied in graphic design
education and continue to inspire the development of new frameworks for reflective practice (Bain et
al. 1999; Grushka, McLeod, & Reynolds 2005; Liston & Zeichner 2013). Particularly within the design
studio teaching tradition, plenary reflection-on-action frequently occurs in the shape of various forms
of critique (crit) sessions facilitated by the educator (Hokanson 2012; Lawson 2004; Stolterman
2008). Such sessions provide a rich opportunity for students to critically reflect on their own work by
comparing and contrasting it to the work of their peers.

While Schén's anti-positivist and anti—technical rationality views resonate well with graphic
design educators, computer science educators have questioned the relevance and usefulness of
Schoén's reflective scheme and its ensuing design education as suitable instructional strategy in non-
design education (Caceres 2017, 35-36). A reason for this was pointed out by George (2002), who
observed that the act of reflecting differs depending on the underlying nature of knowledge for that
particular discipline. A study by Chng (2018) on reflective practice in computing classes in STEM
education has revealed the use of several other reflection models (Gibbs 1998; Johns 1995; Fekete
et al. 2000; George 2002; Humphrey 2000; Bender & Vredevoogd 2006; Zarestky & Bangerth 2014).

In sum, the literature indicates a dichotomy between models used for reflection in design
education versus reflection in programming education. Navigating this space is Montfort (2016), who
has ultimately stressed that practicum pedagogy and its associated models for reflection must be
employed when teaching programming to students within the arts and humanities.

2.4.7 Convergence: Teaching computing in a design studio environment

Briefly mentioned in sections 2.4.1 and 2.4.3, studio teaching, with its emphasis on practicum
pedagogy and reflective practice, has long been the preferred instructional setting in graphic design
education. Considering it a central educational device, Shaffer (2007) described the studio as a
coherent learning system in which pedagogical processes and theoretical perspectives come
together to create an effective learning environment. Each student is encouraged to explore his
individual ideas, internalize the fundamental of the design discipline, and develop a unique approach
to design practice (Van Der Post 2010, 66).

In his closing address for the CHI 1990 conference, Winograd (1990) advocated the use of the
studio teaching model in computer science. Early attempts to restructure software development
courses to use a studio teaching model are recounted by Tomayko (1991), who observed that “the
core courses and prerequisites are adequate for teaching the tools of design, reuse, and management, but
the more creative aspects are best taught in a studio environment” (1991, 301). Interestingly,
considering the scope of this dissertation, Tomayko (1991) also observed that “many software
engineering and computer science instructors (and their students!) fear the artistic nature of their work.”
As computer science increasingly sought to adopt the studio teaching model, differences between
the prevalent educational paradigms became evident, leading Reimer & Douglas (2003, 195) to
conclude that "studio teaching is radically different from the usual computer science instruction of
lecture/lab/discussion.” Similarly, Van Der Post (2010), comparing studio and computing teaching



methods, concluded that several differences exist pertaining to structure, pedagogy, epistemology,
and the educator’s role.

Following an adaptation phase, studio-based learning (SBL) has recently become increasingly
popular in computer science education (Carter & Hundhausen 2011), in which it is used to
reinvigorate a computing curriculum and give students exposure to industry practice. Still, lectures
continue to be the prevalent teaching method, whereas SBL is used mainly to reinforce the material
presented in the lectures.

Graphic design education, on the other hand, faces a key challenge in finding a natural way to
embed programming into the curriculum that is compatible with the existing studio teaching model.
Currently, the dominant paradigm for teaching programming in design schools is based on conceptual
models of programming lifted from software engineering (Amiri 2011, 204). According to Van Der
Post (2010), this engineering bias, coupled with design educators’ insufficient technical knowledge
and skills, causes programming courses to be planned with a disproportionate focus on technology. In
response, Tzankova & Filimowicz (2017) and Tober (2014) have both addressed an urgent need for
developing and maturing the pedagogy, curriculum, and educators’ professional development in the
interdisciplinary field of computation and creative making.

2.4.8 Developing pedagogic strategies to teach programming to graphic designers

Almost two decades ago, Carmen (2000, 71) opposed the increasing focus on teaching software
packages in design education (see sections 2.2.4 and 2.2.5) by arguing that “unless educators take a
lead in developing appropriate pedagogies for these new electronic media and forms of communication,
corporate experts will be the ones to determine how people will learn, what they learn, and what
constitutes literacy.” Taking a lead though, particularly in developing programming courses, proved
hard for design educators, who lacked both technical skills and applied know-how (Maeda 2002).
Despite many calls from scholars, researchers, and educators to evolve pedagogic strategies to teach
programming in graphic design education (see section 2.2.7), very little happened. Three years later,
Peppler & Kafai (2005) saw no signs of design education evolving to reflect how programming were
used by professional artists and designers. Pettiway (2012), discouraged by the ongoing lack of
models for introducing programming in graphic design pedagogy, made a plea for design educators
to devise an effective curriculum model that intertwines programming as a foundational component
of graphic design education. Recently, however, as more design schools have begun to offer
programming courses, the development of tailor-made pedagogic strategies has gained momentum.

The literature describes several attempts at developing custom pedagogic strategies to scaffold
liberal art students’ journey into programming, including computer-independent activities such as
theatre and role-playing (Maeda 2009), paper and cardboard prototypes (Maeda 2009; Artut 2017),
workbooks (Maurer et al. 2013), board games (Drake & Sung 2011), and robots (Xu, Blank, & Kumar
2008). While such strategies can successfully capture students’ attention and aid their construction
of mental models of computing principles, at some point, graphic design students must engage with
programming through hands-on exercises to fully understand the properties of code as a creative
material. Thus, pedagogical strategies that directly involve code as an element of the teaching must
also be considered. According to Tober (2012b, 382-383), such strategies should also be devised to
support students outside class, allow for different skill levels through differentiated learning, and
make any instructional material available for repeated viewing.



2.4.9 New technology = new teaching methods

When devising pedagogic strategies, educators must consider the new teaching methods made
possible by technology.

Blended learning was defined by Friesen (2012, 1) as "[...] the range of possibilities presented by
combining Internet and digital media with established classroom forms that require the physical co-
presence of teacher and students.” Four discrete models of blended learning exist, spanning a
continuum from traditional, tech-free classrooms to online-only learning (Philadelphia Education
Research Consortium 2014). Studies report positive experiences of using blended learning in design
education (Bender & Vredevoogd 2006; Kim 2016; Warburton 2017; Fleischmann 2018).

Flipped classroom (Abeysekera & Dawson 2015) is a type of blended learning that delivers
instructional content online outside the classroom and focuses on traditional homework activities in
class. Pioneering work by Lage, Platt, & Treglia (2000) investigated what they referred to as “the
inverted classroom.” Their work was later extended by other scholars who subsequently renamed the
concept as “flipped classroom.” It caught widespread public attention around 2011, but despite its
growing popularity, flipped classroom is still generally under-evaluated, under-theorized, and under-
researched (Abeysekera & Dawson 2015). Yet, a crucial point can be drawn from the existing,
available research: Amresh et al. (2013) have concluded that the flipped classroom is a more
effective pedagogy than passive lectures. A testimony to this view are the empirical observations on
the effects of flipping an introductory programming class recounted by Shiffman (2018), who found
himself able to devote more time to helping, supporting, and preparing students for the next classes.

The topic of digital textbooks (also referred to as hypertextbooks, e-textbooks, or e-texts) in the
literature is not new. Early definitions by Brewer (1998) and Ross & Grinder (2002) saw the medium
of text as the core enriched by multimedial assets and interactive learning visualizations to support
meaning making. Today, nearly two decades later, an abundance of digital textbooks of many
different levels of pedagogical, technological, and aesthetical sophistication are available to
students. The crux of the matter, however, is their amount of interactivity. Studies (Rockinson-Szapkiw
et al. 2013; Nichols 2016; Walsh 2016) have revealed no significant difference to learner
comprehension if they read from printed materials or screens. Other studies (Stoop, Kreutzer, & Kircz
2013; Ericson, Guzdial, & Morrison 2015) have implied that digital textbooks containing interactive
elements can increase student performance and enhance cognitive and affective learning.
Programming lends itself particularly well to being taught using digital media, and, within the scope
of this dissertation, Shiffman’s interactive digital textbook, The Nature of Code (Shiffman 2012),
provides a prime example of how interactive, code-based examples can be integrated in a visual
context to aid comprehension. However, as suggested by Gu et al. (2015), many aspects related to
designing, developing, and teaching using digital textbooks still require in-depth study.

Lastly, when discussing technology-based teaching, the recent rise of Massive Open Online
Courses (MOOCs) must be addressed. Kaplan & Haenlein (2016, 441) defined a MOOC as “an open-
access online course that allows for unlimited (massive) participation.” MOOCs use traditional course
materials, such as short, pre-recorded lectures and selected texts, exercises, and assignments, as well
as interactive elements such as quizzes, tests, polls, demonstrations, and editable worked examples.
Forums are used to facilitate community interaction and peer-assessment among students. MOOCs
represent a plausible, though unresolved, online teaching model that challenges many long-held
beliefs of learning and teaching (McNamara 2015). While seemingly allowing for low-cost learning at
scale, several shortcomings of using MOOCs in formal computer science education have been
identified and described by Ericson, Guzdial, & Morrison (2015, 170). Yet, Falker et al. (2016),
accounting for a MOOC-based, introductory programming course specifically designed for a media



computation context, concluded that learning design approaches can be successfully transferred to
the massive, online scale. Likewise, McNamara (2015) saw great potential in the use of MOOCs in
design education, and he has projected that teaching approaches and efficiencies seen in MOOCs will
be incorporated into existing teaching processes as a replacement for certain aspects of face-to-face
teaching. Finally, reflecting back on their MOOC Creative Coding (FutureLearn 2014), Guglielmetti &
McCormack (2017) have asserted that the most promising aspect of MOOCs is through the social
learning they enable, despite the low-bandwidth dialogue of online forums.

In sum, graphic design educators will be challenged, perhaps to their dismay, to adapt existing
pedagogical strategies to fit a new techno-centric and rapidly changing, transformative educational
paradigm, which threatens to erode the prevailing studio-based, face-to-face practicum pedagogy
known today.



CHAPTER 3: METHODOLOGY

In this chapter, | describe my paradigmatic position and explain its
influence on this study. | then account for the research design used to
answer my three research questions. Lastly, | suggest a means of validating
my results.

3.1 Introduction

The objective of this study has been to investigate how programming should ideally be taught to
graphic designers to account for how they learn and how they intend to integrate programming into
their vocational practice. From the thesis statement (section 1.6), three specific research questions
were identified (section 1.7). To ensure the research questions were aligned and worked together to
address the overarching research question of this study, a good research design had to be developed.
Let me begin by discussing how | perceived the relationship between my research activities and my
practice-based background.

3.2 Mitigating viewpoint ambiguity
My background in the field of graphic design (section 1.2) inevitably informed and influenced the
initial choice of topic for my investigation. Instinctively, | was inclined to approach my research by
assuming the familiar role of a designer who applies a designerly, problem-framing and problem-
solving mindset to pragmatically improve a process (teaching programming to graphic designers)
through the design of a product (instructional design). However, to aid my research, | sought to
provide an answer to my research question through a structured scientific investigation based on
theoretical and empirical studies of existing practices. This required me to also assume the role of
researcher and adopt a scholarly mindset. Bluntly making a distinction between these two roles,
Nelson (2013, 4) claimed that “designers work by synthesizing ideas within real-world situations that
involve creating artifacts and managing environments, while scientists think analytically within an
abstract, symbolic world.” | did not, however, intend to choose one role over the other. Instead, | chose
to let the inherent methodologies of each role inform how | conducted my research. | saw great
strength in qualifying the method best suited for a particular purpose as a result of a dialectic
dialogue between the methods used in either design or science. This view is supported by Faste and
Faste (2012), who argued that both “scientific left” research practice and “designerly right” design
processes can benefit from a wider perspective (2012, 4). They also maintained that designers tend
to use a variety of research methods when pragmatically appropriate, some rigorously scientific and
others less so (2012, 4).

Assuming the simultaneous roles of designer and researcher inevitably caused ambiguity in my
personal viewpoint, ultimately causing me to ponder whether design was a form of research, or



research a form of design—a question that has been asked by other researchers (Nelson 2013; Faste
& Faste 2012). Specifically, Nelson (2013, 3) has asked:

Do instructional designers use scientific principles and contribute to the development of theory
as they engineer instructional products intended to produce learning by students? Or, do
instructional designers employ ‘designerly thinking’ to solve ‘wicked problems’that can't be
approached using scientific thinking, yet produce the same kind of products and learning
outcomes for students?

The answer to this question, of course, is not a simple binary “either/or”; rather, it creates a fuzzy
"both/and” state between each of the statements. | considered this a further validation of my choice
of approaching my study with both a designerly and scientific mindset, knowledge set, skillset, and
toolset.

| chose to mitigate the ambiguity of my viewpoint by embracing them all. Was | a researcher
investigating how programming is introduced in graphic design education? Was | a graphic designer
doing research on programming education? Was | an educator designing research-based guidelines
for teaching programming? Truth is, | was all of these. Simultaneously.

3.3 Paradigmatic position

Encasing my composite viewpoint, however, was my personal stance. Heavily influenced by my
background as a trained practitioner with a long professional career working in the graphic design
industry, | had—knowingly and unknowingly—come to adopt a pragmatic approach in my way of life.
Designers in the graphic design industry see a constant demand by clients, art directors, and project
managers to deliver a steady stream of tangible and billable artifacts. Working under the trammels of
strict deadlines, project specifications, and technical and economical limitations inevitably requires
any graphic designer to develop a pragmatic approach to his work, constantly having to balance
questions like "what is doable within the given time frame?” "what materials are at my disposal?” and
"what do | assume will work best?”

Given that | reckoned myself unable to abolish or suppress my inherent pragmatic world view and
designerly, problem-framing and problem-solving way of thinking, choosing pragmatism as my
paradigmatic position for this study seemed straightforward. However, when | transitioned from
practicing to teaching graphic design, my new role as educator required me to supplement my
disciplinary knowledge with pedagogical methods in order to transfer my knowledge to my students.
| became aware of constructionism, a branch of constructivism, which also shares many traits with
pragmatism. | knew from personal experience, that the ideas and methods of constructionist learning
theory were useful and efficient for teaching graphic design students, and | therefore chose to
supplement my mainly pragmatist position with constructionism. The difference between pragmatism
and constructionism is in the epistemology (i.e., the philosophical assumptions as to what constitutes
knowledge). Constructionism aims to build understanding and meaning, whereas pragmatism aims to
find solutions and solve problems. Below, | will briefly outline the ideas associated with pragmatism
and constructivism.

3.3.1 Pragmatism

The philosophical tradition of pragmatism was introduced around the late 1870s by James, Dewey,
and Peirce (Biesta & Burbules 2003). As a research paradigm, modern pragmatism advocates the use



of a mixed methods research, “sidesteps the contentious issues of truth and reality” (Feilzer 2010, 8),
and “focuses instead on ‘what works’ as the truth regarding the research questions under investigation”
(Tashakkori & Teddlie 2010, 713). Pragmatists believe the purpose of knowledge is to improve
existence through action. This calls for knowledge that points to a better and possible world and
useful ways to reach this improved state (Goldkuhl 2011). According to Goldkuhl (2011), essential
traits of design research can best be justified within the epistemological foundations of pragmatism:

e 3 focus on utility, usefulness, and contribution to practice;

e knowledge development through building and intervention;

e problematic situations as a starting and driving point for inquiry and design;

e asearch for whatis possible and desirable;

e going beyond description, and aiming for prospective, normative, and prescriptive knowledge.

The utility of pragmatism is that it aims to find middle ground between philosophical dogmatisms
(Johnson & Onwuegbuzie 2004). Pragmatism offers researchers the freedom to choose the best
methods to answer research questions at hand and advocates a balance between subjectivity and
objectivity throughout the research (Shannon-Baker 2016). Traditionally, there have been strong
intellectual and conceptual affiliations between graphic design and pragmatism (Moszkowicz 2013).
Furthermore, Dewey is widely recognized as an influential educational reformer who employed the
pragmatic approach in his work. His major writing on aesthetics, “Art as Experience” (1934), is
considered seminal reading by many design school programs. As such, pragmatism has strong ties to
both graphic design and education, two of the research areas of this study.

3.3.2 Constructionism

Constructionism is a prevalent learning theory that has its basis in Piaget's and Vygotsky's
constructivist learning theories (Papert 1980; Ackermann 2001) and is connected with the modern
theory of experiential learning developed by Kolb (1984). Constructionism grew out of a set of
innovative educational research projects performed in the 1960s and 1970s at the MIT Media
Laboratory by Papert, Resnick, and Ackermann (Kafai & Resnick 1996). The projects were meant to
illustrate how computational technologies can transform the concepts of learning, education, and
knowledge. Papert subsequently devoted his career to developing and promoting constructionism. In
1980, he published his seminal book Mindstorms: Children, Computers, and Powerful Ideas (Papert
1980). Papert has also been a proponent of bringing technology to classrooms, introducing the
programming language LOGO (Papert 1980)—along with a robotic turtle—as a way to teach
mathematics to children. While constructionism has been used primarily to teach science and math,
its origin in media studies also makes it suitable for students who simultaneously engage with media
theory and a complementary praxis.

The guiding principle in constructionism is in accordance with the basic constructivist
assumptions, namely, that learners must actively construct and reconstruct knowledge based on their
own experiences. Constructionism advocates student-centered, discovery learning where students
use information they already know to acquire more knowledge. Further, constructionism holds that
learning can happen especially felicitously when people are active in making tangible objects in the
real world that enable discussion, examination, probing, and admiration (Kafai & Resnick 1996;
Papert 1993). Despite it often being described as "learning-by-making,” Papert & Harel (1991, 1)
maintain that constructionism should be considered “much richer and more multifaceted, and very
much deeper in its implications [...]”



Constructionism, and its associated learning theories, naturally sits well with graphic design
students as it prescribes the making of tangible, shareable objects as a means of acquiring
knowledge across domains. Specifically, within the scope of this study, constructionism’s cross-
domain bridging ability has been particularly useful and influential in my work towards an improved
instructional design for Creative Coding courses in graphic design education.

3.4 Type of research

Next, with the intent of qualifying methods for my study, | sought to determine the kind of research |
was about to conduct, as each type of research suggests a range of methodological approaches to be
used. To do this, | used the typology of research in the creative arts and design proposed by Brown,
Gough, & Roddis (2004). The authors list four types of research: scholarly research, pure research,
developmental research, and applied research. An adapted version of the authors’ table listing each
type and their mutual differences is shown in table 3.1.

Correlating the nature of my research questions (discussed in detail in section 3.5) with the
research types defined by Brown, Gough, & Roddis (2004) suggested that | would be undertaking
both developmental and applied research; my research questions described a specific problem
(teach programming) to be solved within a specific context (graphic design students), seeking to
improve existing processes (instructional design) through a systematical testing of hypotheses. In
addition, aligning with my pragmatist, designerly stance, the impetus motivating this study was to test
relevantissues (developmental) to solve a specific problem (applied), rather than ask key questions
(pure) to create intellectual infrastructure (scholarly). Explicitly stated as mandatory in the call for
proposals for this study was that its outcome had to be put to immediate practical use, thus making
an additional case for applied research activities. That my research could be understood as both
applied and developmental was based on the fact that most research concerning instructional design
is either applied or developmental (Nelson 2013, 3).

