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Abstract

The following “Expository” thesis paper is Postgraduate Research masters by research
project entitled: “Engaging students in the use of Computer Coding in the Visual and
Applied Arts within Higher Education: The Possibilities, Challenges and
Opportunities”.

Although degree programs already exist in subject areas such as Computer Art and
in Interactive Media there is a current trend that sees coding as a skill for all, and
some even see it an emerging core subject along side subjects such as english and
maths. As such there is opportunity for coding to be integrated in all areas of
education, from Computer Science where it has its roots, to the Humanities and
even Health and Medicine. This research looks at how computer coding can be
integrated in a more universal form in the Visual and Applied Arts and highlights the
important considerations and ways forward in todays new “coding for all”’
landscape, making it accessible and creating the opportunity for diversity through

the integration of coding within visual arts subjects and indeed all subjects.

It is an original piece of research. Qualitative and Quantitative information was
collected through the collection and analysis of data from questionnaires with
students and through interviews with creative professionals who had a proven and
extensive history in creative digital technologies and creative coding. It is a
systematic investigation following a structured methodology. It builds upon previous
working experience involving small focus groups of art and design students learning
coding for the first time. It is designed for the purpose of expanding knowledge and
understanding, in the implementation of new and emerging technologies within
Visual Arts Higher education. It was a rigorous investigation in that much data was
collected from both students and creative professionals. Questions and interviews
were designed to draw out the most relevant and informative information possible.
The significance of the findings lie in the potential to design modernised forms of
teaching and learning using interdisciplinary technologies within the Visual Arts in
Higher education. The research also outlines new avenues of enquiry which could

form the basis of Doctoral Research.
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1. Introduction

This research builds upon previous research; practice; teaching; and related qualifications
gained in the field and relates directly to the three new organisational sections of John

Moores University: Research; Teaching and Learning; and External Engagement.

Computer coding is reaching a point in its evolution where certain languages are
simplifying and entering the public domain. It is more and more common for people to
interact directly with the HTML code governing their own websites for example. Coding is
more commonly seen in the prototyping phase of product design and it is also seen in the

area of public experimentation or ‘tinkering’ along with Electronics.

Certain computer languages with their accompanying libraries have also been seen within
Art and Design; as part of new media installations and electronic exhibitions. As more
languages are being developed with beginners and Artists and Designers in mind there is
now an opportunity to introduce Art and Design students to coding as a more fundamental
concept. Art and Design Students do not have the same amount of time to learn
programming languages as Computer Science students for example, but new, simpler
languages may see more of them making use of coding. The term ‘Coding’ represents a
recent rebranding of ‘Computer Programming’ previously seen as a set of complicated
computer languages used to create the Information Technology Infrastructure that
supports our Information Economy. Though tools like these have been used outside of this
sphere, only recently have they become accessible to beginners with the advent of new
language libraries and key terms that allow people to understand quickly and to engage in

the coding as much or as little as they see fit.

It is hoped, by the coding community, the maker or ‘tinker’ community, innovation
organisations such as NESTA, and the government, that more coders will be created in all
areas of our economy leading to large research funds being created and allocated to the
area. This is being reflected in Higher Education where there is also an interest in the
development of Mobile devices such as in apps developed for student information. There
is a current collaboration between a research lab based in the Cyprus University of
Technology and University College Falmouth who are investigating the use of iPads within
Art and Design. A more widespread knowledge of coding could arguably accelerate the

uptake of these technologies.
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Through working with students over the past few years | have met those who, in their final
year, want to create projects incorporating computer coding but find that they lack the
knowledge or time to do this successfully. Not surprisingly they see ‘Computer
Programming’ as another language with a steep learning curve. This is especially true if
the student has zero or limited previous experience. Without the proper support one set
back can result in the abandonment of ideas that have the potential to lead to exciting and
inspiring projects. This has lead me to want to better understand the landscape of coding
technologies as well as common difficulties experienced by students, in order to attain a
broad understanding of the subject. Through this | hope to create a framework for the
support and development of coding languages within Art and Design, but this can only be
achieved with the more fundamental understanding of the teaching and learning principles
behind such a framework. As well as this the pitfalls, perceived or otherwise, need to be identified

and avoided. This | hope to achieve with this Masters of Philosophy.

As stated in the abstract the originality of the research lies in both the methodology and
the investigation into new and emerging technologies that have been created with artists
and designers and coding beginners in mind. How these technologies can be adopted by
teaching professionals as a way to harness computer coding in hon computer science
degrees, and the important considerations before implementation, are the main lines of
enquiry. In this new “coding for all” landscape and with these new platforms for education
and project orientated learning that come to light in the research, pathways and
opportunities are identified to students in the visual arts, in higher education. The research
investigates ideas regarding delivery of these technologies within higher education but
also challenges conceptions of some of the structures of higher education and some of the
themes that are present within it. The research involved a questionnaire with students of
the John Moores University, in the School of Art and Design. The questionnaire was
successful in the sense that the response rate was high and the questions were
formulated to effectively gather information from the student body. The research also
involved interviews with creative technology professionals from across many different
creative fields but all with a relevance to creative coding. The structure of the interviews
effectively drew out many salient points regarding the research topic and opened up many
avenues of enquiry. The research also outlined many new avenues for further research

which are covered in the conclusion.
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2. Literature Review

2.1 Introduction

The Literature Review will be split into five sections. The current (post 2010) global climate
with regards to computer coding will be outlined. This will start with the UK and American
governments stance towards computer coding in education. This is being covered as they
are having a large impact on public educational institutions through curriculum changes
and through a more general agenda to increase the computer science and computer
programming skill base within the knowledge economy. Secondly the “Global Learn to
Code Movement” currently being backed by large private corporations, but also populated
by many freelance, open source professionals, makers and amateurs, has been growing
at a rapid pace in order to fill a skill gap both for large companies and also for everyday
people as computer coding is arguably becoming a necessary basic skill as maths and
English are. Thirdly will be an overview of the 21st century creative coders. As the two
previous sections of the literature review represent two entities looking to increase coding
knowledge across all sectors, this section will show the current frontrunners of computer
coding within the Visual Arts. This aim is to highlight the potential of computer coding
within the visual arts to begin to create a database of relevant artists for future academic
activities. Finally the pedagogical requirements in terms of the teaching and learning of
computer coding will be researched to highlight some of the problems students face when
learning computer coding and more specifically how these will be interpreted in a visual

arts context.

2.2 The UK and American Governments Policies Towards

Computer Coding in Education

There is currently a reform of the UKs ICT curriculum underway in Britain. This is due to
the fact that there has been criticism of the secondary school curriculum due to the lack of
computer science and computer coding. Instead there is an overemphasis on ICT and
secretarial skills using basic software such as the Microsoft Office Suite i.e. word
processing, spreadsheets and databases. (Cellar-dJones 2011) These traditional Microsoft
Office applications have little to do with the concerns of the creative artist but hold great

potential for academic research and scholarship. (Greenberg 1991) Students have been
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arriving at university lacking the key skills that if they possessed could greatly accelerate
their higher education and future job prospects. For example, the 2011 the Next Gen
report that was published by the National Endowment for Science, Technology and the
Arts (NESTA) highlighted that the visual effects and gaming industry was having to source
talent from overseas because of skills shortages at home. (Livingstone, Hope et al. 2011)
This was considered to be a failing of our education system from schools to universities
and insisted a change for the industry to remain globally competitive. This was echoed by
Google chairman Eric Schmidt who made his comments at the MacTaggart Lecture at the
2011 Edinburgh International Television Festival who said education in Britain was holding
back the country's chances of success in the digital media economy and that he was
flabbergasted to learn that computer science was not a standard part of the curriculum in
UK schools. (Douglas 2011)

The gap in the UKs skills base, highlighted by NESTA received a reply from the UK
government in November 2011. The government stated that a reform of the Teaching of
ICT and Computer Science in schools was needed to better reflect the changing role of
technology. (Great Britain. Department for Culture Media and Sport. 2011) This has
resulted in the Rt Hon Michael Gove MP, Secretary of State for Education’s public
consultation on a proposal to replace the foundation subject of information and
communication technology (ICT) with computing at all four key stages, earlier this year.

(Great Britain. Department of Education and Science. 2013)

With a move towards having computer science including computer coding being taught as
a key subject in secondary schools, we can expect more students to be entering university
with basic knowledge in these areas across all disciplines, including Art and Design or,
more specifically, the Visual and Applied Arts which will create more opportunities for
students to enter the digital Avant-garde movement including areas such as generative art,
algorithmic art, interactive or responsive environments, and wearables (electronics within

fashion garments).

In the United States of America, similar changes are happening. In May 2013 Lauren
Orsini wrote an Article entitled “Why Programming is the Core Skill of the 21st Century” and
it highlighted the fact that currently in America lots of coding jobs were available for those
with the appropriate skills and that having such skills would provide a tremendous boost to

ones career (Orsini 2013). In 2013 President Barak Obama endorsed high school coding
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classes during a live Google+ Hangout. The president agreed that requiring students to
learn a computer language made sense and he recalled a conversation he had with Mark
Zuckerberg, founder of Facebook, about how he taught himself programming at a young
age (Mack 2013). Even the mayor of New York City vowed to learn code via a twitter

status update (Bloomberg 2012).

2.3 The Learn to Code movement.

The learn to code movement is growing at an exponential rate with names such as Bill
Gates (Microsoft), Jack Dorsey (Twitter), Mark, Zuckerberg (Facebook) Drew Houston
(Dropbox), Chris Bosh (NBA All Star), Will.i.am (Black Eyed Peas) and others all using and
promoting computer code. (Partovi 2013) Hadi Partovi of Code.com had a short video film
with these people listed above with others entitled “What most schools don’t teach” which
opened by a quote from Steve Jobs who, when referring to the USA said “Everyone in this
country should learn how to program a computer... because it teaches you how to think”.
(Chilcott 2013)

There are a growing number of organisations promoting and providing free ways to learn
to code online. These websites teach coding through various methods such as slides,
presentations, wikis, video tutorials, games and quizzes. (Fox 2013) Two leaders in this
who solely teach code online are Code Academy and Treehouse. The two are similar in
that they both cover web technologies but Code Academy takes you through a few extras
such as Python for example. A third example worth mentioning here is coder-dojo which is
a global collaboration providing free and open learning to young people in locations across

the globe.

In the last year, the MOOC or “massive open online courses” have spread through the
higher-education landscape (Popp 2013). Online education giant Coursera, based in
California, aggregates courses from 62 universities which are being taught online by
professors and lets anyone take them for free. These are available in multiple languages
including English, Spanish, French, Italian and Chinese. The Massachusetts Institute of
Technology (MIT) has opened all of its course content to web audiences, so anyone,
anywhere can learn from one of the top American research institutions. In addition to
these, Udacity who have ported computer science, math and physics courses online have

done so because they believe that education is lifelong experience rather than something
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that happens once in a lifetime. Finally Khan Academy is an online Academy that teaches

everything from coding to calculus and computer science theory.

2.4 Key recent developers in the field of computer coding and

new coding libraries

Programming, or code, plays a huge role in the world today. There is a growing community
of artists whose artistic medium is code. Their work includes everything from computer
generated art to interactive installations. Behind them is a growing community all with the
goal of expanding our sense of what is possible with digital tools. (PBS Arts. Offbook.
2013)

Four key figures within this avant-garde movement, are Golan Levin (United States /
Interactive Media Art), Casey Reas (United States / Creative Coding) Massimo Banzi (ltaly
/ Open Source Hardware Hacking) and Zachary Lieberman (United States / Creative
Coding). These four people represent key avenues in the pursuit of innovative digital art
and provide a good starting point for the literature research. All have contributed greatly in
their fields and are strong advocates of digital technologies and creative coding within art

and design.

