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Abstract

The thesis will explore the implications of teaching computer science through visual
communication. This study aims to define a framework for using pictures within learning
computer science. Visual communication materials for teaching computer science were
created and tested with Year 8 students. Along with a recent commercial and political
focus on the introduction of coding to adolescents, it appears that the computer industry
has a large shortfall of programmers. Accompanying this shortfall is a rise among ado-
lescents in the preference for visual communication (Brumberger, 2011; Coats, 2006;
Oblinger et al., 2005; Prensky, 2001; Tapscott, 1998) while textual communication cur-
rently dominates the teaching materials in the computing discipline. This study looks at
the learning process and utilises the ideas of Gibson, Dewey and Piaget to consider the
role of visual design in teaching programming. According to Piagetian theory Year 8 is the
time a child begins to understand abstract thought. This research investigated through
co-creation and prototyping how to creatively support cognition within the learning pro-
cess. Visual communication theories, comprising the fields of graphic and information
design, were employed to communicate computer science to approximately 60 junior
high school students across eight schools. Literature in a range of visual communication
fields is reviewed along with the psychology of perception and cognition to help create
a prototype lesson plan for the target audience of Year 8 students. The history of com-
puter science is reviewed to illustrate the mental imagery within the discipline and also
to explore computational thinking concepts. These concepts are "... the metaphors and
structures that underlie all areas of science and engineering" (Guzdial, 2008). The partic-
ipants’ attitudes increased toward learning programming through visual communication.
Quantitative questionnaires were used to gather data on cognition and measure the ef-
fectiveness of the learning process. Thirteen hypotheses were established concerning
learning programming through pictures from the quantitative data. Focus groups further
triangulated data gathered in the quantitative stage. Approximately seventy percent of
the participants understood seventy percent of the information within the instrumentation.
Models of intent to learn programming through pictures were established using structural
equation modelling (SEM). Outcomes of the exegesis are a framework for using pictures
that demonstrates computational thinking and explains the research.
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Glossary

Aesthetic Used in this study as a dependent variable that adds value to whoever sees
it. It can represent a style of presentation or have semiotic meaning or cognitive
meaning behind it. For the purposes of this study it is associated with the pictures
in the lessons and is equivalent to visual aesthetic. It is a variable to be constructed
into the treatment that will be created in Phase One of the research plan. xx, 18,
85,110, 273

Animation A dynamic representation where the information about temporal change is
contained in the difference of object properties between successive frames" (Lowe,
2008; R. Lowe Schnotz, 2008). xx, 46

Avatar To make one’s appearance or the embodiment of essence in another form Kare
(1986). Within TOAOCP an avatar is a digital picture that is a human silhouette
used in the interface and interaction design. xx, 181

Bartlett’s test of sphericity Statistical test for the overall significance of all correlations
within a correlation matrix" (Hair 2006, p. 102). xx, 191

Braiding The elements in sequence (usually pictorial) for the reader of a comic. Braiding
is closely related to narrative. xx, 200

Coding The implementation of the solution to a problem with a programming language.
xx, 27, 29, 31

Cognition Cognitive activity within TOAOCP is essentially concerned with meaning (Ortony,
Norman, Revelle, 2005) and is measured by two factors Self-Assessed Cognition
and Actual Cognition (AC). Actual Cognition (AC) concerned the participants un-
derstanding of the visual programming concepts within the instrumentation. A
knowledge test measured AC. Self-Assessed Cognition is the factor representing
the participant’s own assessment of their understanding of a computer program-
ming concept communicated through a picture or comic. xx, 26, 46—48, 50, 60, 68,
69, 78, 80—84, 103

Cognitive architecture The way the brain organises itself with respect to cognition or
understanding. This is highly connected with visual based instructional design. xx,
96
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Cognitive load Understands that presenting information in multiple ways is harmful for
the brain. For example, If we have to coordinate lesson navigation learning is
depressed. Also see split-attention effect. xx, 30, 41, 71, 81, 106, 159, 162

Computation A mathematical object made up of questions that computers solve. xx,
71,87,109, 132

Computational thinking Strategies that enable students to transform complex prob-
lems into multiple steps or procedures that can be ordered and are computable.
XX, 5, 6, 12

Computer programming The process that defines a problem and then progresses through
to running an executable computer program that solves the original problem. This
process is one of the stages of the software development process. xx

Computer science The study of automating algorithmic processes that can be scaled
upwards or downwards depending on the size of a problem. The computer science
discipline combines the theory of computation as well as the design of its systems.
xX, 23, 27-29, 31, 51, 60, 64, 69, 87, 96, 108, 109, 111, 113-118, 122, 123, 126,
129, 132, 149, 157, 159, 162, 324, 326

Construct A term used in structural equation modelling instead of factor. Constructs
help explain the components of theories and vary in complexity. xx, 192