Noticeably absent from Brown, Gough & Roddis’ typology, however, is the type referred to as
design research. While Akker et al. (2006, 4) roughly equate design research with Brown, Gough, &
Roddis’ category of developmental research, the momentum and popularity gained by design
research as a type in its own right led me to investigate whether the research | was about to conduct
also fell in the design research category.

3.4.1 Design research

Design research is a broad term with a long history. Dating back to the 1960s within academia, design
research has traditionally referred to the study of design itself, its purpose, and processes. Significant
contributions have been made across the decades by researchers such as Schon (1983, 1987), Cross
(1982), Frayling (1993), Friedman (2003), Buchanan (2001), and Lawson (1980, 2004). Yet, the
concept of design research is still much debated, with the discussion revolving around defining what
research is and where it belongs in design education and practice (Frankel & Racine 2010). Recently,
non-academic designers have also adopted the term when referring to research that is integral to the
design work itself or inquiries that are part of designing, and not directly about design (Faste & Faste
2012). This has resulted in a proliferation of terminology and lack of consensus on definitions. Today,
the term design research has become part of the common vernacular in the field of design and is
used to describe a wide range of activities, from scholarly investigations to simple methods used by
practitioners as part of their design work (Faste & Faste 2012). In this study, however, | have used the
term design research to refer to the traditional definition as it is used within academia.



Scholarly Research

Pure Research

Developmental Research

Applied Research

Creates intellectual
infrastructure

Records—questions asked,
issues explored, solutions
proposed—in the field

Documents the knowledge
gained from pure,
developmental, and applied
research along with the
results

Compiles the resources,
methods, tools, and models
used in research within the
pure, developmental, and
applied research fields

Maps the field in which
issues, problems, or
questions are located

Disseminates the results of
research to the research
community and to others
who might be interested in
them

Asks key questions

Sets and explores
hypotheses experimentally
through logic and/or
intuition

Searches for pure
knowledge

Uncovers issues, theories,
laws, or metaphors that help
to explain why things
operate as they do, why
they are as they are, or, why
they appear to look the way
they do

Discovers/generates
significant new facts,
general theories, or
reflective models where
immediate practical
application or long-term
benefits are not a direct
objective

Yields potentially
unexpected results and
original theories,
discoveries, or models that
are unrelated to the
disciplines in which the
research has been
conducted

Tests relevant issues

Contests and tests existing
hypotheses/theories
originally

Tests and applies the
outcome of pure research
by harnessing existing
knowledge to determine
new methods or ways of
achieving some specific and
pre-determined objective

Focuses on how things are
done by (a) generating
useful metaphors for
organizing insight and (b)
developing specific theories
that can be used to predict
the future in specific
situations

Tests and reworks
knowledge through (a) the
generation of alternative
visual models, experiences
and thought systems and (b)
the evolving of special
methods, tools, and
resources in preparation for
solving specific problems in
a3 specific context where
immediate practical
application is a direct
objective

Produces results that may
be usable across many
contexts in pure and/or
applied research,
establishing connections
between individual cases
and disciplines

Solves specific problems

Examines specific cases
systematically

Applies developed
knowledge and methods to
the examination of a
specific context in order to
solve a problem in that
context

Creates new or improved
artifacts, products,
processes, materials,
devices, services, or systems
of thought and ways of
seeing

Applies outcomes from pure
and developmental research
to a specific context where
long-term benefits are a
direct objective

Produces results that cannot
usually be directly applied
to other contexts because of
the specificity of the context
from which information is
gathered

Table 3.1: Types of research in creative arts and design (adapted from Brown, Gough, and Roddis 2004).

Three dominant categories of design research have emerged and are widely accepted in the
literature: Research for design, research through design, and research about design (Frayling 1993;
Friedman 2003; Downton 2003).

Research for design is the category of research that most practitioners and academics associate
with the term “design research,” likely because it has the most potential to contribute to successful
design outcomes (Frankel & Racine 2010). In this category, both quantitative and qualitative research
methods may be appropriate (Roth 1999, 22-25). Approaches such as Action Research (Archer 1995)
or design-oriented research (Fallman 2003) fit in this category.



Research through design seeks to provide an explanation or theory through action-reflection for
use within a broader context (Frankel & Racine 2010). Downton (2003, 77) viewed this kind of
investigative theory as explaining and becoming “a vehicle for acquiring and shaping knowing” that
assists in future design activities. This category is derived from and is valuable for practice, and both
practitioners and researchers have contributed significantly to the literature (Frankel & Racine 2010).
Jonas's (2007) action-reflection, Schon’s (1983) reflection in action, and research-through-design by
Zimmerman, Forlizzi, & Evenson (2007) fall in this category.

Research about design is characterized by Buchanan (2007) as searching for “an explanation in the
experience of designers and those who use products.” According to Cross (2007), this category
addresses “the nature of design activity, design behaviour, and design cognition.” Much of the research
about design considers design in a more holistic sense, discussing what design should be and
methods to achieve this, as well as finding out what designers do and then developing and perhaps
refining this (Downton 2003, 37). Design inquiry (Buchanan 2007) is an example of research about
design. After comparing the three categories of design research with the aim of this study, | expected
to mainly conduct research about design and research through design and only include research for
design to a lesser extent (if at all).

To consider design research from a scientific perspective, Faste & Faste (2012) have proposed the
idea that design research is not a “kind" of research; rather, research is always a “kind" of design (see
figure 3.1) They have argued that design research is creative research and should be regarded as a
subset of design practice at large. This approach resonated well with me and allowed me to think of
my research as an activity that resided within the “practice” super-set. However, the nature of my
research questions implied using rigorous scientific methods associated with the traditional
“research” super-set with its known and replicable methods.

Research DeSIgn
Research

Practice

Figure 3.1: Design research as a subset of design practice at large (Faste & Faste 2012).

3.4.2 Understanding design research activities

To help me better understand the complex interrelatedness of my specific research questions and
how they would cause me to move between practical, theoretical, and experimental, activities, |
positioned my expected activities associated with each of my research questions within Fallman's
(2008) Interaction Design Research Triangle. As the name implies, the model was initially developed
to describe and guide research within the field of interaction design. However, the model’s general
categories closely match the topics and context of this dissertation because “interaction design, like
all design disciplines, [...] resides in people, methods, processes, and artifacts” (Fallman 2008, 9).
Fallman’s model provides a way of plotting the position of a design research activity within three



extremes: design practice, design studies, and design exploration, with the differences being
primarily in tradition and perspective, rather than the methods and tools used.

Design practice denotes the types of activities undertaken outside academia, such as working for a
commercial design organization, negotiating with clients, or working under budget constraints. This
activity area is about engaging in real-life design practice but doing so with an appropriate research
question in mind. The research question is developed and explored in either a reflective or proactive
manner.

The category referred to as design studies indicates activities that most closely resemble
traditional academic disciplines. This activity area is about building intellectual tradition within the
discipline and contributing to the accumulated body of knowledge. It involves analytical work and
taking part in ongoing discussions at conferences and workshops about design theory, methodology,
and history.

Design exploration is similar to design practice but differs in one key point: it aims to explore
"what if?" questions. This activity area is typically driven by the researcher’s own research agenda,
personal ideals, or theory seeking to transcend accepted paradigms. Design in this area becomes a
statement of what is possible and is often intended to provoke or criticize.

The model also introduces three concepts to describe movement between activity areas:
trajectories, loops, and dimensions. Trajectories are either intentional moves or unwanted drifting
between two or more activity areas in the model. Loops are trajectories with no starting or ending
points that move between different activity areas and are mainly used to describe a shiftin the
researcher’s perspective rather than a change in actual practice. Dimensions describe a continuum
between activity areas. Each activity area represents a perspective that indicates an infinite number
of views. By choosing views from each activity area and placing them on a bipolar scale, a researcher
can establish a frame in which a specific issue can be discussed.

Positioning my specific research questions (SRQs) in Fallman’s Design Research Triangle (see figure
3.2) clarified that my research activities would mainly reside in design practice and design studies.

Design Practice Design Studies

Context driven Cumulative

Particular X Distancing
Synthetic SRQ1 + SRQ2 Describing
Commercial design Philosophy

organizations Other disciplines

h

Trajectory
Design critique, Idealistic | 3
Art, Humanities Societal | DeSlgn .
Subversive i E)(Plorat'lOn
v

Figure 3.2: The study's specific research questions (marked by Xs) positioned in Fallman's (2008)
Interaction Design Research Triangle. The yellow area shows the activity areas of this study. Also shown
is the loop between the areas of design practice and design studies, as well as the trajectory pointing
from design practice toward design exploration.



Design practice was appropriate because | was attempting to introduce programming as a design
activity to be undertaken by graphic design students in their future professional vocation in the
design industry. It would assume my active, first-hand engagement with students, which meant |
would be part of the students’ experiences as well as taking part in discussions, rather than being just
an observer. My job as educator teaching Creative Coding naturally bestowed this upon me, but |
would need to approach my teaching from another perspective—that of a researcher. Design studies
was appropriate because | would have to use my personal experience, empirical observations, and
data | gathered as a foundation for analytical work that would add to the body of knowledge of the
graphic design discipline.

Given my background as practitioner-become-researcher, this study took its departure from design
practice, but answering the research questions required establishing a loop between design practice
and design studies. | expected a trajectory pointing from design practice toward design exploration to
manifest itself through the discussion of the theoretical and practical implications of teaching
programming to graphic designers.

3.4.3 Educational design research

Design research has also gained momentum in educational studies (Cobb et al. 2003; Akker et al.
2006). Specifically, design research within the field of educational studies aims at developing
empirically grounded theories through combined study of both the process of learning and the
means that support that process (DiSessa & Cobb 2004; Prediger, Gravemeijer, & Confrey 2015).
Barab and Squire (2004, 2) define educational design research as “a series of approaches, with the
intent of producing new theories, artifacts, and practices that account for and potentially impact learning
and teaching in naturalistic settings.”

While this study has only briefly touched upon the purpose of programming in graphic design
education, it is, nonetheless, deeply concerned with the processes and practices related to how
programming is taught in design schools, which ultimately will affect how students think about,
conceive, and execute graphic design products. Taking a pragmatist’s approach to this study, | have
focused my attention on producing something that changes the world. My contribution will not be a
self-contained Creative Coding course but rather a series of individual investigations, which, when
viewed together, can guide and inform educators in their work to design, develop, and deliver
Creative Coding courses. This process is generally referred to as instructional design.

3.4.4 Instructional design

Reiser and Dempsey (2007, 11) define instructional design as “a systematic approach that is employed
to develop education and training programs in a consistent and reliable fashion.” Practically, this entails
determining the state and needs of the learner, defining the end goal of instruction, and creating
some intervention to assist in the transition. But do investigations into instructional design constitute
design research? Nelson (2013) has answered this question affirmatively, arguing that it may be
useful to view instructional design as a design field in which applied and developmental research
activities are carried out to develop grounded theories based in design practice. Also, reinforcing the
relationship between instructional design and design research, Akker et al. (2006, 45) have argued
that instructional design can be perceived as informal predecessors of design research.

Jarveld and Renninger (2014) have asserted that instructional designers must generate interest in
learners, motivate them to learn, and create environments that can be engaging to the learners. These
key functions can be greatly aided by the skilled application of visual design principles. Instructional
design is also about stimulating the senses of the learner to create a positive emotional response to



the subject matter. Well-crafted instructional design can entice learners to complete the course, as
well as inspire them to ask their own questions and explore the subject independently. Hokanson,
Miller, and Hooper (2008) referred to the role of instructional designer as an instructional
craftsperson (i.e., someone who has honed his knowledge and skills through experience, and who is
concerned with the technical and aesthetic aspects of a project). Furthermore, Christensen & West
(2013) argued that an instructional craftsperson refers to so much more than the ability to create an
instructional product that simply looks good; the role becomes the manifestation of interdisciplinary
design research. Accordingly, in this study, | took on the role of instructional craftsperson, conducting
educational design research in an interdisciplinary field with the pragmatic intent to improve how
programming should be taught in graphic design education.

3.4.5 Mixed methods

My choice of the pragmatist paradigm negated a focus on any specific perspective or way of doing
research; instead, it emphasized the specific problem or questions asked and used whatever data-
collection methods were needed to understand the issue. Pragmatism advocates the use of any
combination of methods—independent of their paradigmatic affiliation—that are qualified solely on
their utilitarian value in investigating “what works” in order to arrive at an actionable result. This
approach of bringing together several seemingly unrelated methods to form a coherent research
strategy is commonly referred to as mixed methods research (MMR).

MMR has been practiced since the 1950s but formally emerged in the US in the late 1980s (McKim
2017) after the “paradigm wars” had ended (Gage 1989; Melles 2008, 5) and more dialogue between
different methods emerged. MMR began occupying the middle ground between post-positivist and
constructionist research paradigms. Recently, MMR has seen an explosion in theory development and
it has taken off in several different directions (Creswell 2009, 2014; Creswell & Plano Clark 2007;
Mertens 2007; Teddlie & Tashakkori 2009).

As a research method, MMR focuses on collecting, analyzing, and mixing both quantitative and
qualitative data in a single study or series of studies (Hall 2013). Its central premise is that the
combination of quantitative and qualitative approaches provides a better understanding and
corroboration of research problems than either approach alone (Johnson, Onwuegbuzie, & Turner
2007, 123). Doyle, Brady, and Byrne (2016) discuss the main rationales or benefits proposed for
undertaking an MMR study. An edited excerpt of these can be seen in Table 3.2.

Rationale Explanation

Triangulation Uses quantitative and qualitative methods so that findings may be mutually
corroborated.

Expansion Requires the findings of earlier phases to be explained qualitatively, if needed.

Exploration Requires an initial phase to develop an instrument, intervention, identify variables

to study or develop a hypothesis that requires testing.

Completeness Provides a more comprehensive account of phenomena under study.
Offset weaknesses Ensures that weaknesses of each method are minimized.
Different research questions Allows for both quantitative and qualitative questions to be posed at the

beginning of the study.

Illustration Uses qualitative data to illuminate quantitative findings.

Table 3.2: Main rationales and benefits of Mixed Methods Research (adapted from Doyle, Brady, and Byrne 2016).



| arrived at my decision to adopt MMR through my choice of pragmatism as my paradigmatic
position. Other researchers, however, have taken the opposite direction. Hall (2013) investigated the
use of mixed methods while looking for an appropriate paradigm to justify its use. Hall (2013)
identified three approaches to paradigm choice: the a-paradigmatic approach, the multiple paradigm
approach, and the single paradigm approach. He concluded that a single paradigm can indeed
provide a justification for mixed methods. Despite acknowledging pragmatism as a contender, he
ultimately pointed to realism as a better choice of paradigm for mixed methods, criticizing
pragmatism’s lack of clear definition of "what works.” Hall opposed Goldkuhl (2011), who claimed
that design research had found an appropriate home in the pragmatist paradigm. His view aligned
with that of Melles (2008), who posited that acknowledging pragmatism as useful and relevant within
design research, would give purpose to the mixed methods approach that design currently employs
on an ad-hog, eclectic basis (Melles 2008, 10). In light of my findings, discussed in this chapter, which
allindicated a strong natural relationship between pragmatism and the educational and design parts
of my research topic, | rejected Hall's recommendation in favor of the views of Melles and Goldkuhl
and maintained my position as pragmatist.

Collectively, the topics discussed in the previous sections were all indicative of and supported
mixed methods research as the most appropriate and best suited to provide an exhaustive, broad,
and nuanced answer to my overarching research question.

3.5 Research design

In section 1.7, the study’s overarching research question, “how should programming ideally be taught
to graphic designers to account for how they learn and how they intend to integrate programming into
their vocational practice?” was subdivided into three specific research questions to be addressed in
individual papers. Given the methodological flexibility of MMR, coupled with my paradigmatic
pragmatist position, | chose to let the nature of each individual research question decide which
particular qualitative or quantitative method was appropriate. Below, | account for the research
design of my three papers individually.

3.5.1 Paper1

This paper seeks to answer SRQ1: "How is Creative Coding currently taught in graphic design schools?”

The objective of the study on which the paper is based was to survey the structure and content of
contemporary Creative Coding courses to establish a snapshot of current teaching praxis. Its
underlying hypothesis, derived from my personal experience and observations, was that
contemporary Creative Coding courses are mainly taught using a computer science approach that is
not beneficial to graphic design students.

The paper describes research that analyzed syllabi collected from contemporary Creative Coding
courses taught at design schools across the globe. The reason for this choice of material was that it
would be practically impossible to do in-depth observation studies of several courses occurring over
extended periods of time in many different places. | could have opted to do in-class observation
studies, but at the expense of the breadth of the study. However, there are benefits of looking at
finished courses: 1) they are typically well-documented, 2) teaching materials are available, 3) course
assignments and exercises, plus the students’ submissions to these, are available, and 4) it allows the
study to document “"what actually happened” as opposed to the course educators’ intentions of “what
will happen.”



To provide a broad and nuanced overview of the structure and content in contemporary Creative
Coding classes, | chose breadth over depth.

Given the nature of the data collected, | performed a quantitative study of constituent course
parameters and discussed the results in juxtaposition with traditional graphic design education to
evaluate the paper’s hypothesis.

3.5.2 Paper 2
The intent of this paper is to answer SRQ2: "How should Creative Coding be taught to accommodate
how graphic design students learn?”

The objective of the study presented in this paper was to assess if the instructional design of how
Creative Coding is currently taught is optimal with respect to how graphic designers learn. Its
underlying hypothesis, based on the observations gained from the study described in paper 1, was
that contemporary Creative Coding courses are not taught in the most optimal way and do not
account for how graphic designers learn.

To evaluate the hypothesis, the study set out to investigate how graphic design students learn.
Specifically, the study sought to understand how graphic design students compare with students in
other disciplines to determine characteristics that educators must account for. The study used a
standardized test to allow for direct comparison of the results with findings obtained in similar tests
of different audiences performed by other researchers. As my literature review revealed, the Felder-
Soloman Learning Style Index (ILS®) online questionnaire (Felder & Soloman 1997) appeared to be
widely used and frequently referred to in publications across many fields. Accordingly, in this study, |
administered the Felder-Soloman ILS® questionnaire to groups of graphic design students to
establish their learning style profile. | compared my results with groups of students from technical
disciplines to determine if graphic design students exhibit different characteristics. Finally, |
compared the learning style profile with my findings from paper 1 to identify any measures that
should be addressed to adapt the instructional design of Creative Coding courses to suit the learning
styles of graphic design students.

To ensure a level of homogeneity and consistency in the data used in the analysis, | opted to test
students from just one school (The Danish School of Media and Journalism). A similar choice had
been made by the researchers whose results | used for comparison.

3.5.3 Paper 3
This paper addresses SRQ3: "How can graphic design students be motivated and supported as they are
introduced to programming?”

The objective of the study behind the paper was to describe and test a new pedagogical method
for teaching programming to graphic designers. The pedagogical method was developed using
constructionist learning theory as its underpinning theoretical framework. Following Papert’s (1980)
idea of using familiar knowledge in one domain to leverage knowledge acquisition from an unfamiliar
domain, the pedagogical method relied on pre-existing graphic design specimens to contextualize
computational concepts.

The underlying hypothesis of the study was that contextualizing programming to fit the students’
predominant learning style and pre-existing domain-specific skills would improve the motivation and
desire to learn programming of graphic design students, which would be essential to pave the way
for their self-initiated exploration of code in their vocational practice.