Golan Levin is an artist, composer, performer and engineer. Through performances, digital
artefacts, and virtual environments, he creates interactive works which explore new modes
of reactive expression (Levin 2005). In his paper Computer Vision for artists and
Designers: pedagogic tools and technologies for novice programmers Levin attempts to
demystify computer vision for novice programmers through a survey of new applications in
the arts. Basic techniques of computer vision such as detecting motion and object tracking
are discussed in addition to various software applications created for exploring the topic.
(Levin 2006) After completing a Bachelor Degree in Art and Design at the Massachusetts
Institute of Technology in 1994, Levin received a masters degree from the Aesthetics and
Computation Group (ACG) at the MIT media lab in 2000. (MIT Media Laboratory
Aesthetics + Computation Group. 2000) His thesis paper was entitled “Painterly Interfaces
for Audio Visual Performance” and its goal was to develop an engaging new medium for
audio visual self expression which is cited by many artists looking into digital performance
art and audio / visual installations today. Notable artworks include Dialtones: A

Telesymphony [2001], The Secret Lives of Numbers [2002] and The Dumpster [2006],
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Opto-Isolator [2007] and Double-Taker (Snout) [2008] (Levin 2015).

Casey Reas is an artist whose conceptual and minimal works explore ideas through the
contemporary lens of software (Wikipedia contributors 2015). Reas was also a student in
the MIT Media Lab's ACG graduating in 2001 together with Ben Fry, Reas developed the
Processing programming language which is used by thousands of artists and designers
worldwide (Reas. C and Fry, B, 2007). This is cited in numerous papers on programming
within art and design including Programming for Artists with Processing by Zséfia Ruttkay
(Ruttkay 2010). This paper highlights the two key reasons artists have problems learning
programming. First: to acquire sufficient skill in computer programming and the essential
algorithmic thinking is normally beyond the capacity of artists, and second: for many, it is
not apparent what novel possibilities the computer offers for visual exploration and for

entirely new genres of experience.

In his 2006 paper Reas, C. (2006). Media Literacy: twenty-first century arts education. Al &
Society, 20(4), 444-445. Reas looks at a modern arts education system inclusive of digital
and computational art. This is cited in two other papers by Kylie A. Peppler entitled Media
arts: Arts education for a digital age, and Creative coding: Programming for personal
expression. Peppler is an Assistant Professor in the Learning Sciences Program at Indiana
University, Bloomington. An artist by training, Peppler engages in research that focuses on
the intersection of arts, media, new technologies, and informal learning (Peppler 2015).
Her 2013 paper (Peppler 2013) was a report for the Wallace Foundation in New York,
which seeks to improve education and enrichment for poor children by testing innovative
ideas (The Wallace Foundation 2015). Reas' works are numerous. Some recent works
include “100% Grey Coverage (2013), Infinite Command Team (2013), Signal To Noise
(2012), Yes No (2012)”. However there is an entire Process Compendium which is a

catalogue of many works, too many to name here.

Massimo Banzi is the co-founder of the Arduino project which is a single-board micro-
controller to make using electronics in multidisciplinary projects more accessible
(Wikipedia contributors 2015). Through electronic sensors and environmental stimuli, like
pressure, light, sound, movement events and interactions can be triggered for use in a
visual or applied arts context. Banzi is an Interaction Designer, Educator and Open Source
Hardware advocate. He started the first FabLab in Italy which led to the creation of

“Officine Arduino”, a FabLab/Makerspace based in Torino (Banzi 2015). He is also author
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of the book Getting Started with Arduino (Banzi 2009) which is cited by many in the
“Hacker” community including Alicia Gibb. Member of “NYCResistor”, co-chair of the Open
Hardware Summit, and a member of the advisory board for Linux Journal, Gibb published
the paper “New media art, design, and the Arduino micro-controller: A malleable tool” (Gibb
2010). In this, Gibb praises the Arduino micro-controller for its usability, supporting
community and its open source initiative which empowers artists and designers to realise
their creative ambitions. Banzi praised Reas and Fry’s Processing programming language
highly saying “Processing changed dramatically the way we teach programming and it's
one of the major factors of the success of Arduino.” (Reas and Fry 2010) Together with
John Maeda, founder of MIT Media Lab's Aesthetics and Computation Group (and its
replacement by his new Physical Language Workshop) he spend time working at the
Interaction Design Institute Ivrea alone with key figures such as Bill Verplank and Bill
Moggridge, who, together, coined the term Interaction Design. (Levin 2003) It was here

that the Arduino project was conceived.

Zachary Lieberman is a digital artist and co creator of openFrameworks with Theo Watson.
One of the key people behind YesYesNo, and an essential figure in the community of
artists working at the forefront of media and technology, Lieberman is highly regarded by
many in the field of media art. (The Creators Project 2015) openFrameworks is an open
source C++ toolkit for creative coding. It was designed to assist the creative process by
providing a simple and intuitive framework for experimentation. (openFrameworks 2015)
Working with collaborator Golan Levin, he created a series of installations — Remark and
Hidden Worlds — which presented different interpretations of what the voice might look
like if we could see our own speech (YesYesNo 2015). This resulted in the paper In-Situ
Speech Visualisation in Real-Time Interactive Installation and Performance (Levin and
Lieberman (2004). Notable artworks include Night Lights (2010), iQ Font (2009),
EyeWriter(2009), Reface (2007).
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2.5 The Challenges of teaching computer coding

Computer Programming is becoming a more common skill and a valuable addition to any
CV. However The increase in visual languages of all kinds used in multiple communication
systems compounds the importance of art (Hicks, 1993). Research into the teaching of
programming languages is extensive however few are based within the art and design
environment. In Mateas’ 2005 paper on procedural literacy, he states that all artists
working in new media would benefit from the problem solving skills that are fundamental to
programming i.e. logical, step by step thinking. Burg 2013 offers an alternative solution.
The paper raises the idea that digital artists can create dynamic pieces without really
knowing how to program. Programming environments exist which offer a pallet of tools for
use in a drag and drop environment known as a stage. The “authoring” programs of
Director and Flash are such environments where the code is generated behind the scenes
and the artist is able to focus on the visual aspects of their project. The paper poses the
question - does the artist really need to understand what’s going on at the code level.
Another aspect to take into consideration is that the Defence Advanced Research Projects
Agency (DARPA), the american military’s science lab launched a program in 2014 called
MUSE. What this will be is a database of code snippets. The idea is that everything that
anyone has ever tried to program will be loaded into this database which will act as a vast
coding library. Instead of learning how to code people will teach computers how to think
and the emphasis will not be on coding skills but on creative, problem-solving design
thinking. Though this type of thinking has always been necessary when programming it will
theoretically start to pull away from programming ability as the single essential skill when
creating computer programs. In an article in Newsweek (Maney 2009) Kevin Maney states
that computer coding is already a dying art. However it will take many years for the
database to become fruitful and also to enter into the public sector and even then
programming will take much longer to become obsolete but the idea of creative, problem

solving skills being important is only going to increase as years progress.

Published in the paper “An interactive programming environment for enhancing learning
performance.” (Jambalsuren, M., Cheng, Z. 2002) there was the discovery that students
often perceive programming languages as requiring significantly more work than other
courses. This is reiterated in “Issues and difficulties in teaching novice computer

programming” (Chan Mow, I.T. 2008) whose findings showed computer programming to be
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a cognitively challenging subject and that good instructional strategies are important in
providing the student with optimal learner support. Different solutions to tackling the issue
of complexity have been developed and are generally classified as technological
pedagogical, or content based. Some of these have divided the elements of programming
languages and rated them from a low and high level of comprehension in order to create
instructional strategies to provide the student with optimal learner support such as in the
paper “Computer programming and novice programmers” (Piteiral, M., Costa, C. 2012).
Other interesting solutions include visually conveying programming concepts such as in,

“Learning Programming Languages through Corrective Feedback and Concept
Visualisation” (Watson, C. et al 2011), designing knowledge bases created for the purpose
of analysing programs to see how they are constructed such as in “Design of a Knowledge
Base to Teach Programming” (Weragama, D., Reye, J. 2012) or proposing authoring
guidelines for the creation of learning materials for the computer programming novice such
as in “Computer Programming Course Materials for Self-Learning Novices” (Okamoto, M.,
et al. 2010). In this paper inefficiency is highlighted as an issue and through my previous
experience with teaching coding in Art and Design | have found that due to the complexity
of the subject students can find themselves to be lost or confused. One possible solution
to this inefficiency can be found in the paper “Designing a Constructivist-base learning
environment: Using multimedia to engage students in a Malaysian classroom (Neo, M., et
al 2010). In this research they introduce problem-solving and say that “Creative thinking,
problem-solving, analysis and evaluation skills are very much needed in today’s
knowledge-based economy but still many graduates today are found lacking in them” and
claim that this is resulting in a move towards more constructivist-based learning
approaches. A lack of motivation is also an issue and in the paper “Learning motivation in
e-learning facilitated computer programming courses” (Law, K., at al 2010) there has been
the discovery that this can be improved through understanding ‘individual attitude and

expectation’, ‘clear direction’, and ‘reward and recognition’.

The move in computer science education since 2010 seems to be towards an
interdisciplinary approach through using multimedia programming environments. Guzdial’s
paper (2008) is an example of how computer science professors are attempting to
increase student engagement in the learning of computer coding through creating a more
visually stimulating curriculum. This could be ideal for visual artists but here it is being

looked at for computer science students.
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This research aims to find ways to understand the implications of this changing landscape
outlined in the literature review to increase the digital integration of coding specifically
within the visual arts. It will look at ways of increasing motivation though possible
outcomes and project based work. This could include marrying computer coding with other
emerging technologies. Ways to make coding more appealing will be sought out.
Computer coding does not tend to be a common skill in art and design so ways to
maximise student engagement will need to be found. Transferable skills will be highlighted

as well as ways to progress into more complex territory.
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3. Methodology

3.1 Introduction

A primarily qualitative approach is being used within this research which will involve a case
study with data collection. However some quantitative questions where added to the
student questionnaires to ensure a broad spectrum of students were part of the research.
Once a sufficiently diverse population was attained the decision to end the data collection

could be justified.

More specifically, the collective case study will be used as | will be studying multiple cases
in the single research study. This subjective approach has been decided upon as the
opinions of all people partaking are being sought in order to achieve a holistic and
descriptive view of the Creative Coding landscape. It is hoped that many different concepts

and theories will be presented to explain how the research outcomes can be achieved.

The methods of data collection will be interviews with professionals within the creative
industries, and questionnaires with visual arts students. The information gained will be

combined with pedagogical theory regarding technology in the arts.

The case study is being employed as the roots of the case study are interdisciplinary and
the research itself traverses computer science and art and design. The people being
interviewed within the creative industries, for example, though all “technical creative
practitioners”, will inevitably learn more towards Computer Science or Art and Design but

all will be bounded by the concept of the creative use of Coding.

