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Abstract
We present how we have created a series of bilingual (English and Welsh) STEM activities focusing on rainbows, colours, light
and optical effects. The activities were motivated by the many rainbows that appeared in windows in the UK, in support of
the National Health Service at the start of the coronavirus pandemic. Rainbows are hopeful and are very fitting to be used
as a positive iconic image at a time of much uncertainty. In this paper we explain how we have developed and organised the
activities, focusing on colours, computer graphics and computer programming. Each lesson contains one or more activities,
which enable people to take an active role in their learning. We have carefully prepared and organised several processes to guide
academic colleagues to create and publish different activities in the theme. Which means that the activities appear similarly
structured, can be categorised and searched in a consistent way. This structure can act as a blueprint for others to follow and
apply to develop their own online course. The activities incrementally take people through learning about colour, rainbows,
planning what to program, design and strategies to create colourful pictures using simple computer graphics principles based
in processing.org.

CCS Concepts
• Human-centered computing → visualisation; • Computing methodologies → Computer graphics; • Applied computing
→ Distance learning;

1. Introduction

During the start of the coronavirus pandemic, rainbows appeared
in many houses in the UK in support for the National Health Ser-
vice. Rainbows represent hope, and it seemed fitting that people
created colourful images at a time of much uncertainty. Indeed, as
academics who teach computer graphics [RRK∗21], we wanted to
help people. Being educators, we started to consider what we could
teach. Especially, during the early lockdown in the UK, it was clear
that students had an appetite to learn, but were not sure what ma-
terial to follow. Through seeing many rainbows in people’s front
windows, we started to think that we could create a set of learning
activities around colours and rainbows, and make them publicly
available. The activities would perhaps excite and encourage peo-
ple to learn some basic programming skills. The idea was born,
and we called it “Project Rainbow” [Rob21]. The plan was to cre-
ate a series of lessons, around the idea of colours, light and rain-
bows. Our focus was to develop content for people who wish to
learn computer programming and visual computing skills; students
at secondary school, college or universities who wish to follow an
introductory to coding course. We would get learners to consider
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how rainbows are formed in the natural world and how rainbow
pictures can be created in code.

In this paper we describe the structure of our short course, and
give examples of the lessons. Throughout the paper we highlight
specific points that we want learners to understand, and skills that
we want them to develop. These include to critically think about
the work before coding (and not to just jump into programming);
to learn more about colours; develop basic computer graphics skills
(such as using the painters algorithm, coding colours on a com-
puter [FVVD∗96]); learn and develop their coding skills; and above
all to have fun with STEM activities around colours and graphics.
We focus on learning activities and developed our course in Word-
Press, which allowed several academics to create and post activities
and have them peer moderated before final publication. We insisted
that each lesson was a learning activity and include something that
the learner should achieve. This was important, because we wanted
the learners to actively partake in the exercises. We also defined
a structure for the activities (criteria of how the lessons should be
written and structured), which allowed different academics to add
their own lessons. It meant that each of the activities followed a
similar structure, were tagged appropriately (so that they can be
searched) and had a similar appearance.

We organise the paper as follows: after the related work (Sec-
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tion 2) we explain the structure of each learning activity (Section 3)
and the learning pathways, and then explain the material in the sug-
gested learning-pathway order. Subsequently, we cover introduc-
tion to colours and the coding environment (Section 4); methods to
plan your code and design a scene to be programmed (Section 5);
learning about colour models, and creating colourful patterns (Sec-
tion 6); and finally advancing beyond basic Java to create an aug-
mented reality rainbow and one in pure CSS (Section 7). In this
work we contribute a careful structure of the learning activities and
principles, that can be followed by other people who wish to de-
velop learning materials online. We also contribute a set of lessons
around colours and rainbows, that learners may wish to follow, or
teachers use in their own lesson planning.