The study took an empirical action research approach. | employed and tested the pedagogical
method in real Creative Coding courses to 1) make first-hand empirical observations, and 2) receive
qualitative feedback from the students as they described their experience of working with the
method. This strategy was chosen as a direct consequence of the first two papers having used
quantitative methods and not engaged directly with the intended audience. A key rationale in MMR,
explained in section 3.4.5, is that combining methods is believed to lead to a better understanding
and a more comprehensive account of the studied phenomenon than could be arrived at by either
approach alone.

The paper describes the pedagogical method, explains its intended use in Creative Coding courses,
and assesses the potential, successes, and shortcomings of the pedagogical methods based on
empirical observations and plenary student interviews.

3.5.4 Summary
The research design chosen for each of the papers is summarized in table 3.3.

Specific Research
Question

SRQ1:

How is Creative
Coding currently
taught in graphic
design schools?

SRQ2:

How should
Creative Coding
be taught to
accommodate
how graphic
designers learn?

SRQ3:

How can graphic
design students
be motivated and
supported as
they are
introduced to
programming?

Objective

Survey the
structure and
content of
contemporary
Creative Coding
courses to
establish a
snapshot of
current teaching
praxis

Assess if the
instructional
design of how
Creative Coding is
currently taught is
optimal with
respect to how
graphic designers
learn

Suggest and test
one possible
pedagogic
method to assess
its potential,
successes and
shortcomings

Hypothesis

Contemporary
Creative Coding
courses are mainly
taught using a
computer science
approach which is not
beneficial to graphic
design students

Contemporary
Creative Coding
courses are not taught
in the most optimal
way and do not
account for how
graphic designers
learn

Contextualizing
programming to fit the
students’ predominant
learning style and pre-
existing domain-
specific skills, will
improve the
motivation of graphic
design students and
their desire to learn
programming

Research Type

Research about
design

Developmental
research
(Brown, Gough,
Roddis)

Design studies
(Fallman)

Research about
design

Developmental
research
(Brown, Gough,
Roddis)

Design studies
(Fallman)

Research
through design

Applied
research
(Brown, Gough,
Roddis)

Design practice
(Fallman)

Research
Method

Scientific
approach

Quantitative
study of
structure and
contentin
contemporary
Creative Coding
syllabi

Scientific
approach

Quantitative
Learning Style
test to graphic
design students

Design
approach

In-situ testing of
the pedagogic
method on its
intended
audience

Qualitative
assessment of
its efficiency

Table 3.3: Summary of research design chosen to answer each SRQ.

Material

Syllabi from
contemporary
introductory
Creative Coding
courses taught
at design
schools

Felder-Soloman
Learning Style
Index (ILS®)
tests taken by
graphic design
students

Iteratively
improved
proprietary
pedagogic
method

Graphic design
specimens
collected using
Pinterest

Instructional
material



3.6 Order of execution

Gathering data for paper 1 was initiated immediately. Compared to papers 2 and 3, gathering data
could be carried out in-between other activities. Once sufficient data was gathered, analysis could
commence immediately as this study was not dependent on input from papers 2 and 3.

To obtain a sufficient sample size, gathering data for paper 2 also had to be initiated immediately.
My choice of surveying students from only one school (section 3.5.2) had the drawback that data
could only be collected across a larger timespan because each class was fairly small (approx. 24
students).

Paper 3 describes a pedagogic model and observations on its employment in a Creative Coding
course. As the course is taught two times a year, across the span of my PhD, | would teach the course
approximately six times. This provided an opportunity to iteratively improve the pedagogic method
using feedback and knowledge obtained from the preceding courses. Consequently, | initiated
development on the pedagogic method immediately, giving me the chance put the method to the
test and report my observations before having to turn my attention to papers 1 and 2. This, however,
means that only findings from the first iterations of the method have been reported in paper 3.

Taking all of the above-mentioned elements into account, the order in which to execute the
activities described in each paper emerged. Figure 3.1 provides a schematic overview:

Paper 1 -
Paper 2 I I I I I -
Paper 3 I I - I I I
Extended summary I I -

Start of study End of study
Gathering data Development activities Answering research questions
. Student feedback Developing pedagogic method . Aggregate findings
B /15® questionnaire Teaching Creative Coding course B Analyzing and reporting data

Creative Coding syllabuses

Figure 3.3: Schematic overview of research activities in this study.

3.7 Validating results

As this is a paper-based dissertation, results have been continuously evaluated in multiple peer
reviews, and revisions have been made according to the feedback (see the submission and
publication history at the beginning of each paper). However, acknowledging that some readers wish
to critically scrutinize my results, | will recommend some possible ways to validate the results of my
research.

Results obtained in paper 1 (chapter 5) can be validated by replicating the method and analysis
described in the paper. A comprehensive list of the courses that make up the dataset is described in
the paper. Teaching materials, syllabi, and student assignments for each course can be located and
downloaded using one of the Internet search engines mentioned in the paper. As new Creative
Coding courses are constantly added and indexed by Internet search engines, following the search



strategy described in the paper will always yield a new set of courses to be analyzed. However, given
my decision to opt for breadth over depth, | feel assured that any attempts to replicate my study in
the near future using a set of different courses will likely see a re-emergence of the reported pattern,
thus confirming my results.

Results in paper 2 (chapter 6) are easily validated due to my choice of using a standardized and
widely used profiling tool (Felder & Soloman 1997). The paper lists the exact data obtained though
the questionnaire, thereby making it easy to subject my results to various validation checks. |
speculate that attempts to validate my results on a similar audience will arrive at the same
observations.

Validating the usefulness of the method described in paper 3 (chapter 7) requires practically
implementing, observing, and assessing the method by following the outlines described in the paper.
Student feedback was gathered using a qualitative approach, thus not permitting a direct quantitative
comparison of the performance of the suggested method to other similar methods. As of now, the
verification of the method’s efficiency is based on my past experience with other methods, students’
feedback of their perceived experience working with the method, and an assessment of the effect of
the iterative improvements made to the method. As described in section 8.6, future studies are
planned to formally qualify the method as a valid and effective approach. Additionally, | hope that
other educators will incorporate the method in their teaching and report their observations regarding
its usefulness.

The overall research question posed in this dissertation is answered by merging results found in
papers 1-3. Given the open-ended nature of the research question, itis important to stress that the
answer provided in section 8.2.4 should be seen as just one of many possible conclusions. Following
my personal ambition to also provide a utilitarian output, the answer is interpreted and supported by
a set of heuristics. | suggest that the usefulness of the heuristics be evaluated through the eyes of a
design educator. In the text accompanying each heuristic, | provide a detailed explanation anchored
in supporting studies, findings from my own papers, and my own empirical observations. This allows
the reader to make a personal assessment of the validity of the suggested heuristics.



CHAPTER 4: RESEARCH CONTRIBUTIONS

This chapter provides an overview of the research papers and discusses
their interrelationship. Each paper is presented in the following chapters
along with a submission history and publication state.

4.1 Overview

"Mapping Creative Coding Courses: Towards Bespoke Programming Curricula in Graphic Design
Education” (paper 1; chapter 5) reports a study of thirty syllabi gathered from introductory Creative
Coding programming courses. A selection of the results concerning the courses' structure and content
is presented and discussed. The majority of the analyzed courses exhibited evidence of being
planned to adapt and submit graphic design topics to programming paradigms. Also, topics and
algorithms of particular value to graphic design as a spatial practice were absent in many courses.
Finally, most courses did not investigate visual output that is achievable only through computation.
The paper argues that educators must adapt their Creative Coding syllabi and teaching materials to
make programming meet the needs of graphic designers rather than the other way around. The
findings in this paper provide a point of departure for a critical discussion among educators who wish
to integrate programming in graphic design education.

“Assessing Graphic Designers’ Learning Style Profile to Improve Creative Coding Course” (paper 2;
chapter 6) assesses the learning style of graphic design students to help design school educators
teaching Creative Coding programming courses adapt their teaching style to account for the way their
students learn. The Felder-Soloman Index of Learning Styles (ILS®) was administered to 77 bachelor-
level graphic design students. Compared to students in technical fields, the graphic design students
differed by being considerably more intuitive, with an increased preference for active and visual
learning. Based on these findings, specific recommendations and issues for educators to consider are
presented.

"Deconstruction/Reconstruction: A Pedagogic Method for Teaching Programming to Graphic
Designers” (paper 3; chapter 7) proposes, describes, and exemplifies a hands-on, experiential
pedagogic method, deconstruction/reconstruction, specifically designed to introduce graphic design
students to programming in a visual context. The method uses pre-existing, commercially applied
graphic design specimens as its main material to contextualize programming into a domain familiar to
the audience. Observations of the method used in teaching are discussed, and its potential is
evaluated based on feedback provided by the students.

4.2 Linking the papers

The papers share a common origin in the dissertation’s overarching research question (RQ; section
1.7). Each paper takes a specific research question (SRQs; section 1.7) as its point of departure.



Individually, the papers are self-contained pieces that contribute valuable knowledge by posing and
answering highly specific questions. Seen together, the papers provide a coherent and
comprehensive contribution to research on instructional design in the interdisciplinary field of
graphic design and programming.

Further linking the papers are their mutual temporalities, deliberately designed to give the
dissertation a broad chronological span by covering both past, present, and future (see table 4.1).

Paper Purpose Temporality Chronology
Paper 1 Analyze syllabi from recently finished programming courses | Past > Examine what has
in design schools been done
Paper 2 Profile how graphic designers learn to inform how Present > Understand
programming courses should be designed current potential
Paper 3 Suggest and test a bespoke contextualized pedagogic Future > Suggest what
method as one possible way to teach programming can be done v

Table 4.1: Progression of temporalities in papers.

The linear temporal succession of the papers suggests that they should be read in the sequence
they appear in this dissertation. However, due to issues accounted for in section 3.6, the papers were
originally written in a different order.

In the final conclusion of the dissertation (section 8.2) each paper’s contribution to answering the
dissertation’s overarching question is discussed in more detail.
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Abstract

This paper presents a study of 30 syllabi gathered from introductory Creative Coding programming
courses. A selection of the results concerning the courses' structure and content is presented and
discussed. The majority of the analyzed courses exhibited evidence of being planned to adapt and
submit graphic design topics to programming paradigms. Also, topics and algorithms of particular
value to graphic design as a spatial practice were absent in many courses. Finally, most courses did
not investigate visual output that is achievable only through computation. The present study argues
that educators must adapt their Creative Coding syllabi and teaching materials to make programming
meet the needs of graphic designers rather than the other way around. The findings in this paper
provide a point of departure for a critical discussion among educators who wish to integrate
programming in graphic design education.
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1. Introduction

In the wake of the convergence of computer programming and graphic design, several scholars and
practitioners have argued that there is a need for coding to play a larger role in the future education
of graphic designers [Amil1; Pet12; Sau13; Tob12a; YouO1]. This move toward integrating
computation into graphic design practice and education is paramount to engage and nurture a new
generation of cross-disciplinary meta-designers who are as visually talented as they are technically
proficient [Mad15].

Extending this discussion into classroom practice, design schools across the globe have begun
revising their curricula to include courses in Creative Coding, which is a vague yet popularized term
describing "a discovery-based process consisting of exploration, iteration, and reflection, using code
as a primary medium, towards a media artifact designed for an artistic context" [MB13]. However, as
an emerging practice, educators and researchers alike still only possess a shallow understanding of
how programming should ideally be taught to an audience of visuospatial-inclined graphic designers.



The lack of an established epistemological framework [TF17] inadvertently has caused many Creative
Coding courses to be haphazardly planned on an uninformed basis. In an effort to mitigate this,
design educators have drawn inspiration from programming courses offered within Computer
Science, but, without proper adaptation, they unintentionally have made graphic design topics fit the
structure and terminology of Computer Science.

Moving toward bespoke programming curricula that is adapted to fit graphic designers calls for
investigation into and discussion of how these courses should ideally be planned, developed, and
implemented. To facilitate an informed debate on the subject, an overview of the status quo of
contemporary Creative Coding courses is needed. Examination of the literature reveals that no study
to date has been conducted on this subject. Therefore, to fill this gap, this paper asks the question:
"How are introductory Creative Coding courses that are designed to teach programming in a visual
context structured, and what topics are covered?" To answer this question, the systematic mapping
and content analysis of 30 representative Creative Coding courses were performed.

2. Collecting data

The first phase of this study involved conducting structured Internet search engine queries using
combinations of chosen keywords that are essential to the topic of the study (see Table 1). The search
was carried out using generic web search engines, Google and Bing, with the browser set to "private
mode” to prevent the possible interference of past searches in the results. To prevent a bias toward
courses taught in English, queries using translations of the keywords in several languages (i.e.,
German, Spanish, Portuguese, French, Italian, Danish, Swedish) were also made. Search results from
the first five pages of each query were systematically evaluated to construct a gross list of identified
courses. In the second phase, search queries using the previously mentioned keywords were made
on code sharing websites that are frequently used by educators who teach programming in a visual
context: github.com, codepen.io, and openprocessing.org (Main Repository & Class Section). All
identified courses were added to the gross list.

Visual Programming Curriculum
Graphic Coding Syllabus
Design Course
Creative Class

Table 1: Search queries were constructed by combining one keyword from each column.

Next, the content of each of the courses on the gross list was reviewed and held against a set of
criteria to determine if it was suitable for inclusion in the study:

e Offered by a university, university college, or trade school

e Taught within the past five years (2013-2018)

e Introductory level

e Teaches programming in a visual design context

e Detailed course syllabus is available

e Teaching materials are available (optional)

e Assignments and student submissions are available (optional)



Applying this search strategy yielded 30 courses qualified for in- depth analysis. The syllabus,
teaching materials, and assignments from each course were downloaded to form the study's dataset.

3. Analysis & Results

A homogenized dataset was developed using a spreadsheet to log 17 constituent parameters from
each course (i.e,, course duration, class size, scheduled lectures, number of teaching assistants,
teaching methods, textbooks, programming environment). To establish a framework for analyzing the
courses' structures and contents, an inductive textual analysis of the course syllabi and teaching
materials dataset was conducted to identify recurring domain-specific topics relating to both
Programming and Graphic Design. Twenty-seven programming topics and 19 graphic design topics
were derived directly from the raw dataset through repeated examination without the use of
theoretical perspectives or predetermined categories.
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Figure 1: The populated matrix, providing an overview of the analyzed courses (see Section 3 for additional info).

The identified domain-specific topics were used to construct a matrix with 30 rows (courses) and 46
columns (topics). The matrix was populated through a detailed examination of each course's syllabus
and teaching materials to identify in which class each topic was firstintroduced and dealt with in-
depth. The absolute class number (e.g., 8) and its relative position in the overall course (e.g., the 8th
class of 24 total classes = 33.3%) were entered into the matrix. In cases where it could not be
definitely decided if or when a particular topic was dealt with in the course, the cell was left blank.
Color coding cells, using the relative position mapped to a specter ranging from green (0%) over
yellow (50%) to red (100%), revealed the pattern shown in Figure 1. Green refers to “core” topics
introduced early in almost all courses, whereas, red refers to advanced or specialized topics
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Computer Science Topics I introduced late and sparsely across the courses. Next,

, o ' ' ' '
IDE intro i the average order in which both programming topics and
Syntax & Reference 10% . . . .
e — = graphic design topics were taught was determined by
Flow Control 14% sorting the relative position value in ascending order.
Variables 17% The tabulated results are shown in Table 2. Below, a few
Operators & Expressions 18% of the most noticeable results relevant within the scope
Conditionals 21% f thi di d
Output: Console 21% of this paper are discussed:
Loops 23% Processing and p5.js were the preferred programming
Debugging 24% environments. Of the analyzed courses, 37% used p5.js
Input: Mouse 26% [MFR15], 33% used Processing [FR14], and 20% used
Input: Keyboard 33% .

P~ 5y both. Furthermore, 10% used lesser known JavaScript
Functions 36% o ) i
Arrays 37% frameworks (basiljs, rune.js). Other popular Creative
Events 42% Coding environments (e.g., openFrameworks, Cinder,
Gul 47% vvvv, Max, three js) were used only in one of the
Timers 51% . .
00p 1% analyzed courses, respectively; however, they often
Input: Touch 57% replaced or supplemented Processing and p5.js in
API's 61% advanced courses.
Libraries (3 party) 62% Debugging and error analysis techniques were only
B DOM 62% . o

—— > discussed as separate topics in half of the courses. As a
Data Import 63% . R )
Data Export 63% major part of programming is hunting down bugs and
Recursion 64% fixing problems, failing to equip students with
Hardware & Electronics 69% techniques to accomplish this will likely cause frustration
Network 76%

among students who have to solve their assignments

Graphic Design Topics _ outside of their scheduled classes and, thus, will not

Coordinate System 12% have the opportunity to ask an educator or teaching
Graphic Primitives 13% assistant for advice.
) . . . .

Color 14% Recursion was introduced relatively late (64% into
Shapes (Custom) 27% h deri . bili d . L
Randomness & Noise 27% the courses), considering its ability to produce visually
Transformations 27% aesthetic results. Of the courses that introduced
Motion & Animation 38% recursion, half of them discussed it solely as an abstract

i [o) . . . . .
MG 39% concept while the remaining courses explained recursion
Typography 39% . . . .
Text e visually by implementing generic examples (e.g., Koch
Images 47% snowflakes, recursive trees). Only one course
Collisions 53% exemplified how recursion is used in actual graphic
Computational Aesthetics 55% design artifacts.
Video 56% Collisions, overlapping, and spatial arrangements were
Pixel Operations 57% ' ' ! ' PP g" ' P g
Seund 66% given little attention, considering that much of what
Vectors 70% graphic designers do is arranging elements on a surface.
3D /2% Of the courses, 20% addressed these topics; however,
Computer Vision 82%

this was mostly done by emphasizing the math involved,
thereby, failing to demonstrate how the topics could be
icall lied i hi ' jects.

computer science topics and graphic design practics _y applied in graphic design prpjects ) o
topics were taught (%-values denote when Graphical User Interface (GUI) was discussed in 27%
the topic was taught relative to the entire of the courses. A simple GUI provides students with a

course duration). familiar way to explore the inherent aesthetic potential
of a code without having to continually recompile or

Table 2: The average order in which



resort to arbitrary keyboard/mouse inputs. In courses that used Processing, the built-in "Tweak Mode”
provided a rudimentary GUI within the IDE itself, allowing students to experiment with different
values and receive immediate visual feedback. However, this option was only mentioned explicitly in
two courses. GUI was more frequently discussed in courses that used p5.js, likely because a range of
basic interface elements are readily available within the browser DOM.

Math, rarely incorporated in graphic design curriculg, is an essential component of Creative Coding.
Of the courses, 63% introduced basic algebraic, trigonometric, and geometric principles. Often, math
was introduced using an apologetic tone, building on the assumption that graphic designers lack
numeracy skills. One course featured a scheduled "Math Day!”, with an exclamation mark to indicate
caution or danger. This discourse may inadvertently have reinforced the students’ pre-conceived
notions that programming is hard to learn.

4. Discussion

Several researchers argue that the principles of coding share conceptual aspects with the principles
of design [Tob12b; YouO1]. Despite their commonalities, notable differences were observed in how
Creative Coding courses were structured and what content they included depending on the course
educator’s disciplinary background. To elaborate on this, the generalized opposing notions of code-
first approach versus design-first approach are introduced.

A code-first approach refers to programming educators who plan a Creative Coding course
thinking, "how can | make graphic designers understand what programming is?" This approach forces
graphic design topics to adapt and submit to programming paradigms. Typically, students learn how
to convert well-known graphic design methods into the medium of code. Assignments are primarily
given to test the students' proficiency at programming and refrain from assessing the aesthetic
aspects of the students' works. Little attention is given to connecting the activity of programming
with the students’ field of study. This implies formal rigor and adherence to the established
programming practices.