The research aimed to look at coding in the “coding for all” landscape as mentioned in
the literature review. Coding was being looked at as a universal skill and so looking
across several disciplines aimed to capture data with this idea in mind. The scope of the
research was limited to the Arts, and more specifically to the Visual and Applied Arts.
This finite list of courses meant that although multiple disciplines where looked at,
those disciplines were not worlds apart from one another, and in fact contained many
close associations. A key part of the research was looking at how students who were not
from a computer science discipline could engage with computer programming which is

why the visual and applied arts was chosen. The research questionnaire was qualitative
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in nature. The three quantitive questions at the beginning of the questionnaire were
added as a quality assurance measure to make sure a broad spectrum of student opinion
was gathered. At this stage in the research the outcome was to identify a way forward
that could cater for the entire student population of an Art School or Creative
Institution. Further research and case studies into this area could then become more
specific and look into specific discipline, age grouping, gender and other key identifiers.
The year of study, specific discipline and level of experience was documented against
the answers from the students and included in the appendix. This unique contribution to

knowledge is available to be built upon with further research.
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3.2 Interview Design

Interviews will be designed and arranged with programming and coding professionals in
the Creative Industries. These types of interview are flexible (Bryman 2008). Though there
will be a guide to the interview, the interviewees, and indeed the interviewer, will be
allowed to deviate or even depart from the guide, in order to transcribe rich and detailed
answers, capturing the interviewees’ broader understanding of the Coding landscape
within creative practice. There will be transcription of the interviews and subsequently
analysis of the transcripts. The information collected combined with the information
gathered from students, and the teaching and learning principles regarding technology in
art and design will begin to triangulate a strategy for the digital integration of computer

coding within the Visual and Applied Arts.

The following is descriptions of the professional interviewees who have been anonymised
as per the ethical framework of the research. They have all signed the agreement (see

appendix) which are not included in the submission but available for inspection.
* Interviewee 1

The first interviewee is an expert on coding for the web, blogging, and content
management systems. They co-curate an open source national coding festival and

have extensive knowledge in hardware and software “hacking”.
* Interviewee 2

The second interviewee is a leading member of a creative coding arts collective.
They are a prolific user of physical computing technologies. They have done
numerous installations using coding and have extensive knowledge of other

technological applications such as OSC, DMX, and MIDI.
* Interviewee 3

The third interviewee is part of a new tech start up company. They are also an artist
using creative coding. They run events for people interested in Processing.
Processing was made for Artists and Designers with an interest in generative and

visual computer arts.
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* Interviewee 4

Interviewee 4 runs a co-working space that focuses on Physical Computing,
Creative Coding, Software Development, 3D printing, Laser Cutting and other forms
of digital fabrication. They contributed the IP addressing system for the Arduino

board and run many workshops in the use of Arduino.
* Interviewee 5

Interviewee 5 is a long standing member of the new media art community. They
have developed and delivered educational courses relating to the combination of
technology and art in universities across the country. They are a prolific researcher

into the areas of virtual space and telematics.

The interviewees will be encouraged to discuss what they feel Art and Design students
should be aware of and what they remember as being problems when they themselves
learnt different forms of coding. It is hoped that their opinions will form the basis of the
strategies of teaching to non-computer science students. The rigid schedule of the
structured interview was not chosen for this reason as here even the slightest deviation
from the guide has the potential of unlocking these strategies and given complete freedom,

greatly improves the chances of this happening.

The semi-structured qualitative interview has been chosen predominantly as there are
already some questions that need answers; however the interviewees’ points of view in
what they see as relevant and important are of the utmost importance to this research, and
so much leeway will be granted when the interviewee responds to questions to the point of
an unstructured interviewing technique being employed, where the interview takes the
form of a conversation (Burgess 1990). As there is no quantitative outcome there is no

measurement to have its reliability or validity compromised (Bryman 2008).

Questions have been formulated to ensure depth is obtained. These will be injected into
the conversation and with other follow-up, probing, specifying, structuring and interpreting
questions as and when necessary. Silence will also be used as a means to control the
pace and for reflection (Kvale 1996). Kvale (1996:133) gives us nine forms of questions,

some of which are listed above which | will use as a framework. Questions were
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elaborated upon where necessary using the explanations in this section. The main

introductory, direct and indirect questions in the semi-structured guide are as follows.

The first question to get things going was “Can you tell me about yourself and your
uses of coding in your creative practice?” This created an easy starting point for the
interviewee and allowed them to talk about themselves for a little while. As relevant points
arose the interviewee was asked to elaborate and where natural pauses occurred
contributions where made by the interviewee. Efforts where made to never talk over the
interviewee and to welcome the information being volunteered. The aim here was to create

a friendly collegiate conversation.

The next question was originally one of the final questions however it was moved into
second place in order to add some context to the conversation early on. The question
“How do you think Computer Coding is perceived in Art and Design in the UK, and
does there need to be a change?” aims to map out the current climate in the UK with
regards to Computer Coding in the Visual Arts, and to broaden the subject matter so that

the conversation did not begin by going down a select or too narrow a pathway.

The third question aimed to look at how Art and Design Students could be assisted in
engaging in computer coding, but this seemed to overlook a more fundamental question
which is should Art and Design students learn Computer Coding at all. Although the
answer may be obvious the rationale behind each of the interviewees opinions offers a
wealth of information and knowledge to the interviewer and this type of open question
could possibly reveal multiple avenues of investigation. So question three is “Should Art
and Design students learn Computer Coding, and why?” Are there other alternatives

for artists or other ways to fulfil their practice.

The answer to question three would also dictate the course of the rest of the conversation.
Though it seems difficult to believe that this question would ever be answered negatively,
such an answer would hopefully create important followup areas for investigation.
However the goal of the research regards the best ways to integrate these technologies
into Visual arts practice and so the next question becomes “How can we get Art and
Design Students to engage in computer coding?” Due to the fact that experts in the
Private Sector, Cultural Arts Practice, and Academia are involved in the research, many
points of view will be gathered on the matter ranging from, experiences in teaching,

experiences in learning, and experiences in practice.
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The fourth question was originally “What kind of support do you think is needed; Teaching
or otherwise?" however this question was considered too vague and also would not make
sense to all of the interviewees and so question four was changed to “What problems do/
would you envisage art and design students experiencing when learning and using
Computer Coding?” This would reveal similar information and would allow interviewees
to talk about their own teaching experiences or their own learning experiences and aimed
to discover the answers to a question posed in the student questionnaire but from a
different perspective.

The seventh question was “How should Computer Coding be fed into art and design
degree programs? What are the best methods of delivery?” It was hoped that all the
questions could be completely universal which was one of the reasons the previous
question was changed however this was unavoidable as the context of the research
directly related to Higher Education. It is acknowledged that this question may be
problematic to those interviewees who do not work in education, However it is worth noting
that all of them would remember their time at university and many of them still collaborate
with universities and engage in some form of teaching and research on the matter. The
question aims to look at different ways and different combinations of ways to integrate

Computer Coding into a Visual Arts curriculum.

The next question is similar but worded in a slightly different way so as to get all available
options to the surface. This question; “What kind of structure would support students
of different levels of proficiency and Computer Coding abilities?” broadened the
conversation to think about all students as a whole who come from different backgrounds
and who will all have different abilities and levels of interest. Ideas generated by the last
question regarding delivery may need developing or even changing in the light of this

question.

Question 9 aimed to look at the relationship between the academic and the technician.
The question is “In your opinion how would the roles of the technician and the
academic come into play in regards to this subject?” The aim here was to look at how
academics and technicians are perceived today. What is the role of the technician and
what should they offer students. This question is particularly relevant in Art and Design

practice where the technician can often work closely with the Artist or Designers to
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complete great works. Also Computer Coding is an inherently technical subject, being from

the sphere of Computer Science so this question is particularly relevant in this research.

Following on from the last question the next logical question is “How can we generate
cross-departmental or interdisciplinary collaboration?”. Is there an opportunity here to
reconnect the Arts with Science. Can we develop a learning environment that has both
types of students working together and sharing experiences. What are the best methods of

achieving this and what are the possible outcomes.

The eleventh question was a topical one and one of the reasons the research was
undertaken. It is regarding the change happening in secondary education that will naturally
impact on higher education when the pupils arrive here. “The UK secondary school ICT
curriculum has faced heavy criticism for its lack of Computer Coding. What are the
implications for H.E?” The researcher is aware that soon we may have more students
with basic computer coding ability. Is Higher Education ready to receive these students
and take advantage of the skill base they already possess? Will they all have these skills

or will we receive a broader range of skills. Will our curriculum be built to handle this?

A final catch all question was used in the form of “Is there anything else you would like
to add on the subject?”. This question aims to uncover any ideas that the interview
experience has created in the interviewees mind. Time will be given to allow the
conversation to be adsorbed and for any new ideas or questions to rise to the surface. The
researcher has the utmost respect for the interviewees choses and so much courtesy will

be afforded to them during the interview process.
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3.3 The relationship between the expert professionals and the

student voices.

The research looked at two groups of people. The first was a group of creative
professionals who both had extensive experience in their own personal and professional
endeavours but also extensive experience in the visual and applied arts within higher
education. This provided me with knowledgeable professionals within the context of my
research. The second was a group of students from within the visual and applied arts.
This provided me with the other side of the experience that was the focus of my
research. Questions were formulated in a way to extract the most information possible
from the first group creating a wealth of avenues of investigation within the subject of
the research. The second group were asked related questions that were open ended and
to a certain extend open to interpretation. They were also available online to be
answered and anonymous. All these factors were to encourage engagement from the
student population. The questions were however carefully designed to investigate and
clarify the problems students faced, the perceived difficulties they had, the
improvements they may want in their education, and the ideas they had for the future
of the subject. It is hoped that concurrent themes can be identified and both sets of

responses can be used to evidence one another and make the data gathered richer.
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3.4 Student Questionnaire design

This first question aimed to find out how much students new about computer coding. The
question was first posed as “what do you know about computer coding?”. It was decided
that this was vague and abrupt. Also it had the capacity to alienate student who didn’t
know very much which could have been a large percentage. The question was changed to
“As an Artist or Designer what are your thoughts on the use of computer coding?”
As an opening question this looked far more accessible and friendly to undergraduate
students of all capabilities. Also it could capture what they thought of coding as well as
some of what they knew about it. More information on their abilities could then be captured

later in the questionnaire.

The second question aimed to build upon the first question by finding out some of the
students’ abilities in the area. Again “what do you know about computer coding?” would
have been to abrupt so the question was worded in this way. “What experience have you
had with computer coding?” This allowed students who have not coded but who have
seen it used to have a voice. It enabled students to talk about they’re indirect experiences
as well as any coding they had actually done. It did not assume that the students had any

coding knowledge which kept the question friendly and accessible.

The third question aimed to discover hurdles or pitfalls that students had experienced. The
question “what difficulties do you have when learning computer coding?” was changed as
this assumed that the students had already attempted coding and implied some failure on
the students part. The question was changed to “Has anything stopped you from
learning or advancing in computer coding?”. The question formulated in this way
allowed students to talk openly about their experiences with coding including some of the
problems they had faced, but placed no burden on the student to admit failure as
something as simple as time constraints could have been a perfectly valid answer. The

question is also designed to illicit answers from all levels of programmer.

The fourth question aimed to find out if students wanted computer coding in their
curriculum. The question “Do you want to learn computer coding?” was a closed question
and immediately abandoned. The question “How much about computer coding, if any,
would you like to learn?” was used in the hope that it would illicit a cross section of

responses from those who wanted a skill set for their CV to those who wanted to engage
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with it as a practice. It also allowed for multiple applications of coding to surface that
students had been excited about and had the capacity to reveal new applications of coding

thus undiscovered by the researcher.

The fifth question aimed to find out what students thought they could do with computer
coding. The question “what can you do with computer coding?” was too broad, vague and
demonstrated a lack of knowledge about what was being asked. The question “What
benefits do you see arising from gaining knowledge of computer coding?” was used
to find out what students thought they could do with this skill both on paper and in practice.
It could be argued that they question is slightly biased, implying that there are only benefits
to be gained from knowledge of computer coding, but the question was kept as the
students could easily answer “none”, and, this research is based on previous experience in

the field, and is looking to integrate this technology more fully into Visual Arts practice.