Construct validity The degree that a test measures what it says it is measuring. Construct
validity encompasses both convergent and discriminant validity. xx, 192, 241

Convergent validity The degree that two measures that should be related. xx, 227, 241

Correlation These can indicate a predictive relationship and is any broad class of sta-
tistical relationship where one variable depends upon another. The two variables
are linearly related. xx, 227

Correlation matrix "Table showing the inter-correlations among all variables" (Hair, 2006,
p. 102). xx

Cronbach’s alpha "Measure of reliability that ranges from 0 to 1, with values of .60 to
.70 deemed the lower limit of acceptability” (Hair, 2006, p. 102 ). xx

Cross-loading "A variable has two more factor loadings exceeding the threshold value
deemed necessary for inclusion in the factor interpretation process" (Hair, 2006, p.
102). ix, xx, 190, 366

Dependent variable These variables represent the outcome that is being studied within
the quantitative analysis of TOAOCP (see Chapter 6, Table 5.4). Self-Assessed
Motivation, Self-Assessed Cognition and Intent to learn are examples of dependent
variables within TOAOCP. xx, 226, 232
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Diagram Diagrams are information graphics that are made up primarily of geometric
shapes such as rectangles, circles, diamonds, or triangles. Lines or arrows some-
times interconnect these shapes. Two major purposes of a diagram is to show how
things, people, ideas activities, etc., interrelate and interconnect. Unlike charts and
graphs, diagrams are used to show interrelationships in a qualitative way. xx, 24,
27, 63, 66, 67, 69—-71, 73-75, 82, 105, 108, 109, 112, 113, 117, 118, 121, 138,
157

Discriminant validity Also known as the divergent validity. Tests whether concepts or
measurements that are unrelated are unrelated. xx, 191

Eigenvalue "Column sum of squared loadings for a factor; also referred to as the latent
root. It represents the amount of variance accounted for by a factor" (Hair, 2006, p.
102). xx, 190

Extraneous processing Situations that need heavy amounts of cognition or high com-
prehension and are complex. xx, 140

Factor "Linear combination (variate) of the original variables. Factors also represent
the underlying dimensions (constructs) that summarize or account for the original
set of observed variables" (Hair, 2006, p. 102). Also known as latent variable or
independent variable. xx, 256

Factor loadings "Correlation between the original variables and the factors, and the key
to understanding the nature of a particular factor. Squared factor loadings indicate
what percentage of the variance in an original variable is explained by a factor"
(Hair et al., 2006, p. 102). xx

Factor matrix "Table displaying the factor loadings of all variables on each factor" (Hair
et al., 2006, p. 102). xx

Factor pattern matrix "One of two factor matrices found in an oblique rotation that is
most comparable to the factor matrix in an orthogonal rotation" (Hair et al., 2006,
p. 102). xx, 245

Factor rotation "Process of manipulation or adjusting the factor axes to achieve a sim-
pler and pragmatically more meaningful factor solution" (Hair et al., 2006, p. 102).
XX, 217

First order factor Examples of first order factors within TOAOCP were usefulness and
fear. These factors are derived from the observed variables or items. xx, 238

Flowchart A flowchart is a type of diagram that can represent an algorithm or data flow
used across disciplines and not restricted to computer science. Boxes of differ-
ent shapes or polygons represent processing steps. Shapes represent each step
connected by arrows. The direction of the arrows indicates the processing order.
Flowcharts are a diagrammatic representation of a solution to a problem. xx
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Formative The measured variables of a formative statistical model are the cause of
the latent variable. For example, the factor of fun influenced the intent to learn
programming through pictures. xx, 191

Goals of learning This may not always be education, entertainment, knowledge acqui-
sition or enjoyment. Different disciplines will have a different focus for learning on
this. For education it is knowledge acquisition, for design it is joy, etc . xx

Graphicacy "The ability to understand, use or generate graphic images" (Merriam-Webster,
2015). xx

Icon A navigation tool on a computer screen in the form of a pictogram or ideogram.
The user navigates a computer system through icons. "The icon itself is a quickly
comprehensible symbol of a software tool, function, or a data file, accessible on
the system and is more like a traffic sign than a detailed illustration of the actual
entity it represents” (Rosenblatt, 2012). xx

Image An image is a visual representation of something. This can either be mental or
seen with the eye. An image can be copied and can transcend media. xx

Inclusivity Mostly concerned with universal design and learning that includes the most
people as possible or the widest audience as possible. xx

Independent variable These variables represent the causes of the dependent variables.
For example, the amount of pictures used in a programming curriculum may influ-
ence a student’s intent to learn computer programming. The independent variable
here is the amount of pictures. xx

Instructional text A text or dialog mostly concerning instructions. xx, 41

Kruskal-Wallis test A non-parametric statistical measure of whether more than two in-
dependent groups differ. xx, 227