A design-first approach refers to design educators who plan a Creative Coding course thinking,
"how can | make graphic designers use programming in their work?" This approach employs
programming to explore graphic design topics computationally. Typically, students learn how to
expand the boundaries of their discipline through the medium of code. Assignments are primarily
given to test the students' ability to arrive at new visual expressions and refrain from assessing the
quality of their code. Great attention is given to connect the activity of programming to the students’
field of study. This implies exploratory discovery and a casual treatment of code.

4.1 Structure

The majority of the analyzed courses exhibited evidence of having been planned utilizing a code-first
approach. Programming terminology was often favored over equivalent graphic design terminology
(e.g. "loop" instead of "repetition," "output window" instead of "canvas"). Assignments focused on
testing if students had understood a given programming topic and downplayed the assessment of
their aesthetic quality. A consequence of structuring the course and teaching materials using a code-
first approach is that students fail to utilize their existing, domain-specific, graphic design knowledge
as a basis for constructing and acquiring new knowledge in a programming domain that is unfamiliar
to them, which is an essential premise in constructionist learning theory [Pap87]. For example,
graphic design students can use their existing knowledge of two-dimensional grids to leverage their
understanding of the abstract concept of "nested for loops,” a strategy specifically employed in five
of the analyzed courses.



Another example of how the two approaches affected the syllabi, respectively, can be given by
looking at how the topic of color was taught. Most of the analyzed courses used a code-first approach
by taking the language reference of the chosen programming environment as an offset to discuss
specific functions used to define and manipulate colors, thereby, leaving students to explore colors
computationally within the confinements of the programming environment. Had a design-first
approach been used, color theory, which has been established over centuries, could be used as a
reference to discuss how colors can be defined and used computationally. Aside from replicating
certain mathematical principles used to create harmonious color schemes, courses might also discuss
new techniques that have become available through computation, e.g., creating palettes by sampling
pixel values from an image, pixel-sorting, computing dominant colors, and connecting to APIs like
COLOURLovers [Col18].

A few of the analyzed courses had been planned utilizing a design-first approach. One example
was the course "Printing Code" [Mad16], taught at ITP by Rune Madsen. In his course, Madsen
constructed a syllabus that stayed deeply rooted in graphic design and introduced programming
topics only as they were required to illustrate, extend, and explore a particular graphic design
principle. Although an advanced course assuming prior programming knowledge and, thus, excluded
from the analysis, another noteworthy course was “"Computational Form” [Bak18], taught at the
Parson School of Design by Justin Bakse. Through highly visual and interactive course materials,
adapted to cater to the needs of design students, this course established an exploratory environment
where programming was taught with the clear intention of empowering Art and Design students to
investigate new modes and forms of expressions as well as where programming topics were chosen
for their ability to produce aesthetical output, rather than their canonical value within Computer
Science.

Studies [DGO6; Guz10] suggest that contextualizing programming into a setting more familiar to
the audience positively affects student retention and motivation; thereby, research further prompts
educators to use a design-first approach when planning Creative Coding courses intended for graphic
designers.

4.2 Content

All courses dealt mainly with foundational graphic design topics, e.g., color, shapes, and typography.
This is hardly surprising, as these are considered to be the basic components of the graphic design
trade and, as such, would be expected to appear in an introductory level course. Absent in most
courses, however, were topics and algorithms of particular value to graphic design as a spatial
practice (e.g., object distribution, space filling, space partitioning, and overlap detection). While
arguably more complex to implement and understand, it is pivotal to include these in a Creative
Coding syllabus, as they can address and provide solutions to well-known issues experienced by
graphic design students in their daily work.

Few courses investigated algorithms that produce a visual output that is only achievable through
computation (e.g. glitch art, ASCII art, cellular automata, emergence, L-systems, fractals, self-
organizing systems, evolutionary design, and drawing using data feeds). An example of one such
course was "Computer Graphics con p5.js" [Bel17] at the Brera Academy of Fine Arts, taught by Prof.
Antonio Belluscio. This course discussed topics like attractors, fractals, autonomous agents, and
flocking behaviors, partially through presenting cases employing the technique and partially by
providing simple code examples for students to explore at times. Conversely, courses that neglected
to examine the potential of the computational aesthetic and its associated techniques taught
students to use code to create works that originated in graphic design principles belonging in the



pre- computer design era. This is counterproductive to the aim of educating graphic design students
who can expand the boundaries of their discipline through the medium of code.

A final observation worth mentioning is that virtually all of the courses encouraged students to
sketch their ideas on paper before performing any coding. Two of the courses even required the first
exercises (involving harmonographs, automatons, and tiling patterns) to be solved using only pen,
paper, and cardboard, thereby, using a familiar and “safe” medium to help students understand the
principles involved in computational thinking [KP16; Win06]; this could potentially help disarm any
premature aversion towards programming. However, as truly indigenous computational aesthetics are
typically generated through computationally intensive calculations, they are virtually impossible to
express manually in an analog sketch. To escape the inherent expressive limitations of physical
materials, it is important that educators stress to their students that sketching solely using code is
equally as important.

5. Implications & Future Research

Programming allows graphic designers to unlock and explore a new code-driven visual paradigm, but
they must be inspired and given the necessary skills to do so in a way that builds upon and extends
their pre-existing knowledge. This study indicates plenty of opportunities for educators to rethink
and restructure how Creative Coding courses are currently taught in design schools. Considering the
results obtained in this study, it is argued that educators must use a design-first approach when
planning the structure and content of Creative Coding courses intended for graphic designers. A
design-first approach is considered to be essential to effectively promote and embed programming
3as an established practice in graphic design education.

This study’s data and the conclusions derived thereof are currently being used to develop a
bespoke Creative Coding syllabus especially for use in design schools. Also underway is a study
investigating the relationship between the students' motivations and the aesthetic quality of their
assignments. Finally, dedicated research on the pedagogical and didactical strategies employed in
the courses can further inform and encourage a dialogue among both programming and graphic
design educators.
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Appendix: List of analyzed courses

Course Name

DM-UY-1133-A Creative Coding

DM-UY-1133-C Creative Coding

Programming Design Systems
(previously "Printing Code")

15-104 * Computation for Creative
Practices

MCC-UE 1585 Creative Coding

CCT 126 Programming for Artists and
Designers

VA345 Creative Coding
VCD 293 Design By Code

CS 110 (Sect. 2): Introduction to Computing

EDPX 2100 Coding
PUCD 2035-E Creative Computing
DAT405 Creative Coding

ICM-2017 ITP Foundation Course to
Computational Media

Corso di Computer Graphics

HCDE 598 MS Creative Computing
Creative Coding 1701ICT

AET 319 Foundations of Creative Coding
MART 120 Creative Coding 1

Kickstart Algorithmic Thinking &
Programming

Programming for Visual Artists
Programming for Visual Artists
Programming for Artists

Computer Science 1050: Introduction to
Computer Science: Multimedia

ARTS 249-01 Creative Coding
PUCD 2035-E Creative Computing
ASIM 1310 Art + Code

CIM 540 Intro to Creative Coding

CAT 117 Process & Interaction: An
Introduction to Creative Coding

Creative Coding

Creative Coding

Institution

Integrated Digital Media,
NYU Tandon School of Engineering

Integrated Digital Media,
NYU Tandon School of Engineering

NYU Tisch School of the Arts
Carnegie Mellon University

NYU Steinhardt
Maine College of Art

Sabanci University

Istanbul Bilgi Universitesi

Bryn Mawr College

University of Denver

Parsons The New School for Design
University of Plymouth

NYU Tisch School of the Arts

Accademia di Belle Arti di Brera
University of Washington
Griffith University

University of Texas at Austin

University of Montana

Lucerne University of Applied Sciences and Arts

Aalto University

Purchase College State University of New York

University of Florida

Saint Louis University

Queens College
Parsons The New School for Design

Southern Methodist University

University of Miami School of Communication

Bloomfield College

Politecnico di Milano

Integrated Digital Media,
NYU Tandon School of Engineering

Country Semester & Year

us

us

us

us

us
us

TR
TR
us
us
us
GB
us

IT

us
AU
us
us
CH

Fl

us
us
us

us
us
us
us
us

us

Spring 2017

Fall 2017

2016

2016

2014
Winter 2013

2017
2016-2017
Spring 2016
Winter 2016
Spring 2016
Fall2017
2017

2018
Winter 2017
2017
Fall2016
2017
Spring 2015

Spring 2018

Fall2017
Spring 2016
Spring 2016

Spring 2017
Fall2015
Fall2013

Spring 2017

Spring 2015

Fall 2018
Fall 2018
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Abstract

This study aimed at assessing the learning style of graphic design students to help design school
educators teaching Creative Coding programming courses adapt their teaching style to account for
the way their students learn. The Felder-Soloman Index of Learning Styles (ILS©) was administered to
77 bachelor-level graphic design students. Compared to students in technical fields, the graphic
design students differed by being considerably more intuitive, with an increased preference for
active and visual learning. Based on these findings, specific recommendations and issues for
educators to consider are presented.

1. Introduction

In today’s software-driven, techno-centric world, the popular prevailing discourse is that everyone
must learn to program. Many national and international initiatives have helped put coding and
computational thinking into schools’ curriculums, aided by a rapidly increasing undergrowth of
dedicated programming environments tailored to suit the needs and learning situations of specific
audiences. Programming has also made its entrance into Graphic Design education. Design schools
across the globe are now offering programming courses, typically branded using the popularized
term Creative Coding. These courses teach informal programming practices that enable graphic
design students to create expressive visual output for use in commercial contexts.

However, being a recent addition to graphic design education, programming has not yet been
taught extensively. Hence, empirically gained knowledge to help design educators navigate and
operate within the intersection among graphic design, programming, and teaching is largely missing.
As a contribution to close this gap, this study will assess the learning style profile of graphic
designers. Learning styles are different and unique ways used by students as they prepare to learn
and recall information. Incorporating learning styles into teaching plans can make learning easier and
lead to better achievement. Conversely, failing to match the students’ preferred learning styles risks
impeding their learning. While several studies have been undertaken to assess the learning style
preferences of students in many diverse disciplines, no known studies have explicitly sought to
profile graphic design students. Understanding the preferred learning style of graphic design
students will help design educators plan and execute enjoyable, enriching, and effective learning



experiences that teach programming in a way which accounts for how graphic design students prefer
to acquire new knowledge.

2. Method

Although some researchers consider the idea of learning styles a contested notion [FBO5, p.58], more
than 70 learning style models are described [CMHEO4] with Kolb [Kol84], Honey and Mumford
[HM92], Myers-Briggs [BMQH98], and Felder and Silverman [FS88] being the most commonly used.
Each proposes different classifications and descriptions of learning styles.

This paper uses the Felder-Silverman learning style model (FSLSM) developed in 1988 [FS88] and
updated in 2002. FSLSM is widely used in scholarly literature within science, technology, engineering,
and mathematics (STEM) fields; thus, there is a large pool of studies to compare the findings against.
The learning styles defined in FSLSM can be identified using the Index of Learning Styles (ILS©)
questionnaire [FSO0]. ILS© is an often used and well-investigated instrument generally considered
reliable across disciplines [FGO7, ZWAOQO, ZywO03]. ILS© is available as a free online test, which makes
it easy for educators to deploy and interpret. This also allows researchers to verify and extend the
results reported in this paper. While other studies on how graphic designers learn focus on
qualitative, holistic, and procedural aspects [Cro82, Law05, Sch83], the combination of FSLSM used in
conjunction with ILS© provides a quantitative, utilitarian lens through which to consider the ways
students prefer to acquire knowledge.

Compared to other learning style models, which tend to classify learners into a few groups, FSLSM
allows for a more nuanced profile by placing the learner on a scale between two contrasting poles
across four dimensions. Each dimension can be summarized as follows [FSO5]:

e “sensing (concrete, practical, oriented toward facts and procedures) or intuitive (conceptual,
innovative, oriented toward theories and underlying meanings);

e visual (prefer visual representations of presented material, such as pictures, diagrams, and flow
charts) or verbal (prefer written and spoken explanations);

e active (learn by trying things out, enjoy working in groups) or reflective (learn by thinking things
through, prefer working alone or with one or two familiar partners);

e sequential (linear thinking process, learn in incremental steps) or global (holistic thinking process)."

Moreover, FSLSM is based on tendencies, indicating that learners, despite exhibiting a preference for
a certain behaviour, can sometimes act differently.

3. Study
The study was conducted between May 2015 and May 2018. A total of 77 bachelor-level graphic
design students participated: 41 males and 36 females, with ages varying between 19 and 35 years
(median 25 years). All students were enrolled in introductory Creative Coding classes at The Danish
School of Media and Journalism (DMJX). The study and the purpose were explained to the students,
who were then asked to complete the ILSO online questionnaire and submit the results. Upon
completion, students were briefed about the ILS© learning modalities to allow them to make use of
their test scores.

The data collected was entered into Microsoft Excel and analyzed according to instructions given
in [FSO5, p.105]. Statistical analysis against the chosen comparison studies was not possible due to
lack of exact data provided.



Active / Reflective

Figure 1: Active-Reflective distribution of the respondents.

Sensing / Intuitive

Figure 3: Sensing-Intuitive distribution of the respondents.

4. Results

Figures 1-4 depict the accumulated results of all
four dimensions. The left side of each dimension
pair is presented as a negative value, and the
right side is positive, the encoding being from -
11 to +11 in odd numbers. Following the
encoding procedure described in [FSO5], Table 1
lists students’ cumulative results arranged
according to the strength of their preference as
either strong (+11, £9), moderate (7, +5) or mild
(3, £1). Furthermore, results are also expressed
percentage-wise in Table 2, row A, to make them
comparable with results reported in other
studies.

The 77 graphic design students who
participated in the study were characterized by a
majority of highly visual, active, intuitive types
with a fairly balanced number of sequential and
global learners. Remarkably, looking at the
VIS/VRB dimension, 82% of the students were
moderate or strong visual learners. A majority of

Visual / Verbal
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Figure 2: Visual-Verbal distribution of the respondents.

Sequential / Global
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Figure 4: Sequential-Global distribution of the respondents.

Active / Reflective | Moderate-Strong Active 39%
Mild 52%
Moderate-Strong 9%
Reflective

Sensing / Intuitive | Moderate-Strong Sensing 14%
Mild 46%
Moderate-Strong Intuitive | 40%

Visual / Verbal Moderate-Strong Visual 82%
Mild 18%
Moderate-Strong Verbal 0%

Sequential / Global | Moderate-Strong 9%
Sequential
Mild 76%
Moderate-Strong Global 15%

Table 1: Strengths of preferences.

visual learners was anticipated as most people prefer to learn this way, but for students enrolled in a

design school, the ratio was hypothesized to be more pronounced, and indeed, only one student
showed a mild preference toward verbal instruction. In dimension SEQ/GLO, students were more
diverse. Median value resided at 1, indicating that most students had a mild preference for both. A
quarter of the students (24%) showed a moderate to strong preference towards either sequential
(9%) or global (15%) learning. Similarly, in dimension ACT/REF, students exhibited a wide spread in



their preferred learning style. The median value was -3, suggesting that the majority of students
(52%) had a mild preference toward active learning. Of students showing a moderate to strong
preference in this dimension, more were active (39%) than reflective (9%). On the SEN/INT
dimension, nearly half the students (46%) had a mild preference for either type, with an almost equal
number of students (40%) having a moderate to strong preference toward intuitive learning.

4.1 Results compared to other disciplines

To put the results into perspective, a number of studies reporting ILS© scores across different
disciplines (Table 2, rows B-H) have been used as a comparison. The studies have been selected with
a desire to eliminate any skewing in the results relating to geocultural differences in teaching and
learning styles.

A cross all four FSLSM dimensions, results in this study correspond well with results obtained by
Kolmos & Holgaard [KHO8], who examined, among others, students studying Architecture & Design.
This is considered indicative of a correlation between the disciplinary kinship and the students’
learning profile. A considerable difference is found in dimension SEN/INT, where students in design-
related studies A and B are mostly intuitive learners, directly opposed to students in technical-
related studies C-G, who are mostly sensing learners. On the VIS/VRB dimension, graphic designers
are generally more visual learners than students in technical fields. In fact, this study represents the
highest percentage of visual learners compared to other known studies using ILS©. However, the
informatics engineering students in study G show a similarly high preference toward visual learning,
thereby debunking the idea that studies situated within the field of Art and Design will implicitly
have a significantly larger population of visual learners in a cohort of students. Compared to the
many (mostly technically oriented) studies summarized in study H, graphic design students at DMJX
are almost exclusively visual (99% vs. 82%), global rather than sequential (44% vs. 60%), intuitive
rather than sensing (32% vs 63%), and increasingly active (77% vs 64%) learners.

5. Implications for educators

Assuming that the learning style profile of the graphic design students at DMIX is representative of
graphic design students in general, several insights can be gained from interpreting the results using
the updated Felder & Silverman teaching style model [FS88] and Felder & Soloman learning styles
and strategies [FSOO0]. In the following paragraphs, these insights have been converted into specific
recommendations to inform educators and help them plan Creative Coding courses aimed at graphic
design students.

Field Institution Act Sen Vis Seq N Ref
A Graphic Design The Danish School of Media and Journalism 77% 32% 99% 44% 77  This study
B Architecture & Design Aalborg University 79% 38% 96% 32% 77 [KHO8]
C Computer Engineering & Science  Aalborg University 71% 69% 81% 47% 70 [KHO8]
D Mathematics Aalborg University 50% 71% 79% 57% 14 [KHO8]
E Computer Science Lappeenranta University of Technology 62% 69% 73% 41% 118 [AS10]
F Information Systems Massey University & Vienna University of Technology 57% 58% 87% 56% 207  [GVLKO7]
G Informatics Engineering Polytechnic Institute of Coimbra 64% 61% 96% 74% 173 [GM10]
H Multiple Fields Multiple Institutions 64% 63% 82% 60% 2506 [FSO5]

Table 2: Learning Style preferences found in this study compared to those reported in similar studies.



An overwhelming majority of students will have moderate to strong visual preferences. This
emphasizes a need for teaching materials, demonstrations, and assignments to be highly visual.
Students will not respond well to verbal instructions (i.e., passive auditorium lectures). To help
students develop mental models of abstract programmatic constructs, they must be supported by
visualizations [Pan16] or metaphors drawn from their pre-existing domain-specific knowledge (e.g.,
using nested for-loops to generate a 2D grid of shapes). Working processes should be presented
whenever possible. Live coding is one particularly useful way to accomplish this that holds many
benefits [BW18]. Another way to make teaching more visual is by incorporating premade interactive
and editable code examples for the students to explore. This will give students an opportunity to
learn programming by forming and testing ideas through immediate visual feedback.

Most students will have a mild sensing/intuitive preference, with an almost equal number of
students being strong-moderate intuitive learners. Still, a sizable minority of students have sensing
preferences and must be considered. It is essential that both types be catered to and that
corresponding measures be taken when designing the course material. Educators should alternate
between instructional methods best suited for each type, or, alternatively, introduce two parallel
tracks in both teaching and assignments. For example, assignments could be designed to have a fixed
goal but allow for two different ways of arriving at a solution: either through experimentation and
novel use of new techniques to accommodate the intuitors, or through stepwise instructions that
incorporate the use of memorized knowledge to accommodate the sensors. The formal and
structured nature of programming implies that students must be presented a certain number of facts,
but such sessions should be kept at a minimum. Also, the students’ general bias towards intuitive
learners instills hope in the sense that they should be able to cope with the abstract and
mathematical concepts within programming — worth addressing at the beginning of the course to
help alleviate any premature code-induced anxiety among the students.