The last questioned looked to confirm problems that students faced with computer coding.
Although the previous question i.e. “Has anything stopped you from learning or advancing
in computer coding” touched on this subject the question was reformulated to get as much
information as possible from the students as this is one of the primary investigative
pathways. The question “What problems do you think art and design students could
experience when learning computer coding?” was used as this made students not only
think of themselves but of others. It was designed to make them consider their classmates
and indeed students all around the country, and possibly the world, who are in a Visual
Arts discipline and possibly struggling with computer coding. By collecting this outside
perspectives it was hoped that the research would discover as much as possible about the

difficulties Visual Arts students face with computer coding.

A final catch all question was used in the form of “Is there anything else you would like
to add on the subject?”. This was aimed as those students with a burning idea or
comment they felt did not fit into any of the other questions and also to those adept
students who wanted to elaborate further on salient points or even just to demonstrate
their knowledge, again, with the possibility of unearthing something which the research

had overlooked.
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4. Evaluation

4.1 Introduction

The following section will bring together a summery of the answers given to each question,
it will also form some early conclusions based on the answers given. It is important to note
that the questions were designed to deliberately overlap with one another so as to draw
out as much information as possible. It was an open semi structured conversation and as

such the answers to each question also overlap with one another.
4.2 Evaluation of Interviews

Interview Question 1.

How is computer coding perceived in UK and in art and design does there need to be a

change?

The main point to take from the answer to question 1 is that the view of computer coding
has changed to a certain extent and is continuing to change. Coding is broadly embraced
and most people would want to see its use in Art and design education and in some
creative circles outside of computer science it is totally accepted. A lot of people still don’t
see code as art and there could still be further change in how it is perceived. There is a
school of thought that would say that the process of writing the code itself and debugging
that code is an art form. Others would say what the code generates is the art. There are
movements in the UK promoting the fact that code is art. Digital Technology and Art cannot
be separated anymore. Digital Technology is too embedded in society. Everyone should
learn computer coding, even art and design students. It is part of everyday life and is
engrained in everything people do, so if you don’t learn the language you are cutting
yourself off. Too many people don’t want to know how things work. They just want a box
that you switch on. Code allows you to interface the real world with the digital world. It
seems strange not to have new technologies in the classrooms. There has been a large
improvement in Liverpool where this research is based especially now that organisations
like FACT have had an impact on the scene. If you look back 10 — 15 years there were
separate camps of “digital media art” but that has become much more part of art practice

and people are much more switched on across all art practices and see digital art in some

Page 22 of 64



form as something to be integrated. This technology introduces you to open source
environments which not only applies to the web but also to digital fabrication and
interactive technologies. There are cross over opportunities here by getting computer
science students to create the back end of a website for example and art and design
students creating the front end. This would mimic the workflow in industry creating a
graduate skill set that would be appealing to employers. The environment of computer
science schools are however different to the studio or visual arts environment, this is what
students are used to and changing this may not be conducive to their practice and their
learning. There is a different learning methodology involved. A lot of students may be
surprised by being faced with programming when leaving A-LEVELS. Students may be
taken aback by that. This raises an interesting concept about the notion of self. People like
others to perceive them in certain ways. If they model themselves as an artists sometimes
they don’t want to be seen associating computer science or with people in suits or
capitalism for example. If people are generally artistic rather than being engineers they
may have trouble in learning to think in the logical way that coding necessitates. Also
digital Art is not always coded very well as artists are using a limited understanding of
code. So any change that needs to happen needs to be tempered and carefully thought
through before implemented. The power of online communities is an important one. There
is a whole online world that can assist students, encourage students and help students to
engage in new technologies and discuss their ideas with likeminded students or
professionals in online forums. This creates much opportunity for development. The

concept of time has changed now that people are constantly connected.
Interview Question 2.
Should art and design students learn computer coding and why?

If they’re going to do digital arts then they definitely should however there comes a point
where you need a better understanding of programming to accomplish advanced
applications of computer code. The principles of coding, computing and networking are
important to learn for any Visual Arts student. Not about any particular language, but
knowing what it is and what the potentials are of it. Coding isn’t just about sitting in front of
a computer and crunching algorithms it is about systems. Coding and programming can
open up different ways of thinking about things. If they can grasp what coding is and what

computing is they would be much further on in their development. It should be an option.
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Its the same as electronics. Collaboration is important with this learning. Play and
experimentation is also important. The outcome is not the only consideration. The process
is also important. To flip the argument around why would anyone make the argument to
only use traditional media for art students. Older multimedia courses where just getting
excited about having things move around on the screens or programming screen based
interactions and now people are exploring the internet of things or maker based
interactions and this still hasn’t reached fruition in a lot of art schools. A key factor that
should be of interest to Art and Design Students is that You can also make projects that
are interactive or that do things. The student who comes to an art school now are different
to students who came to art school 10 years ago because they are digital natives who
have grown up with technology. Also the technological capabilities have totally changed.
There needs to be two options. It needs to be taught in depth for those wishing to engage
but also spread thinly throughout the curriculum to be used when needed. Coding needs to
be taught in a way that prepares students for the real word with real word applications and
does not simply teach it in isolation. The visual arts student can be given skills without the
need to learn coding to the level of a computer scientist. Coding should definitely be an

option but everyone should not have to do it.
Interview Question 3.
In what ways can we get art and design students to engage in Computer Coding?

There are tools that have been developed with this type of student in mind. Part of the
reason the Arduino came out was to for the interaction design students to learn coding and
electronics. It was made for artists and design but established at the Interaction Design
Institute. (IVREA) It was made to teach the design students there who were very much
graphical, product students and none “techie" with no formal coding tuition. Focusing
development around outcomes and projects makes the goal outcome orientated. Then you
can offer any kind of coding: coding written down on paper, coding that is sculptural,
coding that is numbers and mathematics but you ultimately have to describe the outcome
that can be discussed using the same methodology across these different outcomes.
Graduate teaching programs are beneficial. Bringing back graduates to do sessions with
students allows students to meet each other and share skills and get exited about what
other people can do. Website creation would be a good way because its relevant to

everyone particularly if you're an artist. If they had to do a bit of coding as part of this they
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may engage because they are getting something out of it. Its ok to copy and paste and use
other peoples bits of code and hacking other peoples code to get used to it. However
websites can also be limiting or even outdated. How often to you find websites that aren’t
updated or how often do you return to websites. Students could even build their own online
communities and use code it that way. They could curate online gathering work together

and displaying it under one banner.
Interview Question 4.

What problems do/would you envisage art and design students experiencing when

learning and using Computer Coding?

Learning to code will require a significant investment of time. Students will need
perseverance. You need to find supporting online communities. Everyones been where the
new student is now. There is lots of documentation of other peoples attempts and
mistakes. The more sophisticated you become to possible methods the more you can
connect with online communities and discuss. The artist may struggle interpreting an array
for example and how it works within computer coding. Its is a different way of thinking and
another language. The student mat have difficulty in understanding how to get to the end
product from a starting point of letters and syntax. Coding can be lonely, you need to be of
a certain mindset to sit there and work on it. When you are trying to do a project with no
background in engineering and coding you can be lost when you encounter a problem.
That is why different approaches in both teaching and learning are necessary to engage
the student. The teacher would be important. What happens when the student goes
through the teachers lessons and comes back with a project that has already surpassed
the level of the teacher. Opportunity to visit other departments may be necessary if you are
dealing with electricity on an engineering level for example. Accessing online communities
can be difficult. Knowing the etiquette of online message boards is a skill and questions
need to be formulated in the right way to elicit the desired response. Also accessing other
departments in university may be problematic. Does this require a level of agreement from
all the departments that isn’t really there in todays H.E. structure. Is there an adequate

sharing of resources.
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Interview Question 5.

How should Computer Coding be fed into art and design degree programs? What

are the best methods of delivery?

Coding could be treated as just another material and the students could be exposed to the
various application of it. Technology must be embraced but coding is not for everyone.
Some people could be steered away from what they want to do and marginalised. It has to
be available in a way that is comprehensive but also in a drop in studio environment. It will
not be for everyone so anything curricular should be an elective. Students will react in
different ways. Some will see it as easy. Some will see it as difficult but still want to engage

and some will not want to engage but may or may not be swayed with adequate support.

Getting people more into using the web and exposing them to that. People don’t get forced
to build their there own website. Its useful for people to be online. This enables people to
have online portfolios and it can make them more employable. Visual arts students and
creative people can benefit from being visible to prospective employers online. Websites
can be also outdated in the the sense that they are not always updated and not often
returned to. So in a professional sense, as opposed to an employability sense i.e. for a
professional artist and designer, other avenues need to be considered. The good thing
about websites is the fact that can be online communities. Creative people can use the
coding skills to develop their own online community. Curation online is also an interesting
opportunity. People can gather work together and put it under one banner, or multiple
students could co-author one single blog loping at a single topic. This would make the task
of frequently updating the web easier as there would be multiple contributors. Students
can learn by doing and be motivated in an outcome driven learning model. Student need to
see the benefit from what they are learning. They can also use prefabricated Web Design
environments to make things easier. So developing Wordpress themes, Drupal or tumblr
can give them good starting skills and help them develop. They would not have to do the
database coding which can be perceived as more difficult and instead design the front end
or skin but still progress into more complex territory with javascript. This could be optional
or be part of small credit modules. An intro to programming classes would be useful using

simpler programming environments.
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Interview Question 6.

What kind of structure would support students of different levels of proficiency and

Computer Coding abilities?

This is important as a diverse student population is to be expected. Its important that the
teachers are also practitioners as the use of technology is constantly evolving some
people need to be onto of their field and actively engaged with it. There are always issues
of staffing levels and resourcing. Good staff are key to supporting this. Not only within the
subject but the communities surrounding the subject and the conferences, festivals, and
open lectures around the country and the around the world. You have different levels of
proficiently in both the students and the academics. Peer supported learning may be an
option. Bringing back post graduate students could foster a creative community with
creative coding. The community is key to allow people to learn from each other and
develop their collaborative skills. Online learning and self directed study will also be
important. Teaching students to interact with the wealth of support online could be a big
factor in their development. Again, project orientated learning could be key to keeping

students engaged. In a group scenario students could play to their strengths.
Interview Question 7.

In your opinion how would the roles of the technician and the academic come into

play in regards to this subject?

Both have roles to play as it is quite hands on teaching. The academic could have more of
a research background and be able to contextualise what is being learned. The role of the
technicians in art is a complicated one. An artist has an idea but doesn’t always know how
to realise the idea so technicians can be brought in to realise the project. Traditionally the
two sides where separate and not enough respect between the two roles. Often the
technicians won’t get the credit they deserve, some technicians do just give access to
equipment but there are others which are more interested in their discipline. Then they are
getting more towards being lecturers but that is an artificial distinction. There needs to be
more crossover The roll of academic it to keep up to speed with the students and to know
all the things that you can do with the subject at hand. But they should also know what is
worth knowing and what isn’t as you cant know it all. Technicians need to be more

interested in helping people who want to learn and academics need to appreciate technical
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ability. This also points towards a new form of technical academic someone with high

technical ability but who engages in research and scholarly activity.
Interview Question 8.
How can we generate cross-departmental or interdisciplinary collaboration?