Latent construct These are theoretical in nature and cannot be observed directly. For
example, the factor of Intent is latent. vii, xx, 190, 193

Latex Is a mark up language specially suited for scientific documents. xx

Learning comic The instrumentation developed for this research was a unique comic
that focused upon the transfer of technical information to a learner primarily through
pictures. The comic has been created by a graphic designer and aligns with the
principles of Gestalt and visual perception. xx

Linear regression A commonly used type of predictive analysis. The regression ex-
plains a relationship with one dependent variable to another independent variable.
xx, 185, 186, 194, 231, 258
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Little’s test This test checks that data is missing completely at random (MCAR). It sat-
isfies there are no patterns in the missing data. xx

Mathematics Mathematics is what mathematicians do. xx

Mental model Reasoning whereby the world is a simulation outlined by an individual’s
knowledge. Mental models are iconic and concern the ideals of Peircean logic. The
mental model corresponds to the way the brain organises what it is or represents
(Peirce, 1931-1958). xx, 41, 78, 87, 96, 104, 160

Multi-modal Study involved with learning and the representations of modes on a digital
screen. This is concerned with communication and how this is transferred in these
modes through learning. It is mostly used in the discourse of online learning. xx,
117

Multicollinearity "Extent to which a variable can be explained by the other variables in
the analysis" (Hair et al., 2006, p. 103). Reflective and formative constructs are
also examined through multicollinearity. xx, 191, 226

Multivariate This means many variables and often used when there is more than one
outcome variable (Field, 2013a, p. 90). xx, 189, 195

Neuroaesthetic "A new field of research emerging at the intersection of psychological
aesthetics, neuroscience and human evolution." (Visual neuroaesthetics is char-
acterised by Zeki and Ramachandran’s theoretical perspectives ). The framework
constructed within this research sees aesthetic experience (neuroaesthetics) as
the embodied process of meaning-making and aligns itself with Dewey’s perspec-
tive. This is different to aesthetic significance that is a variable in this thesis defined
in the instrumentation. xx, 90

Neuroaesthetics see neuroaesthetic. xx

P-value This value is the probability of finding the observed results when the null hy-
pothesis of a study is true. xx, 191, 195, 216, 238

Picture A picture is an artefact or record that contains sensory information for repre-
sentations such as environments, objects, concepts as well as others for the eye
to use. There is an important difference in some academic literature between the
definition of a picture and the definition of an image. According to W J T Mitchell,
"... you can hang a picture, but you can’t hang an image" (Asbjern & @yvind, 2006,
p. 16). xx

Pragmatic research A mix of different approaches to research to maximise triangula-
tion. xx, 150



XXVi

Principal component analysis A technique used to bring out strong patterns in a data
set. Field (2013a) defines this technique as "A multivariate technique for identifying
the linear components of a set of variables" (p. 792). xx, 178

Reflective Here the indicators of a construct are caused by that construct. For example
within TOAOCP cognition would cause usefulness to occur, which did not actu-
ally happen within the model as both SEM models for comics and pictures were
formative. xx, 191, 193

Reliability "Extent to which a variable or set of variables is consistent in what it is in-
tended to measure. If multiple measurements are taken, reliable measures will all
be consistent in their values. It differs from validity in that it does not relate to what
should be measured, but instead to how it is measured" (Hair, 2006, p. 103). xx,
176-178, 192

Reverse scored "Process of reversing the scores of a variable, while retaining the dis-
tributional characteristics, to change the relationships (correlations) between two
variables" (Hair et al., 2006, p. 103). xx, 218

Rotation A process in factor analysis for improving the interpretability of factors. In
essence, an attempt is made to transform the factors that emerge from the analysis
in such a way as to maximise factors loadings (Field, 2013a, p. 793). xx, 190

Schema "...a cohesive, repeatable action sequence possessing component actions that
are tightly interconnected and governed by a core meaning" (Piaget & Cook, 1952,

p. 419). xx

Schema theory The basis of modern cognitive theory (Gick & Holyoak, 1980, 1983).
All knowledge is organised and elemental. Connected to Jean Piaget’s cognitive
model. xx

Scree plot "... a graph plotting each factor in a factor analysis (X-axis) against its as-
sociated eigenvalue (Y-axis). It shows the relative importance of each factor. This
graph has a very characteristic shape (there is a sharp descent in the curve fol-
lowed by a tailing off) and the point of inflexion of this curve is often used as a
means of extraction” (Monier-Williams, 1923; Sheth, 2002). xx

Self-efficacy One’s confidence in personal ability to undertake a certain task or be-
haviour. This definition is according to Albert Bandura’s self-efficacy theory. xx

Single factor rotation Within TOAOCP this was a process whereby all factors were
loaded into a single construct to satisfy Harman’s score. This was used with prin-
ciple component analysis. xx