2. Related work

As teachers we are keen to encourage active learning strategies.
Where students take an active role in their own learning. With
Project Rainbow we knew we would put the information on a web-
site, with online material, include activities for students to follow,
and that students would work remotely and on their own. Conse-
quently, we needed to include strategies to help people take an
active role in their own learning. The material should lead them
through the concepts, get them to create something, and then al-
low them to reflect on what they are learning [BE91]. In fact,
through most of our teaching, we are keen to encourage experi-
ential learning [KK05]. Where the learner can develop their own
skills in design, creative thinking and crafting of computer graphics
pictures [RRJH18]. Consequently, in Project Rainbow we decided
to encourage a sequential approach, where students work through a
series of activities, and mix together background and theoretical in-
formation with practical skills. Each of the exercises are designed
to help learners analyse and synthesise the material, and then re-
flect on their work [Kra02]. They are given additional questions at
the end of each activity, to further their knowledge. Additionally,
through the material we add links to help them relate the informa-
tion to other resources that are external to our learning site. In this
way, we hope to develop not only intellectual knowledge, but also
allow learners to practice that knowledge [Ken99].

To organise this material, there are several different structures
and frameworks that we could follow. For instance, the deci-
sion processing model by Simon [Sim73] suggests splitting the
work into Intelligence, Design, Choice, Implementation and re-
view. However we wanted to make each part stand-alone and this
model relies on teachers explaining much background information
first. We could follow our Explanatory Visualisation Framework
(EVF) [RRJH18] process, which encourages students to perform
their own research on a topic, create a report, make a design, plan,
develop and then reflect. But the EVF structure also requires that
the teacher intervenes at specific parts, to evaluate the research re-
port, design document and so on, which did not seem appropri-
ate for our goals. However the structure of the EVF and those by
Munzner [Mun09], McKenna et al. [MMAM14] and Sedlmair et
al. [SMM12] have similar traits. Each elaborate around four key
stages: performing research, design, development and reflection.
We chose to adopt this structure. But rather than asking the learners
to perform their own research on the topic, we instead explain the

background and reference material. We include references to mate-
rial on the web, for them to follow and reference, so that they can
do their own research. Students learn about the ideas (research),
they consider and envision what the visual output would look like
(design), achieve the activity (development), and finally reflect on
what they have done.

Critical thinking is one of the important lessons we want students
to learn [Als20]. We believe it is important that learners make plans,
have a clear vision of what they want to create and critically think
throughout their activity. We have observed that learners have a ten-
dency to jump straight into coding, without really thinking or plan-
ning what they are doing [RRH17]. Consequently, there is much
worth in getting learners to first reflect and think-critically on what
they are about to do [RHR17]. We do not want students to write all
their code on paper, however we do want them to understand what
they want to achieve with their code. Drawing on our previous ex-
perience in this area, we could ask the learners to perform a Five
Design-Sheet (FdS) study of their ideas [RHR16, RHR17]. How-
ever, the full FdS sketched design-study can take students over two
hours to complete, and therefore we felt that it would be too time
consuming, and the early learners could either not complete it or
perhaps be discouraged through trying to achieve it. In addition,
we wanted learners to critically consider what they were going to
achieve. Through the activity they should try to realise the main
coding principles that they would need and ascertain if they needed
to do any more self-study in coding. Subsequently, we decided to
follow the Critical Thinking Sheet method (CTS) [RR19, RR20].
This strategy is quick to perform, as learners only need to complete
one page, and it provides a picture of what they will create.

We acknowledge that there are other activities that we could
have included, such as brainstorming using cards (e.g., vizit-
cards [HA17]), construction by using tokens [HCT∗14], get the
students to do some informal sketching [Bux10], or perhaps look
do their own research and make a table of tools [RSDB20], which
we could adapt to be a table of colour tools. However, we chose
to develop a new set of activities. We wanted the activities to di-
rectly relate to each lesson, be focused on rainbows and colours,
and address particular learning goals of that activity. Additionally,
to break up the coding challenges, we decided to also add some
crafting activities and encourage learners to craft something [L1̈6],
without the need of a computer, as per the principles of CS un-
plugged activities [BV18].