Collaboration is complicated subject. It is very challenging to accomplish in a Higher
Educational setting. IT can be an amazing thing, when the project can go in different
directions to places you never thought it could due to input from multiple parties. Joint
projects are the obvious place to start. Collaboration is not however the process of
facilitating someone else's project. The term collaboration can be misused in this sense.
Technicians for example are a facilitators as opposed to collaborators. If they collaborate
then they become something different. Collaboration throws up a lot of questions about
ownership and where the line is drawn. You need to understand what other people do in
other disciplines. If you work in a team with people of a different skill set its important to
know what they can do, so you know where the crossover point is. That relationship can
be frayed and people can get disgruntled. Good relationships can be forged when both
parties are working hard towards a common goal. Massive questions can come into play
such as how are departments structured, how resources are allocated, what time
management system is in place. Departments need to free time to allow for the
collaboration or for other departments to come into their space. It looks very good on
paper but its incredibly hard to implement. Is the H.E. model conducive to this kind of
agreement? Does this require a level of agreement from all the departments that isn’t
really there? Interdisciplinary interaction can take place from the fact that the people are
there in the same room and are from many different backgrounds. This makes cross over
and cross pollination possible through general conversation rather than any structured
approach. There is no need to redesign the university from the top down but if space could
be created for different approaches then this would be beneficial. Another option would be
brokering. Putting together meaningful projects and bringing in student teams to complete
various aspects. If you have public realm engagement and a real and meaningful output it

can be a powerful motivator and also it forces you to reach a level of professionalism.
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Interview Question 9.

The UK secondary school ICT curriculum has faced heavy criticism for its lack of

Computer Coding, what in your view are the implications for H.E?

Its good that we are getting more programming in the curriculum. It has big leaps to go.
When raspberry pi came out it started attracting more young people into hardware and
software use, creation and hacking. We need to be ready to receive those students.
Whether or not there will be compulsory programming lessons will be the question. If it is
compulsory then that could be good because artists and designers would have experience
however if it is not they may not elect to do it. The university may not necessarily receive
more interested people but those who are interested in coding and the arts may be more
skilled up. This may be beneficial to a university looking to build and support these
activities. Art colleges and universities might not be ready for a new influx of computer
programmers. There is a lot being talked about regarding this generation of digital natives.
So universities may get more digitally literate but not everyone will learn to code. This idea
that we will receive a tidal wave is unfounded. Education is shifting. It may not be shifting
rapidly enough to create a massive change or as quickly as some interested parties would
like. An interesting concept that is raised is that of knowledge. The generations growing up
with the internet treat facts and knowledge differently. The internet provides us with a store

of facts that we don’t necessarily need to know ourselves. They just make use of them.
Interview Question 10.
Is there anything else you would like to add on the subject?

Curriculum development and what we are facing in the future must be considered. It may
be more community driven than sector — we can influence this through our research. That
is the only way we can have sway over what happens. Open learning and "MOOCS"
should come from the research community — Research is Key — Research community

much retain influence on online learning .

The more the institutions become focused on teaching the less they will control what they
are delivering and they will deliver more for the demand of the industry and student

perception. Research must be influenced by industry but also shape industry. ldentifying
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new creative industries, interface design, ludics. Don’t mass produce students — find where

the next generation or new avenue of interest is going to be or lead.

Thankfully the world has changed. It didn’t used to be cool to do programming but now it is
not seen like that. It is part of everything we do, smartphones, apps etc and people are
wanting to know how to make apps. This may be another way in by making apps,
frameworks exist that make cookie cutter type apps that people can then customise. This

would be another good skill to take into industry.
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4.3 Evaluation of Questionnaires

The questionnaires were returned by 40 students within the Liverpool school of Art and
design some of which had graduated by the time of their response. The launch of the
online questionnaire was timed in order to get the broadest cohort possible including both
leaving graduates and new level four undergraduates in an attempt to capture the opinions
in hindsight of the leaving students and the hopes and aspirations of new students. The

answers to the first three quantitive questions are in the tables listed below.
Questionnaire Question 1

The students were split into the following degree programmes.

Course Number of Students %
Architecture 7 17.5
Fashion 4 10
Fine Art 3 7.5
Graphic Design and Illustration 17 42.5
Pop Music 1 2.5
Masters Architecture 5 12.5
Masters Fine Art 1 2.5
PGR 2 5

Questionnaire Question 2

The students were split into the following levels of education.

Level Number of Students %

4 1 2.5
5 5 12.5
6 11 27.5
Graduated No Further Study 15 37.5
Post Graduate Education 8 20
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Questionnaire Question 3

The students were split into the following levels of proficiency.

Coding Experience Number of Students %
None 19 47.5
Beginner 18 45
Intermediate 3 7.5
Advanced 0 0

On first glance we can observe an imbalance in the response rate from graphic design and
illustration. This needs to be taken into account when evaluating the results. The initial
idea of gathering information from new level four students on their thoughts of computer
coding in art and design has unfortunately failed as only one level four student has
responded. This may be due to the fact that level four students may have yet to form an
opinion on the subject or be exposed to the subject. This could be an opportunity for a
further research paper. Gathering responses from leaving students and post graduate
students has however been a success with 57.5% of the students responses falling into
these categories. A good cross section of coding ability is represented which is pleasing.
None fall into the advanced category which was expected and the majority of the students
have none or are in the beginner level of experience. The questionnaire may have
attracted students whom already have computer coding somewhere on their radar. A more
random selection of students may provide different data. This may create the possibility of
a biased data set but this does not discredit the questionnaire as it is possible that there
could always be a divide between students who wish to engage with coding and students

who do not. This will be addressed further on in the research.
Questionnaire Question 4.
As an Artist or Designer what are your thoughts on the use of computer coding?

From this point the questions, and indeed the main body of the research, are qualitative.
Within the answers to the fourth question many positive comments where cited about the
computer coding describing people who code as people to go to and even aspire to. It was
acknowledged that coding is a new, underrated skill that you can do some truly amazing

things with it. It was described as “Very beneficial” and a “very useful tool” that can be
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used to create your own creative tools. Some who had little understanding of what coding
is knew they wanted to understand more, and appreciated that their practice could be
enhanced by knowledge of it both through inspiration for new ideas and applications of
practical skill. Some found it very enjoyable to engage with and where amazed at its

capabilities.

The idea that coding is a current concept is acknowledged describing coding as something
in the here and now. In this time where interactive computer technologies are pervasive,

art should be a reflection of this modern, computer led time.

“I believe art ought to represent the time in which it is conceived. Computer coding must
be considered a fundamental influence on the designer and, even if unused, ought to be
acknowledged in the studio. Too often projects exhibit a superficial understanding of

coding and in doing so undermine the value of ideas.”

Even if it is not fully engaged with, it was noted that coding is not something that can be
ignored. It needs to be tried to give students experience of designing and creating in
different ways. It has its place in the art and design studio and it should be explored to see
the different ways it can be incorporated into the students work. The idea of randomness

and creating by accident is also an interesting concept that arises.

Employability and the broadening of skill sets is a key theme which arises when the
students discuss computer coding. Some students see it as a way to get ahead of the
completion giving them the edge in the jobs market. The Coding skill set compliments the
artistic and design abilities of the students, pushing them ahead of the pack and making
them more employable. Even if not excelled in some knowledge is seen as an enabler of
collaboration by giving students the vocabulary to communicate with professionals in other
sectors. Some only wish to possess low levels of experience in order to engage with web
design tools such as Cargo and Muse which are adopting the prefabricated yet

customisable template set out by companies like WordPress.

However, there are hurdles that the students perceive that need to be overcome. To some
the language is alienating and coding feels worlds away from what some artist and
designers might “usually do”. Ways to be expressive with coding are not immediately

apparent, only that it may creative something that might itself be expressive.
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Some found it daunting, complicated and confusing in many aspects, and were only able
to engage with it using simple applications or prefabricated examples. Lack of knowledge
of what coding even is and how it can affect their practice is apparent in some, and lack of

experience in others. It is acknowledged that basic principles are missing.
“I view it from afar with a mixture of curiosity and vague foreboding.”

Although it appears to some students that coding seems to unleash endless possibilities,
they are not sure exactly what these are and the whole thing seems out of reach. The
perception that it is all too complicated is still present, and that only students and
professionals in the Information Technology sector truly engaging with it. It’s under
appreciation is blamed on its steep learning curve and improvements in accessibility are

seen as a slow process.

There is an increased pressure on designers to know some form of coding which may be
exacerbating the problem of learning it. Some students see people in the art and design
industry as being increasingly required to possess a multi-faceted skill sets, and are
seeing computer coding ability appearing as a requirement on more and more job

descriptions.

The students have identified some examples of ways they could engage with computer
coding with web design leading these examples for the students own self-promotion and
employability and at varying levels of expertise. However other interesting examples arise
such as: the use of coding to create visuals for fashion catwalk shows; to program
Arduinos which are micro-controllers made for artists and designers; the use of Isadora
and Max/MSP which are visual forms of coding; the use of Processing which is a language
designed for artists and designers to create graphical projects such as generative arts,
which is also mentioned. Another interesting concept mentioned was to use code as a
means to create your own digital tools and not be constrained by the computer

applications that are made available to us by companies such as Autodesk and Adobe.

This is useful information as it shows paths that students are already engaging in. The
research will look further into these technologies as well as other concepts that have been
mentioned in the answer to this first question including: How we take this forward; there is
still room for improvement in this area with a number of perceived difficulties: how do we

get students to overcome these and engage; web design has been mentioned as an
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outcome driven option as have Arduino, Processing Isadora, and Max/MSP as good
starter technologies. Logical thinking; It was mentioned that coding created a different way
to design and create, and this is not necessarily something a visual artists may be used to.
Creating the tools yourself; it was mentioned that students could be confined by the
computer application that they use and that computer coding could be the real tool that
allows them to express themselves. Employability was a reassuring theme. Students
mentioned this being a valuable addition to their skill set. Learning by accident, or
randomness illustrated a potential a better way to learn and to possible have the capacity
to enhance the students learning experience. Crossing over disciplines; what technologies
cross over disciplines and how can we generate interdisciplinary collaboration. Awareness
and the student perception; Some students are still unaware of what coding is or the full
potential of its application in the Art and Design Sphere. Others still see it as I.T.

(Information Technology) and worlds away from what they do.
Questionnaire Question 5.
What experience have you had with computer coding?

Much interesting information was gathered from the answers to the fifth question. This was
surprising considering the simplicity of the question and the complexity of the answers.
Firstly some students cited experience in the technologies mentioned in the first question
including coding websites Arduinos, and Processing as well as node based applications
like Isadora, Quartz Compose and Module 8 (Max/MSP is also an example of a node
based application). Most of the examples however cited coding for the web as the primary
application so far. There was a range of uses of web coding technologies from students
only “tweaking” CSS in content management systems such as Cargo, Joomla, Wordpress
or other forms of blogs, to students coding full websites from HTML and CSS, students
coding in JavaScript and jQuery which can make websites more transitional and
interactive, and even students looking at languages that facilitate the back end of websites
such as PHP. This is very encouraging information and shows that there are some
students already engaging in many forms and levels of coding. Finally there was mention
of C++, Java (of which processing is a derivative) as well as C# and ASP.net. Though this
is truly impressive for an Art and Design student, it is hard to believe that this is the norm
or even common among students of these disciplines. More investigation may be needed

here. Three possible places where students have acquired learning have been identified.
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The first being the university tutor, and the second being an online training facility, namely
Code Academy. This shows another option for students to learn by accessing online
resources and learning communities. Thirdly there was some mention of some learning
happening before university. This is encouraging as it shows that some secondary schools
are trying to push forward with coding and could be a sign of things to come with the
current government initiatives to get more coding happening in secondary schools,

something that universities obviously need to be prepared for.