Sphericity A less restrictive form of compound symmetry which assumes that the vari-
ances of the differences between data taken from the same participant are equal
(Field, 2013b, p. 794). xx
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Split-half reliability A measure of reliability obtained by splitting items on a measure
into two halves and obtaining a score from each half of the scale. This is used as
a measure of reliability (Field, 2013b, p. 794). xx

Spraction Used in philosophy and psychology first used by Barbara Tversky. Was in-
vented on the premise that since we exist in space then we make sense of things
or understand them through space. For example, the information here can concern
shapes, entities and their relationships, arrows, dashes and locations that are com-
bined to help the brain construct meaning between objects and frames of reference
(Tversky, 2014). xx

State diagram A diagram used to represent the behaviour of a system. A state diagram
contains a number of states that represent an entire system. The state diagram
also contains the transitions between these states. These diagrams represent the
meaning of the words and not the syntax of the code. xx

Structure matrix "A factor matrix found in an oblique rotation that represents the simple
correlations between variables and factors, incorporating the unique variance and
the correlations between factors. Most researchers prefer to use the factor pattern
matrix when interpreting an oblique solution" (Hair et al., 2006, p. 103). xx, 256

Topology This concept concerns the arrangement of the parts of a diagram. The way
the creator of a diagram organises the constituent elements or parts is called the
topology. xx, 56, 70, 109, 110

Universality Associated with being universal or widespread. xx

Validity "Extent to which a measure or set of measure(s) correctly represents the con-
cept of study — the degree to which it is free from any systematic or non-random
error. Validity is concerned with how well the concept is defined by the measure(s)
whereas reliability relates to the consistency of the measure(s)" (Hair, 2006, p. 104)
Evidence that a study allows correct inferences about the question it was aimed to
answer or that a test measures what it set out to measure conceptually. xx, 137,
163, 176, 177,187, 190, 192

Variate "Extent to which a measure or set of measures correctly represents the concept
of study — the degree to which it is free from any systematic or non-random error.
Validity is concerned with how well the ¢ oncept is defined by the measure(s),
whereas reliability relates to the consistency of the measure(s)" (Hair et al., 2006,
p. 104). xx

VARIMAX "The most popular orthogonal factor rotation methods focusing on simplifying
the columns in a factor matrix. Generally considered superior to other orthogonal
factor rotation methods in achieving a simplified factor structure" (Hair et al., 2006,
p. 104). xx
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Visio-spatial Relating to or denoting the visual perception of the spatial relationships of
objects. These skills enable us to recognise shapes. xx, 84

Visual communication The conveyance of ideas and information in forms that can be
read or looked upon. Visual communication in part or whole relies on vision, and is
primarily presented or expressed with two-dimensional images. Visual communica-
tion is typically embodied in signs, typography, drawing, graphic design, illustration
(Sless, 1981). xx, 139, 141, 143, 146, 147, 149, 157, 160

Visual perception In this study is the ability to interpret visual stimulus, or make mean-
ing of what a person sees. It is perception during learning activity while viewing
pictures that this Thesis is concerned with. xx, 26, 38, 39, 55, 79, 95-97, 101

Visuals A form of media in which information is presented visually; text may not be
considered a visual form. xx, 104

Working memory Or short-term memory is the change from holding to cognition. It's
limited and is short. If information is well learnt it doesn’t suffer from the limita-
tions. This consists of multiple streams, channels and processors (Baddeley, 1992;
Baddeley, 1974). xx



Chapter 1

Introduction

Historically, there have been a number of technical milestones in the field of modern
computer programming (Brumberger, 2011). Currently, education about these mile-
stones does not routinely occur within junior high school. Textbook education within
computer programming is dominated by text. The role of visual communication is un-
defined and under-explored within current programming practice. Despite this lack of
definition, the role of pictures in learning science is the current focus of much academic
debate (Hoffmann & Wittmann, 2009).

1.1 How this research began

| have always been concerned with how things look. In 2012 while employed as a pro-
grammer in an engineering department at a large university, | shared an office with an
outreach coordinator. The coordinator had been employed in some of the most chal-
lenging schools in South Africa and specialised in getting refugees and other members
of marginalised communities into engineering degrees. At the same time, | had begun
looking at application development for mobile phones and had begun to showcase app
development in 2011 (see Figure 1.1). After attending courses in Melbourne on these
programming languages, a colleague and | realised they had become almost (and | use
a vernacular term here) idiot proof. For example, an application using MapKit technology
with full location services was taking under 30 seconds to program.
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FIGURE 1.2: Rich picture of app ideas for school, 2012

After this realisation my two colleagues and | began to formulate an outreach program
for adolescents that could deliver learning technology; however, no suitable visual format
for adolescents existed that matched the care and detail of the programming language. |
believed at this stage that the answers to mass communication for complexity lay in the
field of graphic design and that its communication was beyond the cosmetic aspects.
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About
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FIGURE 1.3: Main menu

After a successful grant application, a new outreach program began that produced the
world’s first iOS app by students in 2012 (Tarr, 2012). | know it was the first, because
at the time, | performed an extensive search of Australian and international high schools
to try and find a precedent. There was one school in Australia doing app development
with the students and they had substantial financial resources, flew every student to an
international conference and these students were not developing the app. | needed a
model for low socio-economic schools that included the students performing the work.
The initial idea was to produce something the entire school would use (see Figure 1.4).