Finally, while rainbows are definitely colourful, and can be used
to create interesting computer graphics pictures, there can be sev-
eral challenges when using rainbows. These issues manifest when
using rainbow colours to display data, represent information, or
present information consistently across devices. One principal chal-
lenge is that the rainbow colour map is not continuous in illumi-
nance [War12]. Therefore, data displayed in a rainbow colour map
can mislead users [BGP∗11]. Another challenge is that sometimes
low and high values are mapped to dark colours (at the extremes of
the rainbow hue), which can lead to misunderstanding of the data.
In fact, many researchers have campaigned for people to not use
the rainbow colour map. Rogowitz and Treinish call for ‘the end
of the rainbow’ [RT98, RK01]; Borland and Taylor suggest that
the rainbow colour map is still harmful [BTI07], while Crameri
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Figure 1: Landing page of Project Rainbow [Rob21]. Showing the WordPress setup, menu to change between English and Welsh, identifying
image, welcome message, and links to activities.

et al. [CSH20] explain wider issues of colour in science commu-
nication. While we acknowledge these challenges when using the
rainbow colour map, our goals are different – to create a series of
interesting learning activities around colours.

3. Developing the activity structure and learning pathways

To develop the site we decided to use WordPress (WP). We made
this decision because we wanted to have an editing permissions in-
frastructure to allow different people to edit specific parts of the
site, and it would be mobile ready, accessible and available on dif-
ferent platforms. We developed three parts to the learning site: land-
ing page and information, activities and study guide. We wanted
learners to locate the activities as quickly as possible. The land-
ing information are created as Pages in WordPress, that follow the
main template design. Activities are WordPress Posts, and the study
guide is a dynamic page built from tagged posts.

Figure 1 shows our landing page, where users select the activi-
ties. Only specific authors have permission to edit these pages. We
chose a clean-looking style, branded the pages with the University
logo and followed the University’s style guide. We wanted to keep
minimal information on the front page, explain that it was “STEM
activities focusing on colours, light and optical effects”, include
the list of activities, and provide a search for interesting activities.
WordPress also allows different plugins to extend its main func-
tionality. We used two additional plugins: first a translation plugin
to allow us to have dual language support (English and Welsh).
Most academics started writing their activity in English, which was
translated into Welsh by themselves, and/or checked by a Welsh
speaker. Second, we wanted to keep logs of activities to understand
how the site was being used, and so needed to use cookies. Subse-
quently we developed a privacy notice and cookie policy, and allow
users to accept or reject our use of cookies.

Using WP meant that we could create individual activities as
blog posts, post them to the site when they were available. Using the
permissions and editing capability of WP meant that several aca-
demics could create the activities, and not have access to the wider
setup of the site. We also developed a set of written guidelines over
how to write, create, categorise and tag each post. Consequently,

Table 1: Two example activities with title, categories and tags. We
gave guidelines to academics to create appropriate descriptive ti-
tles, add categories and especially the level of Beginner, Intermedi-
ate or Advanced, and a set of descriptive tags.

Title Categories Tags

Create a coloured grid
in Processing

Beginner, Colours, Java,
Processing, Project Rain-
bow

cell, colour, for-loop, grid,
hsb, hue, index, jitter, ran-
dom, saturation, value

Plot 40 rectangles and
circles

Beginner, Colours, Process-
ing, Project Rainbow

colour, critical thinking
sheet, sheet, ellipse, hsb,
hue, java, rectangles,
refactor, saturation, value

each post would look similar, have allocated tags to allow search-
engines to find individual activities, and additional categories to
organise the material on the site. Table 1 shows two example activ-
ities. We needed to develop guidelines for authors, because, while
WP provides the ability to create categories and tags, it does not
provide a list of the available ones. Consequently we included five
parts to the guidelines.

1. Each activity needed a descriptive and short title. The title needs
to be short and explain what was to be done by the activity.