A number of students simply listed “none” in their answers to question two. This could
possibly be due to lack of awareness, lack of opportunity or not wanting to. This needs to
be investigated further and may be elaborated on in later questions. Some answered none

but acknowledged that they could see some potential in learning it.

“Absolutely none, but | would be willing to learn as | feel the digital world only opens more

windows of opportunity”

Some students cited that coding could help them to display their work in different ways;
could be used in employment such as digital media marketing; and could be used in
creating interaction with a space, both by heightening the experiences within and by
creating points of interest. One student cited needing a very good reason to engage with
computer coding. This | find interesting as it points towards the idea of outcomes being key

in generating student engagement.

More interesting themes are being discovered here including: Varying levels of
engagement; students are discovering many ways to engage with coding ranging from the
simple to the more complex. Allowing this flexibility has the potential to be inclusive of all
students and enhance student satisfaction. Awareness or lack of interest; some students
may not want to engage at all but some may just not be aware. We must increase
awareness and allow student to make an informed decision regarding whether they want
to engage or not. Outcomes may have the potential to drive students forward in this
endeavour and websites seem to be the best contender with art and design practice as a
close second. Clear outcomes need be identified to encourage this mode of
learning?.Online training and leaning communities could provide a viable alternative
support structure, these need to be assimilated into the university support structure.
Coding can complement an art and design skill set and this opportunity needs to be used

to its fullest extent.
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Questionnaire Question 6.
Has anything stopped you from learning or advancing with computer coding?

The answers to question six elaborated on why students find it hard engaging. Having to
learn a new, scary and alienating language was a barrier. The learning curve was steep
and the inclusion of mathematics did not help. It was described as dry and frustrating and
some did not know where to begin and found it difficult to learn leading to a feeling of
being overwhelmed. A lack of immediate returns gave no positive reinforcement. A lack of
a purpose, outcome, or practical application disinterested some students. A lack of time in
university was cited again and again as the reason why students were unable to engage
and outside of university they were unable to find support. Support was also limited inside
the university as students were unable to access appropriate staff or other contacts. Some
students simply did not want to engage as their practice involved more traditional methods
and some have never had it offered or were unaware. A lack of experience before coming
to university was seen as a missed opportunity. Having no prior theory or knowledge
hindered student progress. It was pointed out that after a student returned on many
separate occasions coding did begin to make sense. This is something | have realised

myself. After a few attempts more and more was learned.

Some students interestingly mentioned no problems. They found motivation easy and
learning resources to be accessible. Self-directed learning was evident here which is cited

by one student as the key to success in this area.

“ | would say that the principles of all software education is that one must have the

responsibility to learn for oneself’

Other students required a more structured approach and found learning in a class to be
more motivating. Inclusion in modules was cited as being required and an after-hours
social group or club was seen as a good idea. Coding was seen by some as
extracurricular and saw there university life as already too busy and unable to factor in

something like computer coding.

Finally two interesting remarks are included here. One student mentioned a bad memory

being the root of their problems and conversely one student mentioned their dyslexia as
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helping them get to grips with coding. This creates an interesting avenue of investigation

regarding how the brain works.

All of this points towards a mixed approach as a possible method of delivering computer
coding within art and design. Some modules could include coding and some after hours
extracurricular sessions could also be offered. Taster sessions may be a good way of
helping students with no experience before they have to deal with project driven or module

based activity.

The themes being generated by question six include: inclusivity; how we help students
with different abilities and needs. Diverse teaching; some students don’t want to engage,
some require structured module based teaching, some want after hours sessions or clubs
and some are completely self-sufficient. Awareness or lack of interest; Some students are
unaware of the possibilities and are unsupported in finding them. Some do not want to
engage. Foundational knowledge; Some students are finding their lack of prior knowledge
to be a hindrance. Programs need to be developed in order to help them to engage.
Outcome orientated learning; Some students require a purpose or end goal in order to
motivate themselves. Apparent difficulty; some students still find the learning curve into be
too steep. This needs to be made easier. The threshold knowledge needs to be delivered
to move student quickly passed the initial confusing stage ind into the visual

developmental stage.
Questionnaire Question 7.
How much about computer coding, if any, would you like to learn?

The answers to question seven asked the students precisely what they wanted to get from
using computer coding. Web design came up again and again in the answers to this
question. This seems to be something the students are interested in, which makes total
sense in the visual and applied arts where students have works that they wish to
showcase. One student mentioned using the summer to achieve this showing that
students are able to reach a level of self-sufficiency which is encouraging. The degree to
which they want to understand web coding varied greatly. Some mentioned playing around
with basic knowledge of HTML and CSS, the two standard front end technologies.
Knowledge of these would allow you to build basic websites or utilise and personalise

more complicated template frameworks such as WordPress. Some students wanted to go
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further mentioning building whole websites from scratch, some mentioned utilising
JavaScript libraries like jQuery to add interactivity and some even want to go as far as
engaging with back-end technologies such as SQL and PHP which creates databases,
stores information and enables e-commerce activities such as online shops. This seems

like a good skill set for an Artist and Designers.

Arduino and Processing were also mentioned. These two technologies were made for
Artists and Designers in mind and remove a lot of the complexity associated with computer
coding. The coding knowledge required is greatly reduced and the language and syntax
itself is simplified. On top of this there is a vast online community of support exists to

support the new learner making these two very interesting options.

Some students, though answering positively, where less prescriptive simply stating that
they wanted to know as much as possible. One stated that they would need a good reason
or outcome before they engaged. This shows a possible shift in the appreciation of coding
within Art and Design. These students may realise that there are benefits from this
knowledge or applications within their fields. Other students were looking to the future
looking for any knowledge that could help them with future job prospects in their field. This
aspect of employability seems to be a recurring theme as students appreciate the positive

repercussions of a diverse portfolio of skills.

There was a group of students with more vague answers. They asked for a basic
understanding of coding generally or, they had a basic understanding but wanted to know
more, or stated that they wanted to know what benefits there where and what applications
where within their field. The students who want to know more here, don’t state why or
maybe they don’t know why. These answers all seem to point towards an awareness

issue. One answer was very succinct.

“Would be interested in learning the capabilities and the possible outcomes of computer
coding and to begin with the basics of how to go about putting something together to

achieve an end result”

This answer in some ways shows one of the fundamental problems with computer coding.
Students in the visual and applied arts may not immediately see how the letters on the
screen translate into an end result which may take a variety of forms e.g. visual, physical

etc.
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Finally some individual students were very specific and diverse in their coding vision,
mention applications such as creating games with interactivity, creating 3D objects for use
within ArchiCAD, visualisation of music and projection mapping, learning JAVA, CC++ and
C#.

The themes from question seven start to cement the recurring themes throughout the
questionnaire write-up namely: employability; varying levels of engagement; awareness;
diversity of teaching; and outcome orientated learning. More themes are further developing
such as foundational knowledge and apparent difficulty in learning. Students need to be
shown how the code can create works of visual art. The gaps in knowledge need to be
filled to help students to make the mental transition from text to media. It seems to be
accepted that a shift is happening in the perception of coding within art and design which
is becoming more accepting. This shift will be fuelled if a change in the secondary school
curriculum sends more students to university with basic coding skills. Self sufficiency or
self directed learning seems to be a way to lessen the impact and also to create ambitious
students. Online communities offer a support mechanism for the technologies that are not
yet fully integrated into the curriculum. Finally e-commerce needs to be looked into and the

ways in which students not only make themselves employable but self-employable.
Questionnaire Question 8.

What benefits if any do you see arising from gaining knowledge of computer

coding?

Question eight revealed more positive contributions coding can bring on top of the more
regular aspects discussed so far. There were some general statements such as wanting to

learn something new and having greater understanding of technology.
“A base knowledge in any field can always prove useful.”

There were also some insightful comments such as the fact that universities could benefit
from students with a strong web presence. Also students could increase their problem
solving ability which is seen a core skill for computer programming. Designers who can
code would be more generally clued up on technology meaning they would not have to
reply on others as much. This could mean in terms of collaborative partners or needed

people to act technical liaisons to facilitate collaborative discussions. It is acknowledged
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that coding is a growing industry and coding is a key skill increasing employability as it
enables you to do work for yourself and for others, shaping the ever growing digital world.
Computer coding is cited as being essential to the ever advancing technology in today's

society.

The responses fall into two main categories: employability; and broadening the creative
skill set. Students saw coding as a way to broaden their skills, open more doors and
increase their successes in a career. Not only would the student CV be enhanced but
more advanced job opportunities would open up with many possibilities to apply coding
within them. Not only could it be used in the work created but in how the work is displayed
or presented to colleagues internally or the clients in outside world. Self-employability is

again mentioned as coding enables you to build your own business website.

The work created by the student with coding skills would then be more diverse, helping
them to stand out in the creative industry and giving them the edge over competitors.

Coding was seen by some as a whole new medium for creativity to thrive.

“Learning to code can give a whole new dimension to my work, as it gives me another

platform to work with”

The idea that coding allows you to be free of software applications resurfaces with the
concept of blank slate where you can create anything. This could stimulate creativities
ideas that could not have been conceived until moving into this new medium creating the
freedom to take your new ideas in unlimited directions. This stops creative resorting to
shaping their work to fit an existing software or structure, limiting themselves inside the

imagination of others.

Two interesting ideas arrive in the field of architecture that, in hindsight, have been
mentioned before but have been ambiguous up until now. Firstly, programming intelligent
buildings, or buildings with complex management systems to monitor carbon footprints,
heating, lighting etc. are enabled through computer coding. BIM, or Building Information
Management is currently big business in the world of Architecture and the appropriate
knowledge at all levels could be advantageous to the architecture graduate, both in terms
of how the model is presented (with possible interactive functionality) and how the building

is actually constructed.
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‘the RIBA Plan of Works for Architects, the work stages by which a building progresses,
has recently been overhauled to integrate BIM into it, which is an example of how
computer coding and programs are driving the profession and making it evolve to embrace

these new technologies”

Second, although it has been mentioned that coding provides an alternative to computer
applications, coding also allows you to engage with some applications more such as when
using action script in Adobe Flash or, GDL script in ArchiCAD. This further diversifies the
applications of computer coding and a supports the need to create a diverse and flexible

teaching and learning solution.

This interactive or intelligent element crosses over into the discipline of Fine Art where
students may want to make interactive spaces and installations or even create ‘useful art’,
a term currently in vogue in the fine are sphere. On-line galleries and interfaces to view art
all over the globe are also growing which possibility could create more online curatorial
practice. Generative art is also mentioned and Brendan Dawes is cited as an artist to

watch who interestingly uses the Processing language as one of his tools.

Another interesting benefit is highlighted in that coding enables students to not have to rely
on the use of prefabricated template websites such as WordPress and Cargo. These
websites on the surface seem very useful. They are fully customisable and allow you your
own domain name. It seems that some students would still prefer to have something that is
totally theirs in design, construction, and ownership. This is admirable and further supports

the argument for a diverse and flexible teaching and learning solution.

Ways in which people interact with websites, and the ways websites communicate to
people are also changing. This includes mobile websites and apps. Companies with an
advanced utilisation of coding can change the way visitors ‘experience’ the companies
online presence. This has been seen in accompanying apps for shows and gallery

exhibitions.