Uni
Tin

FIGURE 1.4: Sketch of main menu

| developed these ideas into sketches (see Figure 1.5), the app was developed to auto-
mate many of the school functions. This included a feature to report absentee students,
lunch ordering via the canteen and a way to individually email each teacher (see Figure
1.3). The project was quickly self-funded because of because of demand from the high
school decision makers on what outreach programs should be brought into the schools.
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FIGURE 1.5: First static prototype of app screen for main menu, 2012

FIGURE 1.6: Screen shot of school map feature

While this outreach course was running, | withessed many changes in technical knowl-
edge and behaviour of the students during this time. In traditional computer programming
teaching, programming is taught by getting students to copy code from a book or screen
into a computer. Somehow, the visual communication within the curriculum | had created
was communicating deeper learning to the students beyond the copying of code. As |
come from a family of professional picture makers going back to the 1800s, this research
into programming and pictures was a natural progression. My thesis is an enquiry into
the communication of visual complexity. Some of literature examined within this work
is older than 10 years. However, there is not a lot of research available on the gap my
research addresses (see Chapter 4, Section 4.1.2) although many inroads have been
made into teaching children programming within the last decade.
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1.2 Programming in Year 8

It is widely accepted that computational thinking should be considered a mandatory part
of adolescent learning (Tversky, 2015). My work considers adding a visual emphasis
to a computing curriculum for Year 8 children. Through approaching computer science
visually, | will attempt to communicate the abstract operations of computer programming.
In addition to this, | intend to raise awareness of visual communication and learning
computer science within the broader education community. Much instruction exists online
for teaching coding to children. Most of it lies outside of the research scope of TOAOCP.
| do not consider learning systems that use animation, video or photography for reasons
that will be made clear throughout this thesis.

1.3 Learning programming through pictures

In this study | consider the role of the picture in adolescent learning. | also consider how
design principles when used in conjunction with pictures assist the cognition of compu-
tational thinking. Within this thesis a picture "... is a record of what its creator has seen
or imagined, made available for others to see or imagine" (Gibson, 2014, p. 291).

Pictures assist the creation of mental models in the brain and these mental models are or-
ganised through a schematic process. The brain creates knowledge and learns through
spatial acquisition of ideas, that is, through schema. A schema is "...a cohesive re-
peatable action sequence possessing component actions that are tightly interconnected
and governed by a core meaning" (Piaget, 1952, p. 240). The concept of a schema is
reviewed later in the graphic design and learning sections (see Chapter 4, Section 4.2.3
and Section 4.3).

This project explores a set of reusable pictures as well as their application within lesson
plans. They will be designed to assist the communication of programming. Design princi-
ples and theory such as visual realism (see Chapter 4, Section 4.2.2), synaesthesia (see
Chapter 4, Section 4.3.3) as well as the Gestalt principles (see Chapter 4, Section 4.3.5)
were used within this research work titled - The Other Art of Computer Programming
(TOAOCP) to develop the instrumentation for the participants. There were a number of
creative works produced as an outcome to this thesis that are referred to as the instru-
mentation and the milestones. Chapter 2, Section 2.2 describes the milestones that were
developed after the instrumentation. The milestones and are the visual representation of
computer history from the 1950s to the 2000s. Both artefacts (the instrumentation and
milestones) utilise a number of graphic design techniques that are referred to throughout
this thesis. The milestones are also static prototypes that can be enhanced with further
interactivity. The instrumentation and milestones collectively form the creative artefacts
for this research. The instrumentation was used in the quantitative data collection and is
referred to as a prototype or comic throughout this thesis depending on the context. Both
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artefacts, that are, the instrumentation and the set of milestones are listed in Appendix A.
Rather than focusing upon satisfying capabilities within the current Australian Secondary
Education standards, the milestones were designed to contribute to the self efficacy of
students.

The gestalt principles have been used to interpret form perception (Hattie, 2008) within
TOAOCP and the principles of unity, proximity and grouping are used specifically in
Chapter 4, Section 4.3.7. The law of proximity was applied specifically in the creation
of Figure 4.13 in Chapter 4 by grouping the petals of a flower together. This approach is
novel since design principles and thinking are not routinely used to teach programming.