A majority of students having a mild sequential/global learning preference indicates that
educators must prepare themselves to help both sequential students who learn in linear steps and
global learners who learn in large jumps. Educators must be careful to provide the big picture and
relate it to previous knowledge before diving into the details, without missing a step in their
explanation. In graphic design education, programming is not an objective in itself; it is a means to
achieve a higher purpose, namely that of crafting visual output. Therefore, educators must relate
every programming concept to the broader context of the students’ study and future vocation.
Sequential learners might regard assignments and exercises as individual activities, whereas global
learners must be reassured that the tasks they are asked to solve will eventually form a coherent
body of knowledge and skills. Finally, it might be helpful to explain to global students that they
should not be discouraged from feeling "in the dark" when they compare themselves to their
sequential classmates — they are both making progress, but their learning takes place differently.

Active learning is preferred by most students; however, as this is only a mild preference, teaching
initiatives that call for reflective activities should also be integrated. Pair-programming is suggested
as a good teaching practice [BW18], but it might be transgressive to students who prefer to quietly
reflect in order for learning to stick. The wide spread in the results suggests that students should be
given the option to either work in pairs or work alone, depending on their personal preference. Active
learners, who prefer to try things out and learn from experience, should be given objects to form a
basis for their discovery. These objects might be inspirational visual material, premade code snippets,
or a set of digital assets to use. To support reflective learners, educators should consider supplying
additional explanatory tutorials and demonstrations, preferably as video/animations to cater to the
students’ visual preference. These could be viewed by students at their own pace as many times as



needed until they grasped the topic presented. Not only would this leave the educator free to attend
to other tasks, it might also encourage students to persist in seeking an answer.

Further implications are suggested by Silverman [Sil02], co- developer of FSLSM, who later
extended her research based on brain research and clinical observations. Considering the results
obtained in this study, the majority of graphic designers at DMIX fit Silverman’s description of "Visual
Spatial Learners”: "They learn better visually than auditorally. They learn all-at-once, and when the light
bulb goes on, the learning is permanent. They do not learn from repetition and drill. They are whole-part
learners who need to see the big picture first before they learn the details. They are non- sequential, which
means that they do not learn in the step- by-step manner in which most teachers teach.”[Sil02]

Silverman points out that visual-spatial abilities (associated with graphic design) are the domain of
the right brain hemisphere; sequential abilities (associated with programming) are in the domain of
the left brain hemisphere. Teaching programming to graphic designers, in other words, becomes a
cross-hemispheric endeavor that requires educators to consider initiatives meant to access the left
brain in addition to their regular mainly right-brain- oriented teaching activities. Suggested activities
to stimulate the students’ left brain hemispheres are verbal walk-throughs of algorithms, tests that
involve math and logic, quizzes, and code- related puzzles (e.g., Parsons problems [PHO6]).

6. Conclusions

The learning style profile of graphic design students at The Danish School of Media and Journalism
(DMIX) differs noticeably from that of students in technical fields. Graphic design students have a
more pronounced preference towards an intuitive learning style, they are virtually exclusively visual
learners, and they more strongly prefer active learning. These findings suggest that courses
developed to fit the learning style profile of students in technical fields will fail at matching the
preferred learning style of graphic designers. This implicitly underlines the need to develop
customized programming courses and accompanying instructional methods for use in design schools.

During the study, preliminary results continuously informed the instructional design of the course
the profiled students were enrolled in, leading to the development of a pedagogic method
specifically made to suit the learning style profile discussed in this paper. Experiences employing this
method are reported in [Han17].

The size of the population tested (N=77) is sufficient to render the study valid for comparison with
similar studies. However, to determine a broadly anchored learning style profile of graphic designers
requires similar data to be collected by administering the ILS© to graphic design students in other
design schools. This could be taken up as further research in this field.
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Abstract

This paper proposes, describes and exemplifies a hands-on, experiential pedagogic method,
deconstruction/reconstruction, specifically designed to introduce graphic design students to
programming in a visual context. The method uses pre-existing commercially applied graphic design
specimens as its main material to contextualize programming into a domain familiar to the audience.
Observations of the method used in teaching are discussed, and its potential evaluated based on
feedback provided by the students.

1. Introduction

Being code-literate is considered a crucial ability in today’s society. Permeating through all parts of
contemporary culture, this view is also influencing the education of graphic designers, prompting
students to recast their existing skills to fit the medium of the code and educators to develop new
courses that help build this literacy [1, 2, 3]. However, most graphic design students perceive
programming as an abstruse skill they will never be able to master, and have a hard time trying to
connect the activity of programming with the essence of their profession; crafting visual artifacts.
Although many attempts have been made to teach programming to a visually oriented audience,
most of them use seemingly random layouts, bouncing balls or simple characters in monochrome
color schemes (e.g. [4, 5, 6]) to illustrate programmatic principles. To an audience, who equate a lack
of aesthetics with a lack of relevance, neglecting the importance of the visual quality causes them to
lose interest. To encourage graphic designers to explore programming as a creative tool, it is vital that
new teaching strategies be developed, tailored to fit how this specific audience acquires new
knowledge. In a contribution towards building computational literacy among graphic designers, this
paper proposes and describes a hands-on experiential pedagogic method, deconstruction/-
reconstruction, specifically designed to introduce programming in a visual context.




2. Background and influences

For nine years | have taught introductory programming classes to undergraduate graphic designers at
The Danish School of Media and Journalism. During this time, | have observed some recurring critical
issues that negatively affect student retention, engagement, and learning outcome:

Students find it hard to relate the activity of programming to their line of work.
Students feel intimidated by the prospect of working with mathematics, logic, and
structure.

Students respond poorly to a lack of aesthetic quality in the output produced by their
code.

Students are easily distracted when asked to consider aesthetic issues. They quickly
obsess over design-related issues, forgetting that their primary goal is to learn how to
program.

Students lack a starting point for their knowledge construction. As novice programmers
they spend their time in the bottom half of Anderson and Krathwohl's Taxonomy [7], not
yetin a position where they feel confident about programming to be creative with it.
Students respond negatively to passive auditorium lectures and abstract, verbal
explanations.

Students are deterred by strange syntax and indecipherable error messages.

Seeking to alleviate these issues, | decided to develop a new pedagogic method specifically tailored
to accommodate the learning needs of my students. To inform the design of the method, |
summarized my observations into a set of guidelines:

The link between programming and crafting of visual artifacts must be clearly visible.

The output of the programming exercises must be visual

The output must possess an aesthetic quality that makes it useful and sellable at a
professional level.

Students must be given an "object-to-think-with" [8], a cognitive artifact to serve as a link
between their pre-existing internalized mental structure ("how to create graphic design")
and the formation of new abstract knowledge ("how to program").

Students must be given a fixed goal to provide a clear focus. Also, a fixed goal can serve as
3 measuring stick allowing students to continuously evaluate their progress.

Students should not be asked to consider aesthetic issues to keep them focused on
learning how to program.

Mathematics, logic, and structure should only be taught when the students encounter a
need for it, preferably by letting the students investigate the topic themselves, guided by
the educator.

Students must be given the same material to encourage sharing of knowledge and
discussion around a common base.

Students must be actively engaged in the task of programming to build hands-on
experience.

Students must work in a programming environment that provides a low threshold (easy
entry to usage for novices), high ceiling (powerful facilities for sophisticated users), and
wide wall (a small, well-chosen set of features that support a wide range of possibilities)

[9]



| chose to build the method around the recreation of pre-existing design specimens. This decision
resolved several issues at once: It established a direct link between programming and design,
introduced a relatable "object-to-think-with" that doubled as a fixed target, thus eliminating the risk
of students losing focus by being having to make aesthetic choices.

Constructionism was chosen as the theoretical foundation of the method. Among other things,
constructionism let students use the information they already know ("how to create graphic design")
as a foundation for acquiring more knowledge ("how to program") in a different domain. Also,
constructionism holds that learning happens most effectively when students are active in making
external artifacts they can reflect upon and share with others. Finally, constructionism prescribes that
the educator must take on a mediational role as opposed to an instructional role, assisting students
to individually understand problems in a hands-on way.

Guzdial [10, 11] suggest that teaching programming needs to be contextualized and meet the
needs of the learners. The target audience is intended to merely be “"programming tourists,” [12], thus
a rigorous adherence to “correct” Computer Science terms was abandoned in favor of a terminology
that better helped students build cognitive models of programmatic principles. Another key factor in
favor of contextualization is to make apparent the usefulness of programming in the student's
profession.

A term introduced by Papert [8] and later popularized by Wing [13], Computational Thinking deals
with thought processes involved in formulating a problem and expressing its solution(s) in such a way
that a computer—human or machine—can effectively carry out[14]. Key principles in Computational
Thinking are:

e Decomposition (breaking down a complex problem into smaller, more manageable parts)

e Pattern recognition (looking for similarities among and within problems)

e Abstraction (focusing on the important information only, ignoring irrelevant detail)

e Algorithms (developing a step-by-step solution to the problem, or the rules to follow to
solve the problem).

These principles influenced the design of the method and are embedded in the activities therein.

Finally, the work of Stahl[15] also informed the design of the method. According to Stahl,
transforming tacit preunderstanding into a computer model happens in a series of successive steps.
In his discussion, Stahl, among other things, suggests a taxonomy of classes of information [15, pp.
178-183]. This taxonomy greatly inspired the design of the method to be a number of sequential
steps divided into two distinct phases.

3. Method described

The deconstruction/reconstruction method consists of two successive phases, deconstruction, and
subsequent reconstruction. Each phase has three steps. Activities associated with each step are
briefly described in figure 1. A detailed account of how the method is applied in practice is given in
section 4 of this paper.



Phase | Step | Activity Material | Domain

1 SELECT Graphic
Choose a pre-existing graphic design product specimen to be i
deconstructed from the sample set provided by the course
instructor.

2 DESCRIBE
Make detailed notes about immediately visible visual components,
e.g., shapes, typography, colors, scaling, rotation, grids, rhythm,
and repetitions.

Deconstruction
Paper and pen

3 ANALYZE
Identify and formalize invisible components, e.g., interconnections,
math, logic and rules required to control the design system and
make it behave as desired.

4 CONVERT
Convert notes from steps 2 and 3 into code that replicate the
chosen specimen. Use the original specimen as a visual reference
to guide and evaluate the process.

5 EXPLORE
Modify the variables in the design system to create alternate
versions of the original specimen.

6 TINKER
Modify (and possibly break) the code to create radical mutations of Computer
the original specimen. Science

Reconstruction
Code

Figure 1: Schematic overview of the deconstruction/reconstruction method.

The purpose of the deconstruction phase is to keep the students in their comfort zone by letting
them rely on their pre-existing knowledge of graphic design principles and terminology to
deconstruct an existing design product to form the basis of the reconstruction phase. The purpose of
the reconstruction phase is to let students discover programming as a practical craft acquired by
incremental conversion of their notes from the deconstruction phase into code, thereby constructing
3 self-contained design system capable of reproducing the chosen specimen and acting as a platform
for playful discovery through manipulation of variables and the code itself.

As the student completes each step, he/she gradually shifts from using their existing skills in a
familiar domain (Graphic Design) toward acquiring new skills in an unknown and unfamiliar domain
(Computer Science).

Material

As its main material, the method uses pre-existing commercially applied graphic design specimens.
Examples of these are posters, packaging, logos, typography, signage, bank notes, stamps, etc.
Specimens are handpicked by the teacher based on their ability to be deconstructed, meaning that
they must exhibit distinct visual characteristics indicating that an underlying system or set of rules
has played a key role in their creation. Specimens should be easily replicable using geometric
primitives, basic linear transformations (e.g., translation, rotation, scaling) and control flow statements
(e.g., decision-making, looping, branching). A selection of suitable specimens that meet these criteria
is shown in figure 2 to provide an idea of the visual genre.
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Figure 2: A selection of specimens suitable as material for the method. Figure 3: Poster by Enzo Mari (1963).

4. Method exemplified

In this section, the activities associated with each step of the deconstruction/ reconstruction method
are discussed using Enzo Mari's 1963 poster "Arte Programmata: Kinetische Kunst" [16] (figure 3) as
example. Processing [17], a popular Java-based language for learning how to code within the context
of the visual arts, is used as the programming environment.

Step 1: Select
Guided by his subjective aesthetic preference, a student, Peter, chooses the Arte Programmata poster
from the set of specimens provided by the teacher.

Step 2: Describe
Taking notes using pen and paper, Peter describes the poster's immediately visible components:

e '"The poster is portrait format."

e '"The background color is brown."

e '"The upper part of the poster contains one 5x5 grid of black squares with inset spacing
taking up the entire width of the poster excluding a border margin."

e "Each black square contains one white square of varying size."

e '"The white squares increase then decrease in size while forming a spiral pattern.”

e '"The white square is fixed to the lower right corner of the black square."

e '"The lower part of the poster has a white all-caps title spanning the entire width of the
poster excluding the border margin + an additional black text setin a small font size
aligned to the left."

e "Separating the 5x5 grid and the typography is a small white logo aligned to the left."

Peters observations are described using graphic design terminology familiar to him. Embedded in his
description are clues about features that he must consider in his code (e.g. "square," "grid," "border

margin," "inset spacing".)



Step 3: Analyze

Still using pen and paper as his material, Peter identifies and formalizes the underlying math, logic
and rules needed to construct the poster. In the previous step, Peter loosely described a spiral
pattern of oscillating white squares. In this step, he must make additional considerations to explicitly
describe this spiral pattern: Is it rotating left, or right? Does it go inside out or outside in? Where are
its starting and ending points? Also, looking at the oscillating squares: How many oscillations? What
are the minimum and maximum size? What principle is used to calculate the rate of change in size:
Sine waves? Linear interpolation? Exponential change? These observations do not translate into
simple built-in commands. They require rules to be established and algorithms developed. To
formalize a thing like oscillation, something that is otherwise easily (but imprecisely) verbalized,
Peter is forced to look into mathematics of oscillating functions, realizing that even a seemingly
simple thing like oscillating movement can be accomplished using many different techniques all of
which ultimately affect the visual style of the output. No code is written yet, although, during his
research, Peter comes across a pseudocode spiral algorithm that helps him understand how spiral
patterns are constructed in a two-dimensional grid.

Step 4: Convert

In this step, Peter launches Processing, as he transitions from paper and pen to code. By using his
notes from previous steps as starting point, Peter gets an idea of what his program must contain and
do. Sampling the original artwork, he converts colors from broad descriptions to specific color codes
("Brown" = #5A4531, "White" = #F7F1E5 and "Black" = #000000). Squares are drawn using the built-
in rect () command. The 5x5 grid is constructed using two nested for ()-loops representing x-
coordinates and y-coordinates respectively. To correctly place the black and white squares, functions
like pushMatrix () and popMatrix() in conjunction with translate() is used. Investigating the
sin()-function, Peter chooses a sine wave moving from O to = to achieve the oscillating white
squares. In search of @ way to mimic the spiral pattern, Peter modifies pseudocode found online to fit
his needs. The typography can be made either as text or inserted as an image. Painstakingly
recreating complex typography letter by letter serves no point; also, students might get distracted
from programming when trying to correctly identify, download and install the font. Therefore, in this
example, Peter was asked to simply cut out the original typography as a separate image using
Photoshop and insert it into his program as a static image. As Peter converts his notes from steps 2
and 3, he gradually constructs a program capable of recreating the original specimen. Besides acting
as an "object-to-think-with," the original poster also doubles as a visual reference used by Peter to
measure his progress and evaluate the behavior of his program.

Step 5: Explore

In this step, Peter must produce alternative versions of the original poster without modifying his
code. By only changing variables, in this particular case using Processings "Tweak Mode," instant
feedback is provided allowing for real-time exploration of the solution space inherently described by
the code. A set of Peter’s possible alternatives to the original specimen, obtained by tweaking the
variables in his code, can be seenin figure 4.
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Figure 4: Alternative versions obtained by tweaking variables.

Step 6: Tinker

Having gained an understanding of the "mechanics" of the code, Peter begins modifying the code
itself. Now, more radical solutions emerge. The result of Peters' tinkering with his code as well as
continued tweaking of the variables can be seen in figure 5.
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Figure 5: Alternative versions obtained by modifying code and tweaking variables.

5. Method used in teaching
| used deconstruction/reconstruction method in two introductory programming courses taught at The
Danish School of Media and Journalism. Participants were classes of 20-24 undergraduate graphic
design students (ages ranging between 21-33 years, 50/50 gender ratio) with little to no prior
programming experience. The aim of the courses was to equip the students with sufficient cognitive
and practical skills to enable them to conceive and execute custom made code-driven design
systems. The deconstruction/reconstruction method was used as a recurring daily exercise in the first
week.

As prescribed in the method, | chose a sample set of 20 pre-existing graphic design specimens
from a curated collection [18]. The entire set of specimens made available as handouts and digital
files to the students is shown in figure 6.
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Figure 6: The collection of chosen specimens taped to the blackboard in the studio provided a quick visual overview.

Step 1: Select

Initially, choosing a specimen was a simple matter of personal preference and daily mood. Later, the
students’ choice was influenced by their newly acquired skills. If they had learned how to make a
two-dimensional grid, students tended to choose a specimen that would allow them to reuse this
programmatic feature in addition to posing a new challenge.

Step 2: Describe

The students felt confident as they began to describe their chosen specimen. Trained observers of
graphic design, students had few problems describing the immediately visible components. Perhaps
overly confident in their own ability to memorize their findings, | found it necessary to stress the
importance of noting all observations on paper. Students spontaneously developed the habit of using
Photoshop's eraser and cloning tool to remove all design components besides the background and
typographic elements. This provided an authentic background to import in step 4 to make the output
look almost identical to the original specimen.

Step 3: Analyze

Students began leaving their comfort zone when asked to explicitly describe the math, logic, and
rules of their chosen specimen. Certain relations and behaviors were easily described using basic
mathematical principles (e.g., sine/cosine, Pythagoras, linear transformations) while others relied on
formulas or phenomenon one could not expect the students to know beforehand (e.g., Fibonacci
series, recursion, moiré). | assisted the students in researching any formulas or techniques they might
need to recreate the specimen, being careful not to provide explicit answers. This step provided a
great opportunity to for the students to practice and utilize Computational Thinking principles as
discussed in section 2 of this paper.

Step 4: Convert

Launching Processing and converting notes into code, students gradually discovered how variables,
arrays, functions, classes, as well as other programmatic building blocks, helped them extend their
static system to become a fully functioning, dynamic system capable of replicating the original
specimen. This step was — without a doubt —the most challenging step for the students. They spent



the majority of the time working on the daily assignment completing this step, slowly grasping
programming logic, structure, looking up syntax in the language reference, and tracking down bugs.

Step 5: Explore

In this step, students used Processing’s ‘Tweak Mode' to manipulate variables with instant visual
feedback. They would bend, stretch and inevitably break their programs. Immersing themselves in
playful experimentation, students kept generating new variations from the seemingly infinite number
of possibilities, always curious to discover what output their system would generate next. Students
were asked to capture a visual log of their progress to show the extent of the visual diversity that
their system was capable of producing. Examples from a students' visual log are shown in figure 7.
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Figure 7: A students attempt at recreating the original specimen (big image, left) [1 9] using code, and his
subsequent experiments modifying the identified variables and the code itself to produce radically different
versions (small images, right).