“Websites, for example, continue to develop new ways with which to communicate with
their visitors through the symbiosis of code and aesthetics. A wealth of opportunities lie in
being able to understand both the design of aesthetics and the code that builds a

foundation behind it.”
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The themes from question eight reiterate previous themes such as: Employability and
creating the tools yourself; however new themes such as: enhancements to students
portfolios; and universities benefiting from students online presence, both in terms of the
work created and how the work is displays shows that the students are generally accepting
of coding and the potential that it has to enhance work created by Visual Arts Students and
the their school as a whole. Some students are happy to experience coding for the sake of
it and see any new knowledge as beneficial. This is a very refreshing point to hear
especially in the context of learning computer coding. Visitor experience is mentioned as
well as intelligent buildings. Coding has the potential to create elaborate installations that
me be abstract or functional that can be both the students own work and something for the
institution to benefit from creating a strong relationship between the students and the
space they inhabit. The benefits and individuality that comes from coding from scratch as
opposed to prefab is mentioned, as well as the Software/coding hybrid model, which is the
ability to create your own medium/tools/rules. This stops creatives shaping their work to fit
an existing software or structure, limiting themselves inside the imagination of others.
Finally the problem solving skills that come from learning coding are seen as universal and

beneficial.
Questionnaire Question 9.

What problems do you think art and design students could experience when

learning computer coding?

The answers to question nine are diverse and revealing and illustrated the key difficulties

that students faced when learning computer coding.

Firstly, the actual complexity of it in an issue. The structured approach combined with what
some thought was as an alienating language was seen as a major problem when learning
coding. It was highlighted that this new way of learning was a regimented process and
artists and designers are possibly not used to encountering these types of boundaries and
hurdles. One interesting point was that it required a large amount of effort at the beginning
for little reward. This amount of effort for the most basic of concepts was off putting and
concentration was lacking. One student frankly stated that laziness can lead you to
immediately say that it’s just too hard. The terminology or wording of the coding

sequences, were seen as complicated which in turn made student feel intimidated.
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Students were said to need a reason or to really enjoy the challenge if they were to

engage.

“..as artists we tend to like the freedom to be creative and expressive. Although you can
be creative with coding, | think coding in itself looks rigid, and has to follow certain

structures and rules, which to many visual people may seem quite boring.”

How the code combines to create functions was illusive to the art and design students.
The technicality of it was confusing and quickly became overwhelming due to so many
new and alienating concepts. Finally the debugging or problem fixing phase was time too
time consuming and frustrating and they did not seem to be enough time to complete in
time for deadlines. The tedious nature of the process left some feeling unstimulated. For

some it is just not their field of expertise.

“Coding strikes me as a complicated ‘art' in itself, of which | would not be sufficiently
educated to enter at even a medium difficulty level, or have the sufficient basic skills

required to even understand coding in its most primitive form.”

Secondly, students felt that there was not enough time to get to a level where they could
seriously engage. To get to a level where they can start to learn autonomously and start to
make exciting projects of their own volition seemed too far away. One student highlighted
the need for it to be taught at level four i.e. their first year in university. This makes total
sense as they can start to apply their knowledge in subsequent years. This also seems to
imply that if they came to university already with general coding skills, taught at A Level
they would be in an even better position to engage with coding projects during their time at

university.

Thirdly, one key discovery that surfaced was that students did not see the relevance of the
technology within their field, or, more worryingly saw no practical application what so ever.
As they don't have any knowledge of computer coding, they don’t know what the
technology does or doesn't offer them. This points towards a serious issue of awareness
and contextual knowledge. One possible explanation for this is that students just do not

have enough experience with computer coding and possibly not enough patience.

Fourthly, there are still incorrect preconceptions or stigmas attached to computer coding.

Its seen by some as too complicated out of hand, too “nerdy”, and too difficult to bother
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with at all. Also students think they need A Levels in Physics and Mathematics to truly
understand. Coding can be seen as calculations and algorithms which it is but there are
languages that are able to create building blocks through code “snippets”. Art and Design
students may still find it hard to grasp and even restrictive but some of this boils down to a

lack of confidence.

Fifthly, there is the notion that Art and Design attracts more people with conditions such as
dyslexia which on the surface seems quite problematic in a language based medium.
However the language and syntax i.e. the letters, numbers and punctuation; are quite

mixed so this would have to be looked into further.

Many new ideas come from question nine. A possible hindrance to students is that there is
just not enough time to learn computer coding. It is too complicated and too alienating. It
can be quite daunting at first but surely there's no reason for it to be problematic. Some
find it boring or not stimulating. Again, lack of interest, of the applications of computer
coding is a recurring theme. Students need to be exposed to coding earlier. This may be
being addressed by the secondary school system and the universities need to reposed to
the students it is receiving. Some find their concentration to be lacking. Coding does
require much time especially in the debugging process. Can visual or creative thinking
keep up their motivation when problems arise and they have no formal training. Students
need to develop more autonomous modes of learning. Self directed study will be important
and this again requires a level of motivation that needs to be nurtured. Next is the concept
of the creative mind. Does a creative mind struggle with more of the practical elements of
coding in comparison to the creation of something visual without coding. Having a more
creative mind rather than a computer/technology driven mind could cause some problems
but | think they both can be adapted together to create a final project/result. An interesting
avenue arises here which is that of dyslexia and what impact this has. How does a person
with dyslexia respond to syntax as opposed to sentences. The stigmas coding has or the
preconceptions that students have have may need to be addressed. Multiple ways of
being introduced to coding need to be on offer to encourage engagement. Lack of
confidence is another problem. Anybody can code if they're shown how. However there is
an initial hurdle before it becomes accessible, and students need to understand that before

they write themselves off. They need to be supported through this initial process.
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5. Conclusions

Introduction

The research was original and rigourous. The questionnaires completed by the students
and the interviews with professionals raised many ideas worth investigation. The
methodology was well designed and the data gathering successful in that much
informative and relevant data was obtained from both the questionnaires and the
interviews. This was subsequently processed. The questions where appropriately worded
and the ethical approach outlined in the research proposal was strictly adhered to. This
makes the data relevant and of value. This final section draws conclusions from the
information processed in the evaluation section of the research. Further literary sources
will be drawn upon in support of these findings. It will first look at the main conclusions. It

will then highlight the key findings, significance and ideas for further research.

First of all it is generally acknowledged that a shift is happening both in terms of what
coding can be used for and how it is perceived by students outside of the computer
science sphere. Previously most people, including most artists, looked on computer
programming as dull and unimaginative, (Hickman 1991). Although Hickman found this to
be the case he acknowledged that Artists are ideally suited to bringing creativity and
imagination to software development. The stigma of I.T. or Information Technology is still
apparent and is not totally accepted among these young artists and designers. The first
thing that springs to mind would be the idea of the creative mind vs the logical mind.
Research from the university of Utah (Nielsen, J. et al 2013) has shown that the left
brained / right brained paradigm is not accurate and that people use all of their brain and
can learn to think in many different ways. It is conditioning that makes people think that
they cannot engage in particular subjects as they are not used to the thought processes
involved. The so called creative mind can therefore struggle with more of the practical
elements of coding to begin with, in comparison to the creation of something inherently

visual without any coding involved.

There are still a number of perceived difficulties that may be preventing students from
engaging. Programming is certainly a complicated skill to master, and learning to program

is correspondingly complex (Jenkins 2002). Time is a constraint. Computer coding seems
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like a totally different subject. The learning curve seems too steep and the language is
alien. Some cannot build the motivation to begin. Maybe they never will or maybe they lack
the threshold knowledge. | define threshold knowledge as knowledge which, once
attained, transforms the student’s view of the subject, removing incorrect preconceptions
of difficulty. This foundational knowledge may be critical in overcoming the apparent
difficulty. How is it that coding ‘creates’ visual art. The threshold knowledge is what is
missing that enables students to see the transition between the text and the visual piece.
As stated in Hickman (1991) Students should be introduced to the graphical side on
coding as quickly as possible and assignments should relate to the visual and conceptual
possibilities offered by the computer. It is inconclusive whether some students lack the
aptitude to program. Some research links programming experience with mathematical
experience (Byrne and Lyons, 2001). Other research has stated that there is no way of

predicting success with computer coding (Evans and Simkin 1989).

Awareness also seems to be an issue, both in terms of the capabilities and applications of
computer coding, and how computer coding enables and transforms into more visual and
physical artefacts. Finally, few students seem aware of the new and exciting incarnations
of computer coding that may be far more appealing to visual artists, such as generative art

and interactive spaces.

Different ideas relating to Teaching and Learning Theory have also arisen. Logical thinking
is something that is required to write code and provides students with invaluable problem
solving skills. How can this be generated with Visual Artists. Learning by accident or
experimentation is also important which leans towards a more autonomous or self-directed
mode of learning. How can this be enabled? Outcomes or Outcome Orientated Learning
may have the potential to drive students forward in this endeavour and there seem to be
good ways of stimulating students already apparent. Websites seem to be popular as does
the use of interactive or intelligent spaces. Websites can extend into e-commerce through
setting up online shops so the students can sell digital prints of their original artworks. The
idea of creating your own digital tools has also come up. Computer coding created the
programs we use to create digital art but sometimes you work within the confines of
someone else’s mind. Would creating your own tools be a more valid form of creative

expression?
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More universal ideas have also been mentioned, such as employability, collaboration and
cross disciplinary activity. Computer coding is increasingly seen as a basic modern skill
and students are acknowledging the fact that it could enhance their CV when applying for
jobs in the creative sector. Cross disciplinary approaches are encouraged in the research
sphere and evidence of collaboration is viewed favourably in the private sector. Computer
coding arguably has the potential to expose students to all of these factors making a

valuable learning experience.

In terms of learning, many interesting ideas relating to computer coding are mentioned.
Firstly, outcome orientated learning seems to be relevant here. When students have an
end goal in mind that they see as valuable, such as an impressive installation, a personal
website or some other cutting edge application within their discipline, their engagement
may be enhanced. Learning by accident and experimentation is enabled through coding.
This develops the skills of the autonomous learner. Self-sufficiency seems to be a way to
lessen the impact on the university and also to create ambitious students. Online
communities offers a valuable support mechanism for the technologies that are not yet
fully integrated into the curriculum. How can we assimilate these into the university support
structure? Once students have the skills of not only the coder but of the autonomous
learner they may begin to start building creative tools themselves. There is increasing
amounts of literature within art and design research regarding the limitations that
prefabricated software places on creative minds. Coding may be a way to break away from
this. Paradoxically, coding also allows you to engage with some computer applications
more than before. Certain design packages allow you to write your own scripts that can be

integrated into the applications.

In terms of engagement, many factors need taking into consideration. Firstly there will be
diverse methods of teaching. Some students don’t want to engage, some require
structured module based teaching, some want after-hours sessions or clubs and some are

completely self-sufficient.

What’s the best way forward? Due to the varying levels of engagement, students are
discovering many ways to engage with coding, ranging from the simple to the more
complex. You can code from scratch but also use prefab code. This is known as cookbook
coding and is frowned upon in computer science circles. However to the artist this may be

a valuable method to get results quickly while they sketch their ideas. Students want
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different outcomes from their programming endeavours. A learning environment that
supports all these choices needs to be available. Allowing this flexibility has the potential to
be inclusive of all students and enhance student satisfaction. Inclusivity is always
important, and how we help students with different abilities and needs. Programming has
to be integrated into the process and creation of interactive artefacts and not treated as a

separate “techie" programming module (Amiri, 2011).