Pictures are used in this research to explore computational thinking. This study attempts
to visually highlight the skills and techniques used by programmers and developers in
computational thinking and apply these in visual lessons for adolescents. These skills
and techniques are listed in Table 1.1.

TABLE 1.1: Skills and techniques of computational thinking

Techniques Description

Decomposition Breaking a task into parts and steps
Pattern Recognition Predicting and modelling to test
Pattern Generalization and Abstraction Making laws and principles that cause

these occurrences or patterns

Algorithm Design Developing steps to solve similar
problems so you can repeat this

The techniques listed in Table 1.1 are skills that can be applied to a variety of areas in
daily life. For example, breaking a task into parts and steps can be represented as a
visual process to a child by asking them to sort shapes or colours of Lego. A child can
learn to apply computational thinking from a young age. As adults, an appreciation of
these techniques and how to apply them is a skill set that is mandatory for computing
positions. By acquiring a computational thinking skill set in Year 8, it is possible for a
student to more easily develop technical knowledge such as writing mobile applications.

Computer science remains as a domain of mental imagery with no system or frame-
work for non-linguistic representation that addresses what can- not be seen. Often when
a piece of software is executed by an individual, the result is simply displayed with no
indication of the steps occurring within the machine it operates on. The milestones
(see Appendix A) illustrate programming in stepped processing order (see Appendix A).
TOAQOCP used pictures to explain what cannot be seen.

There has been much done in the visualisation for learning. A few artefacts have been
created, particularly those that are app based, and there are online communities that
are visually teaching children how to code. For example in the NSW education curricu-
lum children are learning to code Scratch through drag and drop interfaces. Similarly,
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Minecraft is now another way that many children are learning the basics of coding.
However, a drag and drop interface simply arranges a series of shapes upon a surface,
this may produce a diagrammatic pattern but the interfaces rarely mirror a real world sit-
uation, and if they do (such as some of the app maker code.org designs), pictures have
not been used in these interfaces. The commercial applications of Scratch in a real world
scenario are limited. The jobs for employing app developers far outweigh the jobs that
employ Scratch developers. My research is a case for learning programming beyond
hours of Minecraft; it is through learning how to solve real world problems starting with
picture based instructions. Infant coding was happening with products Alan Kay was us-
ing, such as Rubio’s Box in the 1960s. The topic of very young children and coding is old.
Mine is a fresh approach that prioritises pictures. While the code may need to change,
the way the problem is solved in programming will not change. Programming has not
changed substantially over the last 50 years. Pictures are a form of communication that
does not often change, and you can see this in the icons that Susan Kare designed for
the Macintosh in the 1980s. | also prioritise time-based events by use of the z-path and
| do not focus on a spatial coding of building an imaginary house or use game based
themes. | focus on real world application and how that can be communicated to stu-
dents. For example - how do they build an uber app, instead of how do they navigate to
an imaginary house in a digital world. The software | build has a real life/world application
and a realistic grounded narrative.

1.4 The scope and state of digital literacy

In order to introduce the reader to the concepts used within TOAOCP, | will now give
some examples of the pictures used to communicate some of the programming. The
visual representations used to explain the programming to the participants look like the
following prototypes. For example, Figure 1.7 to Figure 1.13 are pictures designed to
communicate the concept of sorting within programming.
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FIGURE 1.7: Binary tree picture used to explain tree traversal, Tarr 2015
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Which order would you code a visit the stars?

Stars can be traversed in the following order:

2. In-Order Flight Path 3. Post-Order Flight Path

FIGURE 1.9:
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Binary tree picture patterns, panel 2/7, Tarr 2015
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1 Pre-Order Flight Path

Visit the first star (generally output this)
Traverse to left stars
Traverse to right stars

Output(StarToVisit.name)

{ 144114 F

FIGURE 1.10: Binary tree picture patterns, panel 3/7, Tarr 2015

2. In-Order Flight Path

Traverse to left stars
Visit first star (generally output this)
Traverse to right stars

subroutine

end subroutine

FIGURE 1.11: Binary tree picture patterns, panel 4/7, Tarr 2015
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3. Post-Order Flight Path

Traverse to left stars
Traverse to right stars
Visit first star (generally output this)