Step 6: Tinker

Spurred on by their active experimentation in step 5, students began to modify the code itself.
Through this process, students discovered that code, although immaterial and intangible, still possess
plasticity and is highly malleable. Their confidence in their abilities grew, and this kind of tinkering
and hacking was encouraged to support their urge to experiment. This step gave occasion to discuss
topics like version control, optimization and advanced debugging.

Most students managed to work through steps 1-6 in one day (= 7 hours of scheduled and
supervised studio time). On a few occasions, students gave up trying to complete the daily
assignment. This was mainly due to issues arising in step 4 as a result of their lack of experience.

True to constructionist learning theory, students were asked to share their experiences with fellow
students, currently trying to solve the same specimen. This had them verbalize and explain how they
had arrived at a solution, further anchoring their understanding of what they did.

6. Concluding remarks

In this paper, a pedagogic method for teaching graphic designers’ programming in a visual context
has been outlined and put into practice. Supported by an overall positive student response
expressed in follow-up plenary interviews, the method appears as a promising way of introducing
graphic design students to programming in a visual context.

83



The idea of contextualizing programming using pre-existing graphic design specimens was well
received. Students entered their programming course with skepticism and anxiety but introducing the
deconstruction/reconstruction method and explaining how it relied on familiar and well-known
material defused the student's immediate aversion to code. The students also appreciated being
given a real-life case as a starting point and step-by-step method to guide their learning process.

Though praised by the students, it can be argued, that repetitiously remaking work done by other
graphic designers does not stimulate them to synthesize their knowledge into new independent
creations. While this might be true, the deconstruction/reconstruction method is primarily designed
to keep students engaged and motivated while introducing them to the nuts and bolts of
programming. If students, by the rote learning and repetitive practice implicitly inscribed in the
method, manage to cognitively link visual patterns with basic programmatic techniques, they have
established a solid basis for taking full advantage of the creative potential of computational mediain
their future line of work.

To further put the social and learning-through-sharing ideas of constructive learning theory in play,
one possible future improvement would be to make the deconstruction phase group-based to incite
discussion and make problem-solving a more verbal exercise. Moving to the reconstruction phase,
shifting to individual work will still allow for a personal hands-on experience with programming.
Having multiple students working individually in parallel to implement a jointly deconstructed
specimen will further increase the chances of students helping and learning from each other.
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CHAPTER 8: CONCLUSIONS

In this chapter, | revisit my research questions, answering each of them
individually. | aggregate the cumulative knowledge acquired during my
study and distill my findings in a list of pragmatic and applicable
heuristics. After discussing both theoretical and practical implications of
my research, | suggest future research to be conducted.

8.1 Introduction

Having arrived at the conclusion to the dissertation, | will now revisit my research questions. | had
one overarching research question (RQ) which | chose to sub-divide into three specific research
questions (SRQs). The SRQs were investigated in the three separate papers presented in the previous
chapters, each of which offered a conclusion on the performed study. Although not explicitly
mentioned within the papers themselves, several underlying hypotheses (sections 3.5.1-3.5.3)
provided the motivation behind them. In the following section, | will either refute or support these
hypotheses based on the findings highlighted in each paper.

An answer to the dissertation’s main RQ results from looking at the answers to the SRQs in unison.

8.2 Answering research questions

8.2.1 SRQ1: How is Creative Coding currently taught in graphic design education?

Based on an in-depth, comprehensive, quantitative analysis (chapter 5) of Creative Coding syllabi, |
concluded that the planning for the majority of introductory programming courses currently taughtin
graphic design schools is mainly guided by the technical properties and affordances of the chosen
programming environment. This techno-centric perspective involuntarily establishes a hierarchy in
which topics relevant within graphic design are considered subsidiary to those of computer science.
Moreover, this code-first-design-second perspective causes issues that arise as a result of either
ignoring, underprioritizing, or skewing the needs of graphic designers so that they can be answered
using a certain pre-chosen programmatic construct.

Further negative consequences of the current practice include (but are not limited to):

e requiring compatibility with rigid institutional class scheduling, which causes most courses to be
taught through passive lecture-style classes once or twice a week. Instructional strategies like
blended learning and flipped classrooms are only sporadically employed as a way to combat the
prevalent didactic teaching.

e placing disproportionate emphasis on programming, which forces graphic designers to recast and
restrain their pre-existing, domain-specific skills to fit the programming languages.



o offering inadequate explanation in most courses of how graphic designers will recognize,
utilize, extend, and augment their pre-existing, domain-specific skills.

» failing to connect the activity of programming with the graphic design student’s future
vocational occupation and production of visual artifacts for use in commercial contexts.

e omitting metaphors for relating programming concepts to well-known graphic design
concepts, which provides little help to students in their cognitive model-making.

o insufficiently recognizing and using visual aesthetics as an important motivational factor.

e failing to explore media-specific computational aesthetics, which discourages students
from cultivating new forms of visual artifacts.

e ignoring fundamental graphic design methods (e.g., typography, color mixing) either due
to the non-design educator’s ignorance or because it is deemed impossible to exercise
them with a desired level of finesse due to a coarseness and lack of supporting options
within the chosen development environments.

e not paying enough attention to debugging strategies and troubleshooting, which results in
an inability to identify and solve problems, causing frustration and discouraging students
when they become stuck doing their homework assignments.

Overall, I have concluded that there is an urgent need to put graphic design theory and practice
first and subsequently introduce programming concepts as needed. | consider this approach to be
essential for effectively promoting and embedding programming as an established practice in
graphic design education.

The hypothesis for this specific research question was that contemporary Creative Coding courses
are mainly taught using a computer science approach that is not beneficial to graphic design
students. | consider the hypothesis to be supported.

8.2.2 SRQ2: How should Creative Coding be taught to accommodate how graphic design students
learn?

As observed in SRQ1, a code-first approach is used by most design educators to inform and guide the
planning of their Creative Coding courses. This entails course structures originally intended for a non-
design audience being transferred to graphic design students in a form that has only been
moderately adapted. | was interested in investigating whether there were any notable differences in
the learning style profile of graphic design students and students within technical fields. A
quantitative analysis (chapter 6) of Felder-Soloman Learning Style Index (ILS®) questionnaires,
completed by 77 graphic design students, showed that their learning style profile differed noticeably
from that of students in technical disciplines. This implicitly underlines the need to develop
customized programming courses and accompanying instructional methods for use in design schools.
In response, the following specific recommendations were made:

e Teaching materials, demonstrations, and assignments must be highly visual.

e Visualizations or metaphors tied to the graphic design students’ pre-existing, domain-specific
knowledge must be used to help them develop mental models of abstract programming
constructs.

e Live coding and visual demonstrations should be used whenever possible.

e Exercises and assignments should be designed to have a fixed goal but allow for different ways
of arriving at a solution either through experimentation or through stepwise instructions.

e Educators must be careful to provide the big picture and relate it to the students’ previous
knowledge before going into details.



e Teaching must actively engage the students; however, initiatives that call for reflective activities
should also be integrated.

e Students should be given the option to work either in pairs or alone, depending on their personal
preference.

e Students should be given objects to assist their exploratory discovery; this might be visual
specimens, premade code snippets, or a set of digital assets to use.

e Providing additional explanatory tutorials and demonstrations, preferably in the form of
video/animations, is highly encouraged.

e Other suggested activities to support graphic designers in building cognitive models of
programming constructs are verbal walk-throughs of algorithms, tests that involve math and logic,
quizzes, and code-related puzzles.

The hypothesis for this specific research question was that contemporary Creative Coding courses
aimed at graphic designers are not taught in the most optimal way and do not account for how they
learn. | consider this hypothesis to be (partially) supported.

8.2.3 SRQ3: How can graphic design students be motivated and supported as they are introduced
to programming?

This question holds many possible answers. As a deliberate decision, arising partly from my choice of
pragmatism as my paradigmatic stance and partly from the study’s initial call for practically
applicable contributions, | refrained from answering this question by engaging in a broad theoretical
discussion. Instead, | chose to provide one possible answer in the form of a specific pedagogic
method. Through gradual interweaving of the findings from SRQ1 and SRQ2, a contextualized
pedagogic method, deconstruction/reconstruction, specifically devised to teach graphic designers
programming in a visual context was developed and tested. The method relied on familiar and well-
known materials to defuse the graphic design students’ initial aversion to programming. Further
supporting them was a six-step method to guide their learning process.

Though they cannot be claimed to constitute an exhaustive and unified answer to the specific
research question, several partial findings were, however, deduced from the empirically gained
observations made while iteratively testing the proposed method. The following are based on a
summary of these findings and indicate ways in which the learning of graphic design students can be
motivated and supported:

e Planning course structure and content using a design-first perspective (see paper 1, chapter 5)

e Employing instructional strategies that match the students’ preferred learning style (see paper 2,
chapter 6)

e Easing the transition from well-known graphic design domain-specific knowledge to the
unfamiliar and unknown programming domain to avoid abrupt learning barrier thresholds.

e Including real-life cases that involve relatable commercial graphic design products. Such cases
resonate with the students and give them something to aspire to.

e Engaging students in practical hands-on activities to the widest extent possible. Didactic lectures
meant to introduce and demonstrate a given programmatic principle must be kept short or even
possibly replaced by pre-recorded lectures and on-demand instructional material.

e Maintaining a high level of aesthetic quality in instructional material, exercises, and assignments.

e Emphasizing utilitarian value to help establish a direct link between programming and the
students’ primary field of study.



e Making programming a social activity that involves the creation of shareable visual artifacts
which, when presented, can spark discussion and admiration among the students.

e Establishing a fear-free environment and relieving any initial anxiety felt by the students.
Typically, this involves a reassurance that the quality of their code will not affect their grade and
that failure to successfully complete an assignment is allowed, provided that a persistent attempt
was made.

e Providing a step-wise method to guide the students’ progression towards the fixed goal.
However, it must be emphasized that students are free to deviate from—or even abandon—the
method to arrive at the fixed goal through individual and alternative paths.

e Limiting the students’ creative freedom by providing fixed goal and associated assets as a
deliberate strategy to prevent opportunities for making aesthetic decisions from derailing
students’ focus on learning to program.

e Providing a shared pool of assignments—all to be solved but in no particular order—as a way to
promote and encourage knowledge-sharing among students.

e Focusing on building students’ competencies in bug tracking and problem identification
strategies to enable them help themselves when they get stuck.

The hypothesis for this specific research question was that contextualizing programming to fit the
students’ predominant learning style and pre-existing, domain-specific skills would improve the
graphic design students’ motivation and desire to learn programming. Additional studies on
contextualized pedagogic methods for use in graphic design education are required to either refute
or support this hypothesis.

8.2.4 RQ: How should programming ideally be taught to graphic designers to account for how they
learn and how they intend to integrate programming into their vocational practice?

Providing a succinct answer to the study’s main research question can be done by synthesizing the
answers given to the three specific research questions. However, it is important to stress, that due to
the open-ended nature of the research question, the answer provided in this dissertation is not to be
seen as the only true answer, rather as one possible answer arising from the findings accounted for in
the research papers and outlined in the sections above.

Recapitulating this study’s conclusions into one condensed paragraph, a broad answer to the main
research question is as follows:

Programming should ideally be taught to graphic designers as a studio-based social activity
practiced in a safe environment using relatable metaphors, familiar materials, visual examples,
and live, interactive demonstrations. Courses should be planned utilizing a design-first
perspective to allow the graphic design students to use their pre-existing, domain-specific skills
to leverage their acquisition of programming knowledge and relate it to their vocational
practice. Ideally, flipped classroom and blended learning instructional strategies should be used
advantageously to move transferable knowledge out of the classroom, allowing instead for
contact time being used to engage in plenary discussions, presentations, troubleshooting, and
transfer of tacit knowledge through experiential, hands-on discovery learning. Assignments
should be available in varying difficulties, solvable individually or in pairs/groups, provide a
fixed goal, include premade assets, and limit the need for aesthetic decisions to ensure students
stay focused on learning to program. Also, assignments should have a clear utilitarian purpose
within a graphic design workflow and mimic restrictions found in the professional industry.



8.3 Theoretical implications

As a whole, this study extends a line of research (Amiri 2011; Tober 2017; Maeda 2002; Freyermuth
2016; Tober 2012b; Pettiway 2012) that emphasizes the importance of introducing programming as a
core part of the graphic design curriculum. More specifically, the study makes two major
contributions to the literature on programming in graphic design education. First, it introduces two
opposing approaches to planning Creative Coding courses: code-first versus design-first.
Understanding the distinction between these approaches and what they each entail will help inform
and clarify the ongoing debate. Second, it determines the differences in the way graphic designers
prefer to learn compared to students in technical disciplines. This knowledge must be considered by
researchers who seek to contribute to the epistemological framework for teaching programming to
visually inclined non-programmers that is currently missing from the literature.

Findings obtained in this study can encourage and elevate dialogue among researchers, educators,
scholars, and practitioners, mainly within the field of graphic design, but not limited to this. Due to
the multi- and interdisciplinary nature of my research area, this dissertation’s theoretical
contributions are also relevant and useful within many disciplines beyond graphic design (e.g., to
computer science educators who want to teach introductory programming using visual examples, and
to researchers within the field of applied pedagogy investigating pedagogic and didactic measures
related to teaching programming).

8.4 Practical implications

Because it was explicitly stated as mandatory in the call for proposals for this study, arriving at an
outcome that can be put to immediate, practical use has been an aim—as well as a personal desire—
of my research. Hence, this study proposes several initiatives with direct practical implications, of
which the most relevant are discussed below.

The pedagogic method, deconstruction/reconstruction, proposed in paper 3, can be employed as is
in courses that teach introductory programming through visual materials. Though it has been tailored
specifically for use in Creative Coding courses taught in design schools, the method can also be used
by educators within the field of computer science who use art and visual design as contextualized
approaches in their teaching.

Already mentioned as having theoretical implications, the proposed notion of a code-first versus
design-first approach also has practical implications. Bringing this schism to educators’ attention,
enables them to consciously take on and uphold a design-first approach in their planning, in turn
affecting their choice of structure and content and supporting instructional strategies.

The study of graphic designers’ learning style profile and how it relates to programming courses
interprets and convert its findings into a number of practically applicable didactical suggestions.
When implemented by educators, these suggestions will help lower—or entirely remove—
knowledge acquisition barriers that arise from discrepancies in how programming courses lifted from
technical disciplines are modeled and how graphic design students prefer to learn.

Though still far from exhaustive, the heuristics in their present form offer educators who teach
Creative Coding in design schools some much needed guidance to help them critically reflect on and
question their own planning, ultimately resulting in better courses.

8.5 Limitations

As is always the case when coming to the end of a research study, things come to mind that could
have been done differently or should have been included, such as additional perspectives, analyses,



or explanations. Below, | will briefly discuss the study’s limitations and give suggestions for how they
can be overcome.

8.5.1 Paper 1

The study in paper 1 (chapter 5) was limited by the number of Creative Coding syllabi available
online. Peer reviewers suggested that syllabi could be gathered from a defined list of top-ten design
universities; however, this suggestion presents a number of obstacles. First, upon further
investigation, not all of these design schools offer Creative Coding courses. Next, to provide a broad
overview of contemporary Creative Coding courses, | found it necessary to include Creative Coding
courses from trade schools, colleges, and universities as graphic design education is not exclusively
taught at universities. Furthermore, as most of the analyzed courses spanned an entire semester (16
weeks) and were physically located across three continents, it was logistically impossible to attend
the classes to do observation studies. Considering it an alternative approach rather than a limitation, |
acknowledge that a narrower range of courses permitting observational studies would likely yield a
more-detailed and nuanced understanding of how Creative Coding courses are taught.

8.5.2 Paper 2

In paper 2 (chapter 6), 77 graphic design students were profiled using the Felder Soloman ILS®
questionnaire. Compared to other similar studies, the number of respondents qualifies the study as a
valid contribution. However, to make any conclusions regarding the learning style of graphic
designers in general, a significantly larger body of respondents would be required. Also, these should
preferably represent design schools across the globe to account for cultural differences in teaching
and learning style. Additionally, the results obtained in my study could be further strengthened
through statistical analysis; however, this requires access to the raw datasets of the referenced
studies. Although an independent and useful contribution, the quantitative results obtained in the
study must be complemented by qualitative insights from other related studies if the aimis to gain a
broad, holistic, and comprehensive understanding of how graphic designers learn.

8.5.3 Paper 3

Due to the asynchronous development of the paper (described in section 3.6), paper 3 (chapter 7) as
it appears in this dissertation does not include the latest modifications to the proposed pedagogic
method made on the basis of findings in paper 1 and paper 2 as well as the students’ feedback. While
the paper provides a practically applicable method, it is less specificin its description of the
instructional strategies that surround the method. Even though they do not appear in the paper,
several of such strategies are discussed in this dissertation’s roundup of recommendations (chapter
9). Also, the evaluation of the usefulness and efficiency of the method is based solely on qualitative
accounts of the students’ personal experience of working with it and my personal empirical
observations from previous courses where the method was not employed. To thoroughly assess its
effectiveness, the method must be compared against other pedagogic methods for teaching
programming. Also, performing a range of quantitative tests to examine the method's ability to retain,
motivate, and engage the students, as well as teach them fundamental programming skills in a
context that encourages them to pursue programming, will further qualify the method as a valuable
addendum to the graphic design curriculum. Ideally, these tests should also be performed in several
other design schools to ensure a broad coverage in the results obtained.



8.6 Future Research

Building upon the findings in this dissertation, several avenues for future research emerge.

Generally, more initiatives are needed that explore new pedagogic and didactic approaches to
teaching programming to graphic designers. As we continue to develop a better understanding of
how graphic designers prefer to learn (to which paper 2 is making a contribution), we will be able to
refine and optimize our teaching activities and instructional strategies accordingly. The holy grail of
how best to teach programming to graphic designers has yet to be found.

One possible study could involve a detailed examination of how computational thinking (CT)
principles could be contextualized to fit the graphic design curriculum. As the nature of graphic
design is inherently systemic, CT can easily be introduced in classes teaching typography, color
theory, layout, animation, and more. Infusing traditional graphic design subjects with CT, enables
students to construct cognitive models of their acquired skills in a way that is compatible with and
transferrable to code.

A second area of study concerns the role of code in graphic design education. Code can be used in
numerous ways: from quickly sketching ideas, conducting experiments to spark ideas, and providing
single-purpose tools to be used in-house, to providing refined and complex design systems delivered
to a client. A study devoted to developing a deeper understanding of the many ways code can be
used is essential to further justify and integrate code as an integral part of graphic design education.

Another study could focus on developing a generic Creative Coding syllabus specifically intended
for use within graphic design education. Through my study of Creative Coding courses, | observed a
host of useful algorithms, topics, exercises, assignments, pedagogic methods, and instructional
strategies. However, these were wildly scattered and arbitrary, suited to fit the individual courses.
Additionally, my study also revealed an absence of particular content useful to graphic designers. A
systematic synthesization and augmentation of current best practice resulting in a bespoke syllabus
with accompanying teaching materials and assignments would be highly welcomed among educators.

A study to determine if programming should be taught as short, week-long workshops or semester-
long, one-day lectures also seems highly relevant. Currently, most design schools teach programming
as semester-long electives alongside traditional design courses. Other design schools have opted to
introduce programming through intense, week-long workshops with no other concurrent courses.
What are the consequences associated with each approach? Are short, intense courses better at
making learning stick, or is it then quickly forgotten? Do longer courses make learning stick
permanently, despite the students’ inability to devote their entire attention to programming?