In terms of visitor experience and organisational visibility, coding again can offer many
positive bonuses to the institution. A student body that is more active online could increase
a universities visibility. Coding can create a functional side to interactivity in terms of how
buildings monitor themselves and change the environment appropriately. Student projects
that interact directly with our own building would creative valuable press. Finally visitor
experience can be enhanced through how they interact with university websites, how
these websites provide additional support and information when they are visiting the
building and the interactive installations or other visual stimuli they experience when in the

public spaces of the building.
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Main Conclusions

1. Awareness

Awareness of the technologies and libraries available and the applications of these
technologies and libraries have been highlighted in both the questionnaires and interviews
as key to creating student engagement in regards to computer coding. There is a
perceived level of difficulty when students think about coding. This has been and is being
combatted by the advent of new libraries such as OpenFrameworks and new programming
environment such as Processing and Arduino. Before any coding can be delivered in a
structured or unstructured way the works created by Visual artists both historical and
contemporary need to be more visible and more common place in Higher Education.
Students need access to media theorists and multimedia artists so they can harness data
sets, realise their power as media manipulators and participate by building their own
constructions (Mayo 2007). Coding is after all modern medium. It needs to take its place
as just another material besides, fabric and acrylic paint. In a broad sense, the critical
themes of art produced through computation are simply the critical themes of all art: the

investigation of form and meaning. (Hertz 2009)
2. Collaboration

Collaboration is important and should be sought after. However, collaboration comes later.
After something else has already been put in place. Collaborating effectively requires that
experts develop understandings of one another’s discipline as stated in Gooch (2005).
Rather than expecting collaboration an early stage people from different disciplines could
just be given a space to coexist in. This is happening already in establishments such as
Madlab in Manchester and DoES Liverpool. Here people from different disciplines socially
and work and collaboration happens more organically. This is a cross fertilisation process
occurring rather than a prescriptive collaboration. Collaboration can also happen in the
prescriptive sense. Brokering projects if managed well can bring together students who’s
roles are clearly defined and who’s aims and objectives are well suited to the individual
and the team. Although collaboration technically has the ability to lead to avenues that may
not have been intended, this would enable the students to work together and complete
something in the allotted timeframe that a module necessitates in the current H.E.

structure.
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3. The technician and the academic.

The support for this subject needs particular attention. The academic must be able to
contextualise the technologies being taught. A critical issue in the use of digital
technologies and digital culture within art and art history is the lack of context that it can
bring (Cohen, K. et al 2007). They need to be active practitioners and aware of the new
technologies coming out. The technician also has a large part to play in this inherently
technical subject. Not only does the technician need to facilitate but also communicate with
the various groups of students working with these technologies. This is even more
important when working with students from multiple disciplines. Case studies have shown
how the technical or professional communicator can act as a facilitator for people from
diverse backgrounds who attempt to solve a problem and try to accomplish goals.
(Marchwinski and Mandziuk’s 2000).

4. Student Engagement

The research has revealed that achieving high student engagement is key to learning in
this area and that different approaches are available to make this happen. Student
involvement refers to the quantity and quality of the physical and psychological energy that
students invest in the college experience (Astin 1999). A more collaborative and open form
of education where students from different disciplines can meet and share ideas would
create a greater potential for outcome orientated and project based activities. These have
bean revealed as the best way to progress in this subject area. Pre-University level
research has shown that the student’s commitment of time and energy to academic work
can be strongly influenced by student peers (Coleman, 1961;McDill & Rigsby, 1973).
Through the research this has been shown to be a factor at the university level. However a
dualism forms creating two separate pathways. These collaborative sessions could lead to
innovation and startup companies being formed out of the university environment creating
an incentive for some to engage. For others the creation of business will not be important.
For creative students to engage successfully in their academic career they must have the
opportunity to align their studies with their values (Reid and Solomonides 2007). Some
groups may reject any involvement with computing (Hubbard and Grey, 1991). The most
valuable pedagogic conditions, according to Reid and Solomonides, will be those that
create learning opportunities that encourage this embodiment of the creative self. So it is

important that creative coding can also be delivered in a way that is not indoctrinated into
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the maker community of business start ups and entrepreneurship. Understanding the

complexity of creativity contributes to the nature and quality of student engagement.

There can be a long plateaux when engaging in coding for the first time. This can be
lessened to combining coding with more accessible forms of digital technologies. A
common and widely-used model of learning style is Flemming’s (2001) Visual Auditory
Kinaesthetic (VAK / VARK) model. According to this model, most people possess a
dominant or preferred learning style. For example; The use of visual tools such as blogs
and websites possibly with content management systems can ease students into the use
of HTML and CSS and then further into JavaScript. Similarly a visual vector based or
graphical starting point can ease students into the use of Processing. Physical tools such
as the Arduino and Raspberry Pl could ease students into the use of Wiring and Python.
The integration of electronics or electronic art is an important one. Due of the uniqueness
of these technologies in artistic expression, new modes of artistic communication and
vehicles for artistic expression have been emerging. (Truckenbod 1988). | would argue
that with all the recent advances in technology and online maker communities in this field
that it’s emergence is stronger than ever. Audio tools such as midi or OSC can ease the
auditory learner and so on. This notion of easing is important as it gives the visual and
kinaesthetic and auditory learners a break from the stresses of learning computer coding
when they are from a non ICT background and would aid in keeping the student engaged.
This would need to be supported with quality support from academic and technical staff to
aid students to overcome hurdles. This approach would lessen the apparent difficulty
which was a concern highlighted by the student questionnaires. The perceived complexity

of coding by the students was inhibiting their engagement.
5. Constructionism

The notion of constructionism is a key factor in the use of coding in Visual Arts higher
education. This notion has come to light through the interviews within the research.
Constructionism asserts that people learn with particular effectiveness when they are
engaged in constructing personally meaningful artefacts (Papert and Harel 1991).
Seymour Papert defined constructionism in a proposal to the National Science Foundation
entitled Constructionism: A New Opportunity for Elementary Science Education (Sabelli
2008) as follows: “The word constructionism is a mnemonic for two aspects of the theory

of science education underlying this project. From constructivist theories of psychology we

Page 52 of 64



take a view of learning as a reconstruction rather than as a transmission of knowledge.
Then we extend the idea of manipulative materials to the idea that learning is most
effective when part of an activity the learner experiences as constructing is a meaningful

product.”
6. Possible applications

Generative Image or Algorithmic Art. This is the use of computer coding to create, change
or otherwise enhance both vector and bitmap images. This correlates with the algorithms
used in Digital SLR cameras to create jpegs through the internal picture profiles controlling

factors such as contrast, sharpness and saturation.

Interactive Environments and Intelligent Spaces. This can be used for Fine Art Installations
or Architectural “Smart” Environments, but can also be used to change or enhance Gallery
and Exhibition Practice through creating more interactive and immersive experiences for

members of the public.

Web Design or Online Curatorial Practice. The ability for Visual Artists to display their work
online is important and is increasingly requiring knowledge of Web Coding (HTML5
(HTML, CSS, JavaScript)) in order to create modern websites that not only conform with

modern standards but maintain the viewer’s interest and are visually appealing.

Algorithms are now being developed that also affect moving image. Microsoft have
released a new algorithm for example turning shaky handheld footage into smooth hyper-
lapses. The ability for algorithms to drastically reduce workflow timescales will probably
have a significant impact on how we process, view and experience the still and moving

Digital Images of the future.
7. Further thoughts

Opportunities for extra curricular sessions or in an open studio environment or boot camps
on coding can be made available for students of the the Visual Arts wishing to progress in
this subject. This can be facilitated by technically minded staff and post graduate students.
This would be driven by practical outcome orientated activities. Other technologies that
interface with what the students are interested in would be made available. This can be

facilitated by technically minded staff and post graduate students. Research has
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suggested that programming needs to move out of computer laboratories and into
computer studios (Woodcock & Bartlett, 2005).

Students would also work or sit in teams who display their level of competency. This would
cater for students at different levels of interest and engagement. The format would include
a social element which may be lacking for some students in other areas of their academic
career. Astin’s (1985) theory of student involvement contends that students learn by being
involved. Previous research (Krause 2005) repeatedly points to evidence of the critical role

of peer engagement in the first year at university.

There is the opportunity to also bring together bootcamps from different schools for cross
departmental engagement and collaboration. Collaboration however is not a term to be
misused. It does not mean getting the computer science students to do the technical side
of the art students project, it means working together and taking the project to places
neither party ever intended it to go. Adding this diversity in the delivery would increase
engagement by providing students different platforms and learning scenarios in which they
could engage thus catering for different types of student. The inclusion of post graduate
students would increase awareness of the capability of coding. Again, awareness was a
factor highlighted in the research. Students from all subject fields in the Visual Arts need to
increase their awareness if they are going to see ways coding can be incorporated into
their field. These sessions would be voluntary and create a platform for open learning and

discussion running along side the university learning programs.

This points towards a change in the way modules are created within higher education. As
modules are validated their “Digital Potentials” could be identified. A framework of optional
digital technologies could provide digital enhancements to each subject being discussed.
These could be optional sections of the module or elective sections of modules, meaning
that students could take different pathways within a module through the addition of a digital
element. For example a product designer could either refine a product making process or
physical process, for example the expert use of a piece of machinery, or they could use a
digital process such as building functionality or interaction through the use of micro-
controllers or micro-computers. Having these as two separate modules i.e. a machine
process mobile and a digital module for example, creates the possibility of partial
interaction by the class of students in both modules. By identifying the digital potentials the

cohort can take a different path within the same module increasing the level of student
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engagement and creating a diverse student population who interact within the same
space. This could extend beyond the use of coding. For example a visual artist dealing
with the notion of time could deal with this in ways such as The Three Ages of Woman,
1905 by Gustav Klimt, of the works of Salvador Dali, or they could decide to take a digital
pathway and use film editing in Adobe Premier or another time based software application.
Again a supportive structure of competent academics and technicians and a variety of

open sessions is nessassary to ensure success at a high level.

“The types of individuals who use and critically examine new technology will have an
impact of the direction of cultural change. Art educators have the necessary preparation
and orientation to explore the pedagogic roles of this new medium and to contribute their
perspectives. | encourage them to do so in order to expand and improve computer

application in our field.” (Ettinger, 1988, p.62)
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5.3 Key Findings, significance, and further research

* From the case study of Liverpool John Moore’s University the students acceptance of
coding is further on than previously anticipated. Coding is not only accepted but wanted
and offers clear opportunities for visual artists and should be available and accessible to
them. Universities across the country may need to move faster to cater for a growing
demand across potentially all their degree programs. How can we increase support
for this growing trend while preparing ourselves for an influx of students which

may have an exponential increase in understanding?

* The way delivery happens needs to be fluid. Formal structures may be inhibiting growth.
Cook book coding or borrowing and reusing code from others can be embraced to allow
students to dip in and experience new technology while creating a fulfilling outcome.
Different layers of support are needed to achieve this to cater for different students who
want to learn different amounts of the subject matter. How can we design courses
that cater for in-depth learning as well as a project specific bite size form of
learning, which also makes use of online learning, online communities and self

directed learning?

* Visual Artists and Art and Design Students may easily possess the potential and display
an aptitude for computer coding and have the ability to engage. Teaching and Learning
Structures need to be prepared for advanced use of these technologies. What further
research is needed to dispel the notion of creative minds and logical minds. Can
we reconnect the technician and the academic or the technician and the creative.

Are these ideas preventing the progression of people in this day and age?

* Cross disciplinary collaboration may benefit from less formal meetings where people
mix and observe rather than immediately working together. Are universities structured
to really allow true cross display collaboration or is it outsourcing masquerading
as collaboration. True collaboration should take projects the places nether side

anticipated it to go. Do degree programs have the time to accommodate this?

* Self directed study is key to progress. Awareness is also key to motivate self directed
learning. Students need to be shown work that not only exemplifies the possibilities but
has relevance to the work they are interested in. This may include online learning

communities but it may need more one to one support for artists who do not align
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themselves with social media and online communication. How can we design courses
that are inclusive of new ideas regarding online and global learning. How can

universities adapt to survive in an online age?
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