111 L1174

FIGURE 1.12: Binary tree picture patterns, panel 5/7, Tarr 2015

Inaugural Galaxy Space Trip _
Adolescent
Only

subroutine Spacelourney{StarTovisit)
If LeftPointer(StarToVisit) != NULL Then
Spacelourney(StarTovisit.LeftNode)
If RightPointer(StarToVisit) != NULL Then
Spacelourney(StarTovisit.RightNode)

end subroutine

subroutine Spacelourney(StarToVisit)
If LeftPointer{StarTovisit) != NULL Then
SpaceJourney(StarTovisit.Lef tNode)
If RightPointer(StarTovisit) != NULL Then
SpaceJourney(StarTovisit.RightNode)

broutine SpaceJourney(StarTovisit)
If LeftPointer(StarTovisit) != NULL Then
SpaceJourney(StarToVisit.LeftNode)
If RightPointer(StarToVisit) *= NULL Then
SpaceJourney(StarTovisit.RightNode)
tarTevisit.name

end subroutine

WHICH FULIGHT magellan,
PATH WILL gf:;,

YOU TRKE TO cygrus,
VISIT THE s

STARS IN THE cancer,

FOLLOWING 0
Select Harry's itinerary if?2? ORDER? 09

FIGURE 1.13: Binary tree picture patterns, panel 6/7, Tarr 2015
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Digital literacy is based upon traditional literacy and is an individual’s ability to find, eval-
uate, and create information through writing and other mediums on digital platforms
(Jenkins, 2009). An individual is considered more economically secure when they are
digitally literate. This skill set has become a core component of employability (Wynne &
Cooper, 2007). Programming as a skill or even computational thinking is not yet consid-
ered part of digital literacy. School curriculums rapidly update and teachers must acquire
knowledge of new technologies in short time spans. This acquisition of new knowledge
within a short time frame can be a barrier to learning (see Chapter 4, Section 4.3.8).
The literature review will reveal a lack of focus on where programming should be situated
within the national curriculum. This study suggests that placing computational thinking
and programming under digital literacy might be an appropriate place to start. Amongst
the outcomes for the project will be a framework for learning computer programming
through visual communication.

Digital literacy intrinsically does not address the role of pictures within learning. The
research questions addressing this gap reflect a general enquiry into the impacts of visual
communication, upon learning (see Section 3.1).

1.5 Participant involvement

The participant involvement was through survey and focus group discussions. Eight
adolescent groups were surveyed in TOAOCP and the participants within the groups
ranged in ages from 12 to 14 years. A full discussion of the participant sample is listed
within the methodology (see Chapter 5, Section 5.4).

1.6 The structure of this research thesis

What follows is a discussion and overview of the PhD structure.

Chapter 2: Significance Brain research and traditional areas of learning used to com-
municate computer programming are addressed. Pictures are introduced as an area
within visual communication that may hold some solutions to the issues involved in com-
municating programming.

Chapter 3: Purpose Three research questions are stated along with the general aim
of the thesis, that is, the investigation of learning computer programming through visual
communication.

Chapter 4: Literature Review The literature review is divided into three sections, namely,
visual communication; computer programming and learning. Here a gap within the liter-
ature is identified. This gap is the role of pictures and learning computer programming.
The reasons that pictures can be used as persuasive devices to affect learning and the
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adoption of successful methods to learn through are explored. The use of pictures in
learning complexity is reviewed. The suitability of statistical models and adapting them
to measure persuasion is covered in this chapter. Adoption of the artefacts by learners
is discussed as an objective of the models. Particular focus is placed upon pictures as
rhetorical devices. Measurement of and drawing the 'unseen’ are also addressed within
Chapter 4. The last part of Chapter 4 discusses the hypotheses as well as the manner
that they were developed that is retrospectively.

Chapter 5: Research Methodology The research design discusses the order in which
the research project was undertaken. The conceptual framework also resides in Chapter
5 and organises the theories within TOAOCP. The methodology discusses mixed meth-
ods analysis and its application to TOAOCP. The quantitative research is discussed first
and the research plan and phases are detailed. A discussion on the variables and how
they were adapted to study programming through visual communication then follows. The
validity and reliability of the instrumentation was achieved within the pilot studies. The
role of prototyping in design is then detailed and how the theory informed the construc-
tion of the instrumentation as a measurable process within TOAOCP. The focus group
discussion process is also detailed along with the triangulation method. There is also
reflection upon the quality and sampling used within the research.

Chapter 6: Results The statistical data are listed along with the focus discussion group
summaries and outcomes.

Chapter 7: Findings and Discussion The research questions are revisited and an-
swered in summary with the results from Chapter 6. As Chapter 7 was found to be in
favour of all except for one of the hypotheses, this chapter explains the theoretical rea-
sons why the resulting relationships concerning pictures, comics and programming may
have occurred.

Chapter 8: Limitations, Future Directions Limitations of the study are also reviewed in
this chapter and include the amount of class time devoted to TOAOCP as well as the to-
tal participant number. The implications of the results from Chapter 6 are contextualised
in terms of the design process, and directions for further research are recommended.
Chapter 8 focuses on key trends that position the discipline of design as knowledge-
based. Knowledge-based economies characterise contemporary society and this knowl-
edge is largely an unseen world of information. The design approach used to explore
solutions for understanding this invisible information is different to the design approach
used to solve problems in industrialisation where the issues were more readily seen.