A longitudinal study examining how graphic designers adopt programming into their workflow is
also relevant. Teaching designers how to program is only worthwhile if they manage to integrate it
into their everyday practice. Tracking how graphic design students use programming while they are in
school and when they have graduated and entered the graphic design industry can reveal the long-
term effects of programming as a subject taught in graphic design education.

Several interesting future studies can also be derived from the proposed heuristics, as will be
explained in chapter 9.

Finally, other relevant research could include critical studies on how computation contributes to
the evolution of the graphic design discipline, as well as studies to determine the future roles of the
computationally literate graphic designer within the industry.






CHAPTER 9: HEURISTICS

9.1 Introduction

During this research project, | have encountered and absorbed extensive knowledge and gained
invaluable insight through scientific publications, books, informal interviews, classroom experiences,
experiments, discussions at conferences, and workshops, to name a few. To aggregate my cumulative
findings, gathered over four years of research, | will now elaborate on the answers to my research
questions by interweaving other relevant and influential sources not directly mentioned in my
papers. | will convey this “knowledge spillover” in the shape of a list of pragmatic and directly
applicable heuristics aimed at design educators who teach Creative Coding to graphic design
students.

1: Remember that graphic designers are not artists

To frame and situate these tips, it is key to distinguish between art and graphic design. The resolution
of this distinction is a major philosophical conundrum, and an on-going and convoluted debate
attempting to define and isolate both concepts has yet to produce a clear and widely agreeable
definition (Avital 2017). Art and graphic design share similar qualities and are closely associated
(Monnier 1995) and thus are not mutually exclusive. However, some characteristics that distinguish
graphic designers from artists are crucial to consider. For instance, graphic designers

e are problem framers (Dorst 2010), and problem solvers (Clohessy 2011) who use a broad range
of theory, methods, and tools to tackle wicked problems (Rittel & Webber 1973; Buchanan 1992);

e use their acquired skills to craft visual communication that conveys the same message to an
audience in order to motivate, inform, persuade, or incite;

e have a developed sense of beauty and aesthetics, and qualify their choices of visual elements
based on objective insights regarding their efficiency in a given circumstance (Flores 2016);

e direct the observer to take a certain action;

e operate based on a fixed starting point (client’s problem) and are goal-driven (client's
expectations);

e operate in a commercial context guided by a client's needs and have to account for numerous
limitations;

e are aware that their work is often part of a larger construct;

o realize that their work serves a specific function which objectively informs their design decision.

These traits are important to account for as they will dramatically influence the course’s structure,
topics, instructional material, teaching style, assessment, and learning outcomes. For Creative Coding
courses in graphic design education to be relevant, they must conform to the many issues of the
trade, which the artist does not need to worry about: consistency, identity, homogeneity,
identification, staying on brand, conveying the right message, legibility, functionality, applicability,
reproducibility, flexibility, adaptability, technical limitations, and client feedback.

2: Use relatable materials

Constructionism (Papert & Harel 1991) prescribes that students use their existing knowledge to
acquire new knowledge (Papert 1980; Kafai 2005). Papert (1980) has also stressed the importance of
relating what is new and to be learned to something that is already known. In the case of teaching



programming to graphic designers, new is programming, and what is already known is graphic design.
By using materials that students can immediately relate to, students need not first establish a link
between the materials and their trade and then subsequently establish a link between their trade and
programming. Choosing relatable materials allows for a direct understanding of how programming is
relevant. Being able to recognize and relate to the teaching materials also helps build confidence
(Keller 2010) and reduces the anxiety towards programming often felt by students with no prior
experience of it (Byrne & Lyons 2001; Rogerson & Scott 2010). A final proponent for the use of
relatable materials is Keller (2010), who has argued that familiarity (referring to the ability to tie the
instruction to the learners' experience) plays a crucial role in the students' motivation.

Examples of materials that graphic designers can intuitively relate to are given by Hansen (2017)
who uses them as the core foundation of his pedagogic model. Also, it should be remembered that
relatable materials should not include art (see #1) or images/illustrations lifted from non-design
contexts (see #12).

3: Arouse and inspire

A successful course should grab and maintain the students' attention. Keller (2010) suggests a
number of strategies to accomplish this, two of which pertain to arousal. Arousal can be achieved
though relatable visual examples originating within the student’s field of study (see #2) or by
stimulating an attitude of inquiry. Consider an assignment built around the visual topic of moiré.
Showing carefully chosen examples similar to the assignment (pre-existing posters using moiré
patterns), a completed version of the assignment (interactive moiré pattern explorer), or asking
questions to be answered by completing the assignment (*how can we work with moiré as a visual
expression?”) can serve as a hook to capture the students’ interest. It gives them something to aspire
to as well as an idea of what they will be able to achieve when they complete the assignment’s
learning objectives. According to Ryan & Deci (2000), students are more likely to invest the time
necessary to complete the assignment if they enjoy it or find it interesting. Hidi & Baird (1986) also
found that students could better recall content of what was interesting to them. Finally, Dewey
(1913) argued that interest must be coupled with effort before real learning will take place.

4: Highlight utilitarian value
Students are more motivated when they can see the usefulness of what they are learning and when
they can use that information to do something that has an impact on others (National Research
Council 2000, 61). The ARCS Motivational Model (Keller 2010) also discusses the importance of
relating the assignment to the learners' goals. Specifically, it distinguishes between present worth
and future value (Keller 2010, 127). When highlighting the utilitarian value of an assignment, it
should be related to both the student's present situation ("how can | use this in my ongoing studies?")
and future occupation ("how can | use this in my future work as graphic designer?") The assignment's
learning outcome should be framed using words that describe how the acquired knowledge and skills
are directly applicable to the students’ workflow (e.g., use sine/cosine to make a tool that
computationally produces vector shapes to import in Illustrator) and what the advantage/effect is
over their existing tools (e.g., ability to iterate faster through solutions and take an exploratory
approach to producing shapes).

Makers at heart, graphic design students will assess the learning outcome of an assignment using a
pragmatic view (Flores 2016). Failing to highlight the utilitarian value will negatively affect the
students’ motivation to learn (Keller 2010, 97).



5: State a vocational purpose

The defined disciplinary purpose of the assignment should be explained by relating it to how it can
be used in a real-life professional workflow. Even assignments meant to teach fundamental
computational topics (e.g., loops), should always be accompanied by an explanation of their
usefulness in a design process (e.g., ability to iterate faster, make grids, repetition design principle). If
the sole purpose given in an assignment is to solve it in order to advance in the course, student
motivation will drop. Understanding an assignment's intended use in a professional workflow
(beyond the classroom) increases the likelihood that students will find the assignment valuable (see
#,).

Also, stating a defined disciplinary purpose provides an opportunity to discuss the multitude of
use scenarios for code-based graphic design tools in existing workflows. How will it be used, and by
whom? Will it be a temporary sketch used as an intermediary towards understanding a larger idea?
Will it be a crude tool intended to be used once, then discarded? Will it be a tool that the graphic
designer develops for himself/herself and makes multiple use of and continues to refine? Will it be
used to facilitate a collaborative process between the designer and a client? Will it be the actual
output that is sold to the client for their internal use? Will it be used by a broader audience, thus
requiring it to be stable, intuitive, and attractive?

6: Provide authentic restrictions

A tenet of constructivist learning theory is that learning results from participation in authentic
activities based on problems that students might encounter in "the real world" (Alesandrini & Larson
2002, 119). As mentioned in # 1, graphic designers are typically given a start-point and a desired
end-goal in the shape of a creative brief. Rittel & Webber (1973) argued that most of the problems
addressed by designers are wicked problems. These wicked problems, Buchanan explained, have their
“wickedness” taken out of them when someone specifies briefs in great detail (Buchanan 1992, 17).
However, intentionally stripping the "wickedness” by providing authentic restrictions in the form of
creative briefs can help students maintain focus on the learning objectives. Creative briefs normally
come with an abundance of restrictions: message, tone-of-voice, visual appearance, economy,
audience, and so forth. Emulating this (to an extent that is not counterproductive) in assignments has
two immediate benefits: first, creative briefs mimic the graphic design students’ future work scenario,
thus providing opportunity to practice receiving and interpreting these creative briefs; and second,
once understood by the students, the assignment’s inherent restrictions define a solution space for
them to operate within. In addition, Brown & Wilson (2018, 4), referring to Guzdial (2013), argued
that the use of authentic tasks is preferable, particularly in cases when an informal end-user
programmer can be motivated by a contextualized approach to learning programming. Generally,
learners find authentic tasks more engaging than abstracted examples (Brown & Wilson 2018, 4).

7: Limit the need for aesthetic decisions to keep the focus on programming

Working within the confines of a given creative brief (see #6) limits the amount of aesthetic choices
a graphic design student needs to make. While this might be perceived as a negative consequence, it
can actually be beneficial. Given too much liberty and freedom in choosing the visual look and feel of
an assignment, students tend to devote an inordinately large portion of the allotted time to making
choices about fonts, illustrations, nuances of colors, cropping images, or similar decisions regarding
aesthetics. Students are easily led astray, becoming lost in decisions relating to their "comfort zone,"
thereby derailing their focus on the primary objective of the assignment: learning to program.
Replicating existing graphic design specimens one-to-one (Hansen 2017) or adhering to visual



guidelines already decided upon help students stay on track and focus on programming. However,
the chance to practice artistic freedom should not be removed; some slack should be allowed—
assignments should not become straight-jackets.

8: Stimulate positive aesthetic responses

Graphic designers are visual feinschmeckers with a well-developed aesthetic sense. Making a
conscious effort to evoke positive aesthetic responses is an important factor in motivating the
students to pick up programming (see #3). Failure to do so can lead students to make the wrongful
assumption that programming is incapable of producing beautiful output that meets the professional
standards demanded by their future clients. To avert this, it is important to establish and maintain a
high aesthetic standard in the assignments.

Ulrich (2006) conjectured that “a positive aesthetic response is more likely to lead to a positive
ultimate preference, than if the initial aesthetic response were negative." In the case of Creative Coding
courses, to build a positive preference for programming, both instructional materials and assignments
must stimulate positive aesthetic responses. Also, Ulrich (2006) has argued that "an initially positive
aesthetic response may result in a greater chance of further analysis and exploration by the user. A
negative aesthetic response may dissuade the user from ever learning more about the artifact and
therefore reduces the chance that an ugly, but otherwise preferred, artifact will ever be fully evaluated." If
graphic design students in Creative Coding courses are given assignments that evoke a positive
aesthetic response, they will be more inclined to analyze and explore the topic of the assignment.
While some assignments that successfully illustrate a computational concept work well on non-
designers, graphic design students' susceptibility to an assignment’s sub-par visual quality causes
them to not fully evaluate its usefulness. Last, Ulrich (2006) suspected that "aesthetic preferences are
'sticky.' That is, positive aesthetic judgements create a positive bias that persists even in the face of
mounting negative analytical evidence. Conversely, negative aesthetic judgments persist even when
further analysis reveals highly positive attributes." Again, relating this to Creative Coding courses, once
graphic design students have developed a negative bias toward the aesthetic quality of visuals
produced using code, it is difficult to overturn it and can severely obstruct any attempt by the
educator to prove students wrong in their perception of programming as a worthwhile skill to learn.

Asking students to work on visually meaningless, insignificant, or boring results will make students
connect their experience of the output being ugly to the activity of programming itself ("I hate this
generated layout"), the process that created it ("I hate my code"), and possibly extend it onto the act
of programming itself ("I hate programming"), which may, in turn, result in programming being loaded
with a host of negative connotations.

Granted, graphic design students have individual perceptions of what constitutes beauty; however,
to the largest extent possible, educators should strive to use materials that students find beautiful as
well as have the students aspire to pursue beauty in the output they create.

9: Allow students to enjoy their work

Once students manage to produce beautiful artifacts using code, they should be given ample time to
appreciate and enjoy the fruit of their labor. Also, by dwelling on their success and receiving verbal
feedback from educators and classmates, students reinforce their intrinsic motivation to continue
learning programming. In a study investigating digital design students’ motivation to learn
programming, Takemura et al. (2008, 355) concluded that "to maintain or raise students' motivation it
is more important to allow students to enjoy viewing the final results (artwork) of the programming than
to make them strive to create more beautiful artwork.” Promoting a feeling of satisfaction involves



taking time to appreciate the students’ outcomes and providing positive recognition from educators,
fellow students, and external peers (Keller 2010, 188).

Another strategy is to have graphic design students show their output to each other. Such
exhibitions manifest a core tenet of constructionist learning theory: that learning is tied to the active
construction of a public entity (Papert & Harel 1991), and that learning results by engaging socially
and reflectively while sharing both the produced artifact and the creation process (Ackermann 2001;
Stager 2001). Exhibitions can foster fruitful discussion among students, providing them with a chance
to verbalize and reflect on the process, share experiences, and receive acknowledgments from their
peers, as well as display the diversity of possible solutions to the same assignment.

10: Assess aesthetic quality— not code quality

Keep in mind that graphic designers are not programmers, nor should they be. Amiri (2011, 205)
described graphic designers who code as "programming tourists," and Dorn & Guzdial (2006)
referred to graphic designers as "end-user programmers.” While students studying computer science
should have a deep foundational knowledge of aspects related to computing, graphic designers can
adopt a more informal and exploratory approach to programming. To them, programming is just a
means to a higher purpose: crafting visual communication (Amiri 2011, 205). Excessive focus on
technical aspects of the code will cause teaching to depart from the main topic—graphic design—
and venture into a proverbial jungle of technical jargon that can seriously impede students’
motivation.

When graphic design students in a Creative Coding course manage to produce visually beautiful
output, their feeling of success should not be devalued by only pointing out the flaws in their code.
Also, following the crit tradition of studio teaching, graphic design students (rightfully) expect to
receive feedback that addresses the aesthetic aspects of their work. Failure to assess aesthetic
quality leaves students unfulfilled. This is not to say that the quality of the code should not be
assessed, but it should be critiqued according to a less-strict standard.

Techniques like refactoring and optimizing are beyond the scope of introductory courses.
However, it is fair to argue that a basic understanding of how an unintentional or counterproductive
structuring and grouping of computationally exhaustive calculations can substantially slow down a
program is required.

11: Contextualize programming

A way to help graphic design students connect programming to graphic design is through
contextualization. A contextualized programming course is one in which one or more application
domains provide the motivation for learning computing and inspire the design of learning activities
(Lukkarinen & Sorva 2016). Guzdial (2010) posited that the point of a context is to explain the
usefulness (see #4) of what is being learned and that contextualization both provides relevance and
helps improve retention in courses that teach programming to be used within a single domain.
According to Forte & Guzdial (2005), tailored introductory programming courses, designed to
accommodate the students’ interest and background, can offer a motivating and engaging context for
the learning of programming. Positive consequences thereof are less anxiety, increased interest, and
higher achievement (Forte & Guzdial 2005).

Contextualizing a Creative Coding course targeting graphic designers involves “translating”
abstract logical and mathematical programming concepts to fit the graphic design students’ cognitive
models that revolve around graphic design. Do not use examples that are decontextualized and
demonstrate programming concepts in a generic setting. Instead, use examples that more closely



resemble artifacts (intended for communicative purposes) made by graphic design students. Not only
are they more relatable (#2), they are also more aesthetically pleasing (#8), both of which are
qualities that have a positive impact on the student’s motivation.

Contextualization will also affect the course content. Hansen (2018b), mapping out contemporary
Creative Coding courses, found that only a few took a design-first perspective when selecting and
prioritizing content based on what is relevant to graphic designers.

12: Show how programming concepts have been used in graphic design

When introducing a new programming concept, contextualized examples of the conceptin use
should be included. For example, when discussing recursion, show a number of different graphic
design products that make use of this principle. Not only will this spark the students’ imagination, but
it will also illustrate how the same core concept of recursion can be applied to visual products in
diverse ways to achieve a multitude of looks and expressions.

Also, credit the designers who made the examples shown, not solely because of ethical and credit-
where-credit-is-due motifs, but also to help students identify "role models" (Keller 2010, 131). Many
Creative Coding courses apply the strategy of assigning students with the task of having to spot,
research, and present graphic design products that make use of computational principles to their
peers.

13: Remember that graphic design students are visual learners
Compared to students across other disciplines (Felder & Spurlin 2005), graphic design students
exhibit three notable distinct characteristics: they exhibit a strong preference for visual learning
(Hansen 2018a) and have a highly developed spatial thinking aptitude (Sutton & Williams 2010). This
suggests that a visual approach to demonstrations and assignments (see #2, #3, #15) is both a
preferable and effective way to introduce them to programming. Second, graphic design students are
predominantly intuitors, but sometimes have a preference for sensing. This suggests that
assignments should provide a stepwise path to completing the task, but it should not be mandatory
to follow it. Third, graphic design students show a less-strong preference toward sequential learning;
instead, they show an increased-mild preference. This suggests that students should be given the
option to either work in pairs or work alone depending on their personal preference (see #14).
Research by Sorva et al. (2013) indicates that visualization techniques are beneficial for students.
Hence, to the widest extent possible, educators should explain abstract and theoretical programming
constructs using visual aids to leverage understanding, whether made specifically to illustrate a
single construct (Panda 2016) or taken from the students’ domain (#2).

14: Allow for pair programming AND individual programming

Pair programming is a software development practice where two programmers share one computer
and take turns typing and giving suggestions. While pair programming is an effective way to teach
(McDowell et al. 2006), it also has its drawbacks. As a social activity, it requires participants to be
extroverted, outspoken, and open-minded. Students who are introverted, shy, or uncomfortable being
watched might find pair programming very intimidating. The use of pair programming by Hansen
(2017) yielded mixed responses from the students, which likely relates to the individual students'
preferred learning style (#13). To avoid frustration and to honor the individual students' preferences,
assignments should allow for pair programming AND individual programming, letting each student
decide how he wants to work.



15: Use live coding

Live coding, which involves the educator programming in front of the students, is as good as, if not
better than, teaching code via static examples (Rubin 2013). Moving from showing completed
solutions on a slide to students to detailing the process by coding it "live” in front of the class,
significantly improves the pedagogy of teaching programming (Gaspar & Langevin 2007). Live coding
enables an active dialogue between educator and students (Brown & Wilson 2018, 2). Also, live
coding facilitates unintended knowledge transfer by watching the educator work (Brown & Wilson
2018, 2). Having to type in the program slows the educator down and makes it easier for students to
keep up (Brown & Wilson 2018, 2); however, the educator must keep a steady pace and avoid typing
in too much code (a way to mitigate this is discussed in #21). Live coding also lets students see how
to diagnose and correct mistakes, a major topic that is often omitted in Creative Coding courses and
textbooks (Brown & Wilson 2018, 3). Watching educators make mistakes helps establish a "safe
environment" where making and talking about mistakes is acceptable (perhaps even encouraged!).
However, live coding is still mostly passive from the students’ point of view (Gaspar & Langevin
2007) and should not be used as a standalone feature (Victor 2012). One way to implement live
coding as a participative activity is by having students make predictions of what the code will do
before executing it (Brown & Wilson 2018, 3). Another way is to introduce student-led live coding
(Gaspar & Langevin 2007), which exposes the students’ thought process for the educator to provide
feedback on.

Students might ask that live coding sessions be recorded. While seemingly an good idea, educators
must be aware that recording these sessions is making students increasingly less interactive (Gaspar
& Langevin 2007). However, they do provide students with an opportunity to revisit, scrutinize, or
catch up on the material discussed in class. Educators must also be aware that recorded live coding
sessions cannot be substituted for carefully planned and pre-recorded instructional videos.