2. Authors need to categorise each post as “Project Rainbow” and
label each as Beginner, Intermediate or Advanced. As a group of
academics, we deliberated over these categories. They provide a
convenient classification of the information. Beginners, we de-
scribe as new to programming and do not know much about
colour. Intermediate activities, develop skills for students who
have coded before, and know something about colour. While the
categories labelled advanced are for those who have done a lot
of programming already.

3. Authors should add five or more tags. The tags must describe dif-
ferent parts to the activity. For example, with the coding tasks,
the tags would describe different aspect of the code, such as
colour, grid, for-loop, array and so on. They can be then used
by search engines to match to the best learning activity.
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Figure 2: We have created several different lessons. Each is presented to the student with an indicative picture, short description and links
on the website to the main activity. This information is displayed on the learning-pathway, with appropriate headings (e.g., Colour, planning,
patterns) and starts with beginner, then intermediate and ends with advanced activities.

4. We provide a draft structure that each authors should follow.
Each post should have an introduction to the material, back-
ground information with links to external sources and an activity.
The activity should be central to the post and if the activity had
several parts then it can be mixed with background information,
and labelled with several steps. Images or photographs should
be used within the material, and have alternative text associated
with them. Several “top tip” summary boxes should be added,
which highlight something to remember. The post must also in-
clude a summary description and an indicative picture, which
will be used in the learning-pathway section. We also de�ned
the coding style, that we de�ned in CSS and added to Word-
Press. This meant that the code fragments appeared the same in
different posts. Finally, authors need to organise the translation
into Welsh.

5. Finally each activity is reviewed by a colleague, for its accurate-
ness, quality of post, clarity of instruction and appropriateness to
Project Rainbow. Academics could nominate another user of the
system to be their reviewer.

The �nal section to the site is thestudy-guide, screenshots of
which are shown in Figure 2. While all learning is a personal ex-
perience [Tob00], and some students will �nd their own learn-
ing strategies [Kep14], we wanted to publish a suggested way to
navigate the material. We achieved this by creating a suggested
learning-pathway. This is created as a summarised set of blog posts,
ordered through beginner, intermediate and advanced and leading
the learner through the ideas in a pre-de�ned way. Students can use
this list as an index into the material. We mix the type of activities
in this learning-path, some activities are practical activities with-
out a computer (sketching and building), many involve computer
programming using processing.org, and others use JavaScript and
CSS. We chose processing.org [RF07] because it was developed to
create visual images, and has been used with learners with wide
abilities. If someone wishes to follow a more ad hoc order, then
we help this strategy too. Learners may �nd speci�c posts through
search-engines, which is helped through tagging and classifying the
posts. Or they can search the Project Rainbow site for speci�c key-
words, or select only (for example)beginnerexercises.

4. Introductory activities – learning about colours

We include several introductory activities. These cover basic infor-
mation, from how rainbows are formed in nature, how colour can
be coded on a computer using RGB colour codes, how lights travel
through transparent objects, how to create a rainbow in Photoshop,
and setting up the processing.org coding environment. The aim is
that by the end of these activities the learner will know something
about colours, achieved some practical activities, and have setup
the programming environment ready for activities that follow.

When developing introductory learning materials, it can be chal-
lenging to know the level and writing style. We did not want to
make the information patronising, however we did want to cover
basic concepts so that people would be able to do the more complex
activities. In addition, we wanted to make the information both ac-
cessible and interesting. Subsequently, we mixed basic knowledge,
with information that people may not know. For instance, when in-
troducing colours we obviously made reference to the colours of
the rainbow (Red, Orange, Yellow, Green, Blue, Indigo and Vio-
let) and made reference to the mnemonic Roy G. Biv. Indeed, this
mnemonic is useful because it highlights the main three primary
coloursRed, Green andBlue which helps us lead onto the RGB
colours that are used on computers [FVVD� 96]. We brie�y explain
the main introductory activities below.

The �rst activity focused aroundrainbows in nature and light
and we led students to create a colour spinner (see Figure 3). We

Figure 3: Photographs from the colour spinner activity.
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