16: Build on existing graphic design history

Graphic design has a substantial body of knowledge developed and accumulated over centuries.
Madsen (2016) has advocated that this knowledge not be ignored, but rather understood in order to
be deliberately bent later. Graphic design students attend design schools to learn the theory and
methods of the trade. It is vital that Creative Coding courses manage to latch onto this to be
perceived as vehicles for students to further develop and extend their graphic design skills. That is
why "artistic” learning activities that do not incorporate the established theory, models, and methods
of the graphic design field are thought of as "fun-but-useless," detached exercises with little to no
value to their continuing education (see #1).

The tradition and legacy of graphic design should be honored in Creative Coding courses.
Referring to canonical theories, models, and methods also referenced in other classes makes the
students realize that what they learn in the course of their study can also be applied in the medium
of code. Consider the topic of color. Simply because a given programming language requires colors to
be defined in hexadecimal notation or described using an HSB-model, does not eliminate the need to
connect computationally defined colors to centuries of established color theory. Au contraire, a
possible assignment regarding color might concern the transfer of traditional non-digital color
models into the computational medium, sparking discussions about additive and subtractive
properties of paper versus screens.

Throughout history, the making of custom design tools has been a regular component of the
graphic design trade (Hansen 2012). By referencing this tradition in Creative Coding courses,



educators can encourage and nurture the students’ desire to continue this tradition with digital
media.

Finally, reflecting back on the history of graphic design enables Creative Coding to be viewed as a
contemporary pinnacle of the trade. This helps educators situate code literacy and programming
skills as mandatory and indispensable for students to wish to exert any influence on the future
evolution of the graphic design trade.

17: Show commonalities between graphic design and programming

Despite ontological discrepancies, graphic design and programming have many commonalities (Tober
2012a; Shim 20163). Throughout history, procedural “design systems” have governed and guided the
production of visual communication. Recent canonical examples are the works of Gerstner (1964,
1972), Miller-Brockmann (1981), and Kapitzski (1980), whose systemic approach to graphic design
closely mimics the sequential and rule-based execution of computer software, thereby highlighting
the connection between programming and design and between coding and designing. Also arguing
for the inherent connection between the two disciplines is Stiny (2001), who has considered "seeing"
as a form of "visual calculating," thereby implying that some sort of “computation" takes place.

When framing Creative Coding courses, educators should mention that the courses are not merely
designed to make students code-literate. At a meta level, courses are meant to introduce a way of
thinking that enables visual ideas to be explicitized and formalized, with the aim of enlisting the
computer as a tool in the formation and exploration of design artifacts. Accomplishing this can be
greatly aided by introducing computational thinking, a set of problem-solving methods recently
popularized by Wing (2006; 2010; 2014). Students should be encouraged to adopt computational
thinking and backpropagate this knowledge in the way they conceive and execute graphic design.
While programming languages may come and go, acquiring a generalized and platform-agnostic way
of thinking computationally about graphic design will help students transition into meta-designers
(Madsen 2015), i.e., designers who are as visually talented as they are technically proficient and to
whom programming is a natural medium for creating modern dynamic, non-linear, and procedural
design products.

18: Introduce programming concepts relevant to computational graphic design

Picking up from #16, itis important to realize that computation, and its derived influence on
workflows, aesthetics, and the designer’s own ontological perspective, represents a paradigm shiftin
graphic design as a discipline. The continued development of the graphic design discipline relies on
curious students who challenge existing assumptions, methods, tools, and modi operandi. As
educators, we carry an obligation to lead students into uncharted territory by introducing new
concepts and ideas that inspire their quest into discovering what is possible to achieve through
computation. This involves investigating the aesthetics created using dedicated computational
methods (i.e., methods that involve far too complex and numerous calculations to perform by hand,
rather than automated versions of tasks otherwise carried out by hand by the designer).

Creative Coding courses should, therefore, introduce programming concepts that are relevant for
computationally assisted graphic design. These concepts can include algorithms that deal with spatial
issues (e.g., dividing, distributing, packing, filling, aligning, intersecting), explore a pre-made set of
building blocks (combinatorics, permutations), or create complex patterns out of simple rule-based
systems (automaton, L-systems, context-free grammars). Some emulate natural phenomena (flocking
behavior, vectors/gravity, kinematics, harmonius motion), others produce visual output (ASCll-art,
fractals), retrieving/parsing/modifying data (fetching data from external API's, using XML/JSON data



as input, reading sensors from connected hardware, webcams, computer vision, Kinect/Leap/VR) and
some are even meant to corrupt, bend, and break data (glitch, datamoshing, databending).

These algorithms can be provided as pre-made elements (#21) because the aim of the assignment
is not to have each student implement, for example, a Poisson Disc Sampling algorithm from scratch,
rather it is to explore what visual output can be made by the algorithm. However, some algorithms
are surprisingly simple to implement, and purposely letting students experience what amazing
complexity can be achieved with a few lines of code is beneficial to their inclination to explore other
algorithms or even make their own.

To summarize: Assignments should introduce students to post-digital computational aesthetics.
Therein lies a great justification for accepting programming as a unique and valuable addendum to
their skillset.

19: Make programming concepts fit graphic design

Contemporary Creative Coding courses tend to make graphic design topics fit into a cognitive and
conceptual frame originating in computer science as well as the syntactical affordances of the chosen
programming environment/language (Hansen 2018b). Being forced to restrict and recast their
domain-specific knowledge to fit the confines and limitations imposed by a programming
environment has no positive impact on the graphic design students’ view on the usefulness of
programming in their existing workflow. Programming should be perceived as an extension of their
skills, not as a limitation.

Creative Coding courses must be planned utilizing a design-first perspective. This involves letting
graphic design praxis dictate what is needed and then choosing (and possibly adapting) the
computing concepts accordingly. Also, if features fundamental to graphic design production are
missing from the chosen programming environment, educators should make an effort to either 1)
provide an explanation as to how the students can implement it themselves or 2) provide a utility as
a pre-built element to give students the functionality they expect. Otherwise, they risk adjusting and
limiting their thinking and ways of working to match the affordances of the programming
environment, potentially forgetting that their skills obtained as graphic designers extend way beyond
what they are capable of creating as programmers.

20: Make assighments "hard fun"
Many students enter programming courses with the preconceived notion that programming is “hard
and boring” (Repenning 2017).

Turning "boring" into "exciting" is an affective challenge (Repenning 2017). Students become more
engaged if they are given the opportunity to program objects that matter to them (see #2). Graphic
design students have no passionate interest in understanding the construct of a double nested for-
loop, but when it is shown in a contextualized example (see #11) where it is used to create a two-
dimensional grid of objects, suddenly the same construct can excite the student. Appealing to the
students’ emotions by showing the exciting prospect of what they can achieve when they learn the
objective of the assignment provides them with a worthwhile reason to invest the monumental effort
needed to learn programming.

Turning "hard" into "easy" is a cognitive challenge (Repenning 2017). To the majority of graphic
designers, programming is a totally new and unfamiliar domain. They will face a steep learning curve,
and despite all instructional and pedagogical efforts by the educator to reduce the incline, students
will need to work hard to achieve the desired learning outcome. There is no quick shortcut to go from
"hard" to "easy"—just practice, practice, and more practice. It is important to address this in class; so



too the variations in the pace by which students progress as students tend to compare their own
progress with that of their classmates. This, however, is an unfortunate habit as all students learn
differently (Hansen 2018a). Explicitly explaining this can help students relax when they see what
they believe to be "hard" is already being solved by others.

Students will inarguably have a perception of learning to program as being "hard" for a prolonged
period of time (cognitive challenge). This is fine as long as the assignments are "exciting" or "fun"
(affective challenge). The constellation of hard and fun is also discussed by Papert (quoted in
Martinez & Stager 2019): "We learn best and we work best if we enjoy what we are doing. But fun and
enjoying doesn't mean ‘easy.’ The best fun is hard fun. Our sports heroes work very hard at getting better
at their sports. The most successful carpenter enjoys doing carpentry. The successful businessman enjoys
working hard at making deals.” Equally, Creative Coding educators should strive to have the students
enjoy programming despite it being cognitively taxing.

To ensure that "hard" is not perceived as "impossible," it is important that assignments are
solvable by accounting for the students’ level and knowledge. This can be done by offering pre-made
elements (#21) or making the assignment available in different levels (#23). Also, educators should
try to establish an environment where failure to successfully complete an assignment is accepted, as
long as a valid attempt was made.

21: Offer pre-made elements

Itis a relic of a bygone era to assume that all assignments should begin with an empty editor and that
students should write all the code themselves (Brown & Wilson 2018, 4). Just as training wheels help
children keep their balance as they learn to ride a bike, so too can graphic designers benefit from a
little support in their effort towards learning programming. One way is to offer pre-made elements in
the form of visual assets (images, video, fonts), code (libraries, classes, snippets, templates,
boilerplates), or math/algorithms (formulas, pseudo-code algorithms).

Pre-made and well-documented code, whether partially complete or fully written, provided by the
educator can detract from the students’ temptation to copy/paste code found on social code sharing
platforms such as Stackoverflow, openProcessing, or Codepen without thinking about the logic
behind the snippet. Furthermore, pre-made code can relieve students of the mental burden of first
having to implement a given algorithm before they can use it. Rather, the algorithm should be
provided as pre-made code, and graphic design students should be allowed to explore what it can do
as a way to stimulate their subsequent inquiry into how it works. Finally, the use of pre-made code
somehow also mimics the "messy" way students will work with code in real life, scavenging and
reusing available code fragments from other programs in a bricolage style of programming (Guo
2013).

Offering pre-made visual assets can alleviate the risk of students spending too much time on
issues (e.g. retracing logos, choosing fonts, mixing palettes) not directly related to learning
programming, a strategy purposely employed by Hansen (2017).

22: Use interactive demonstrations

Regular analog textbooks (e.g., Vantomme 2012; Gradwohl 2013; Fry, Reas, & Maeda 2007; McCarthy,
Fry, & Reas 2015) are used in many Creative Coding courses; however, research by Palmer (2011)
indicates that it is difficult to correlate written code in books to visual results on the screen. A better
way to help students understand a programming concept is by offering interactive demonstrations as
cognitive support. In Creative Coding courses, these interactive demonstrations typically consist of
pre-written editable code that is continuously executed to reflect any changes made. Using such



interactive demonstrations genuinely engages students in both active (playing with it) and reflective
(thinking about it) processes, both of which, according to constructionist learning theory (Papert &
Harel 1991; Kafai & Resnick 1996; Kafai 2005), are necessary for learning to take place most
efficiently.

Interactive demonstrations using Donald Schén's notions of reflection-in-action and reflection-on-
action (1983) establish a safe sandbox that allows students to actively modify code firsthand and
evaluate the consequences using immediate visual feedback, which provides students with the
opportunity to reflect on what they are doing while they are doing it (i.e., reflection-in-action).
Supporting the interactive demonstration with follow-up questions encourages students to reflect on
what they just did and what they experienced (i.e., reflection-on-action). These questions might be:
What were you doing? Why were you doing that? What was the outcome? Can you explain what was
happening? Why/how is this relevant or important to you in your work?

Some contemporary Creative Coding courses (e.g., Bakse 2018; Belluscio 2017) and interactive
textbooks (Shiffman 2012) provide a rich supply of interactive examples—editable directly in a web
browser—as a way for students to directly experience the functions and mechanics of the code
through direct manipulation and immediate visual feedback (see #13).

In short, letting students interact with a demonstration and think about their experience afterwards
is beneficial to their acquisition of new knowledge.

23: Introduce assignments with different difficulty levels

Graphic design students learn at different paces and in different ways (Hansen 2018a). This suggests
the need for differentiated instruction to assure that students feel confident and able to accomplish
the tasks given to them. One way to do so is by introducing assignments with varying difficulty levels.
This will make weak students feel supported and strong students feel challenged (see #20). Students
should themselves decide which level they want to undertake. Students still struggling with basic
issues need scaffolding, while students who have gained a better understanding should also find the
assignment challenging in order to stay motivated. Two levels (e.g., "novice" and "competent") will
normally suffice, but larger classes might need be provided with an additional level (e.g., "proficient")
to account for the larger spread between weak and strong groups of students. Support sessions
should be planned to match different levels, and commonly experienced problems (technical,
cognitive, conceptual) should be addressed by that group without having weaker/stronger students
spend their time sitting in on discussions that they perceive as too complex or too simple (see #20).

A way to do this relates to #21. When setting an assignment in, say, three levels, pre-made
elements in the shape of boilerplate code can be offered to the novice, partial code to the
intermediate learner, and no code to the advanced programmer. Also, novices should not worry about
interfaces, while expert programmers can be challenged to provide an intuitive interface to interact
with their product. Issues such as performance and stability should not be of concern to the novices
but made mandatory for the advanced programmers.

Knowing that the challenge level of the assignment can be chosen to match their competencies
will help reduce the stress and anxiety associated with being asked to complete a programming
assignment. Also, to non-novices, being able to complete an assignment without taking any of the
help offered to lower levels instills a sense of achievement and accomplishment in the student,
further motivating him to push forward.



24: Spend more time helping, less time lecturing

Learning to program is a path riddled with obstacles: mysterious bugs, unescapable loops, missing
libraries, cumbersome syntax, and convoluted control structures. Becoming stuck is unavoidable, but
students grow frustrated and become demotivated if their programs do not work as intended.
However, in keeping with constructionist teaching methodology, it is not the educator’s role to be the
tow truck that arrives to winch up the car from the ditch and then leave. Instead, educators must help
students get themselves unstuck. A number of tactics to achieve this can be considered, as explained
in the following paragraphs.

Most importantly, educators must prioritize teaching general problem-solving and debugging
strategies to allow students to help themselves. While these strategies can be taught theoretically in
lectures, they must be practiced and honed through hands-on experience with support readily
available. Students should therefore be given ample time in class to work on exercises, assignments,
and projects with the educator close by to assist when a problem occurs. However, if the educator
tries to take adequate time to assist each student to solve their problem by themselves, a bottleneck
can quickly form, resulting in a queue of students waiting for help. Possible ways to combat this
include enlisting teaching assistants, solving similar and frequently occurring problems in plenum,
and encouraging students to help each other.

To free up time for helping, new teaching methodologies brought about by the use of technology
in the classrooms should also be considered. For example, the concept of blended learning (Friesen
2012) combines traditional classroom methods with digital learning resources (see #15, #22). By
using a combination of digital instruction and one-on-one time, students can work on their own with
new concepts, which frees up educators to circulate and support individual students who may need
individualized attention. A specific blended learning instructional strategy is the flipped classroom
(Flipped Learning Network 2014). A flipped classroom reverses the traditional learning environment.
It moves activities that may traditionally have been considered homework into the classroom, and
similarly moves traditional lectures, teaching activities, and instructional content out of the
classroom—most often online. Having transformed his introductory Creative Coding course to fit the
flipped classroom model, Shiffman (2018) has made his lectures available online as mandatory pre-
class preparation, freeing up valuable time spent on questions, demonstration of homework,
workshops, and wrap-ups.

When designing assignments, typical problems that might occur when trying to complete the given
task can be addressed and (depending on difficulty level, see #23) a remedy provided to ensure that
stuck students can quickly solve the problem and move on.

Students should also be taught the appropriate etiquette of how to ask for help (e.g., how to
describe a problem, including a code example, listing relevant system specifications) and where to
ask for help (e.g.. in class, course site, from educator during office hours, programming forums, or
social platforms).



FINAL REMARKS

This dissertation has investigated the overlapping intersection of graphic design, programming, and
pedagogy. In addition to three individual studies and a summarizing discussion, the dissertation also
contributes valuable knowledge in the shape of 24 heuristics specifically aimed at design educators
who plan to teach Creative Coding to graphic designers.

Code as a creative medium and material holds a vast and yet barely explored potential and must
be included in the disciplinary epistemology if graphic design is to stay current and relevant. As
programming and graphic design continue their convergence and form an even stronger symbiotic
relationship, it naturally calls for computation to be integrated into graphic designers’ thinking and
doing. By learning to program, graphic designers can become creators of unique and custom-made
digital design tools and not just users of ready-made, industry-standard tools provided by the
software industry. By learning to program, graphic designers can reap the benefits of adding
computation to all stages of their workflow. By learning to program, graphic designers can acquire a
new perspective and appreciation of their trade as they explicate their tacit knowledge. By learning
to program, graphic designers can understand how software works and adapt the way they
conceptualize their designs to fit the computational media. By learning to program, graphic designers
can push the disciplinary boundaries forward as they infuse the essence of their trade with the power
of technology. Finally, and perhaps most importantly, by learning to program, graphic designers can
also learn when programming is NOT the answer to their needs and their computer is better left
switched off.

If this dissertation in any possible way or form contributes to the development of bespoke
Creative Coding programming courses in future Graphic Design education, my four years spent as
designer-become-researcher has been worthwhile.







GLOSSARY

Algorithmic Design: A design process that involves specific procedures or formulas to generate
output.

Blended Learning: An educational approach that combines online educational materials with
traditional place-based classroom methods and independent study in a new hybrid
teaching methodology.

Coding: The activity of translating an algorithm to a specific programming language. This
requires an understanding of the syntactical aspects of the language. It also requires direct
interaction with the programming environment.

Computational Graphic Design: The act of using calculations and instructions, typically
performed using computers, as part of a graphic design process or workflow.

Computational Thinking: The thought processes involved in expressing solutions as
computational steps or algorithms that can be carried out by a computer. Originating in
computer science but universally applicable across disciplines.

Creative Coding: A type of computer programming in which the goal is to create something
expressive instead of something functional. Mitchell & Bown (2013, 143) define Creative
Coding as “a discovery-based process consisting of exploration, iteration, and reflection, using
code as a primary medium, towards a media artifact designed for an artistic context.”

Debugging: The routine process of identifying and resolving errors within a computer program.
Can be done manually or supported by debugging tools.

Demoscene: A computer art subculture focused on producing demos (i.e., self-contained
computer programs that produce audio-visual presentations). The purpose of a demo is to
show off programming, visual art, and musical skills.

Flipped Classroom: An instructional strategy and type of blended learning that reverses the
traditional learning environment. Students are introduced to content at home (usually
through online media) and practice working though it in the classroom.

Generative Design: An iterative design process in which an initial state of a design system is
changed either computationally or by input from the designer to create seemingly endless
variations.

GUI (Graphical User Interface): A form of user interface that allows users to interact with
computers through graphical icons, windows, mouse cursors, and other visual
representations instead of typing commands or navigating text-only screen.

IDE (Integrated Development Environment): A software application used by programmers for
software development. An IDE normally consists of a source code editor, build tools, and a
debugger.

Instructional Design: The practice of creating learning experiences that make acquisition of
knowledge and skills more efficient, effective, and appealing.



Meta-design: An approach to design in which no specific artifact is designed; it is rather a
collection of design rules and actions, which, when formalized (often using software) and
executed, is capable of automatically generating final artifacts without much effort.

Parametric Design: A design process driven by parameters where properties of existing models
are modified to vary multiple outcomes.

Programming: The activity of translating a problem-solving approach to algorithms using
programming constructs. This does not require any knowledge of specific syntax. Also,
programming does not necessarily require interacting with a programming environment.

Recursion: The process in which a function calls itself.

Tertiary Education: (also referred to as postsecondary education) An educational level focusing
on learning endeavors in specialized fields. Includes both public and private universities,
academies, seminaries, colleges, and vocational schools. Culminates in the receipt of
certificates, diplomas, or academic degrees.

Unicorns: Nickname for a new generation of designers who excel equally in both designing and
programming.
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