Chapter 9: Conclusion The conclusion summarises what occurred during TOAOCP
as well as justifying claims to the knowledge contribution. The pictures, the sequence
and structures used within the designs of the instrumentation are readdressed, then
the research questions are individually addressed and answered within the Methodology
Summary.
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1.7 Summary

The research questions are framed around a central theme that addresses why learners
may wish to consider pictures for the communication of computer programming. Chapter
2 explores visual perception and brain research theory to further position the need in the
significance section (see Chapter 2, Section 2.4).

The thesis investigates the persuasive impacts of pictures upon learning the complex
discipline of computer programming. The theory of planned behaviour as an acceptance
model is used to predict the participants’ intent to use pictures to learn programming.
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Chapter 2

Significance

The research proposes to contribute to three major areas. These are the disciplines of
visual communication, computer science and learning. There are also minor contribu-
tions toward the field of psychology and learning theory. The impact on each of the major
areas will now be examined.

2.1 Text based teaching materials in computer programming

The research attempts to produce a curriculum that uses pictures to explain these ab-
stract formal operations. | explored the difference between traditional typocentric (text-
based) and pictocentric (picture-based) learning materials. Structures such as algorithms
and data structures exist within computer science to solve abstract operations. The liter-
ature review establishes the absence of pictures within the teaching curriculum of com-
puter science. Because the outcome will approach computer science visually, it may
have implications for those students who have not considered studying this discipline be-
fore. The way the curriculum presents may have an impact on a child’s willingness to
learn computer science. In this way, the curriculum model may have significance for the
early high school student.

2.2 Programming milestones as an outcome of this thesis

The programming milestones were integral to the creation of this thesis because this
participatory approach drew on the actual teaching practice of information technology
educators in order to evolve the curriculum that forms the creative component. The
200+ page curriculum in Appendix A contains six lessons on modern computer program-
ming that are referred to throughout TOAOCP as the milestones. These lessons include
computational thinking concepts. Each 20-60 page lesson will illustrate an important
milestone within each decade from the 1950s onwards. The first lesson will be an ex-
ception, as it will contain some visual illustration on mechanisation and automata that
predates 1950. These illustrations are necessary to visually contextualise the innovative
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progression from mechanical to electromechanical through to digital processes. | hope
the curriculum fills a gap by illustrating the history of the discipline that has been ac-
knowledged as not easily communicated through education (/nterview: The ‘Art’ of Being
Donald Knuth, 2008).

2.3 The demand for programming skills within the Australian
economy

This research takes place at a time when demand for programmers exceeds availabil-
ity of programmers in the work force. Research has found that while the education
of programmers stays in a traditional format, attrition rates within universities remain
high within programming courses, and the shortage of programmers within the work-
force fails to diminish within Australia (Morgan, 2017; Nott, 2017; Stein, 2017; Morgan,
2017; Sachdeva, 2018). However Australia is not alone in this shortage (Hager, 2016),
according to Facebook and Microsoft by 2020 there will be one million programming
jobs left unfulfilled (Ravisankar, 2016b, 2016a). In addition to the programmer shortage,
some countries have no computer science courses within K-12 education (Lockwood
& Mooney, 2017). The shortfall of programmers has not gone unnoticed by Australian
policy makers, as reflected in the following statement from the recently retired Prime
Minister, Malcolm Turnbull:

App development is becoming one of Australia’s strengths and one where we
can compete with the best in the world. Dr Mandel’s report finds that there
are 139,000 jobs in the Australian app economy. In Sydney, 10.7% of ICT
jobs relate directly to app development, more than in New York, Chicago or
London - albeit a long way from Silicon Valley’s 17.6%. (Turnbull, 2014, 9)

Further political commentary highlights the importance of this issue with the Honourable
Minister for Industry, Innovation and Science, Arthur Sinodinos stating:

While computer coding occupies a far greater role in the proposed National
Curriculum than in any Australian syllabus previously, the current proposal is
for a dedicated technology subject only from Year Nine. (Sinodinos, 2014)

Three years later the problem of how programming was to be organised, administered
and what discipline it was to be positioned under within Australian schools was still re-
ceiving negative attention as stated in the following report by the Australian Broadcasting
Coorporation (ABC):

At present, there are no standardised coding classes in Australian schools.
Instead, parents are stumping up hundreds of dollars for extra-curricular cod-
ing classes for their kids. (Docherty, n.d.)
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Within the same article from the ABC, Dr Therese Keane the deputy chair of education
at Swinburne University stated the following:

Coding has become heavily commercialised and there is almost a fear that if
your child isn’t doing [it], the child is missing out ... | have to then ask — why
aren’t the schools doing this within the curriculum? (Docherty, n.d.)

The seriousness of not understanding code appears to be reflected worldwide. For ex-
ample, the British government’s reaction was to make programming mandatory in its
schools (McNeilage, 2014). The commercial sector is also aware of the need for the
demand in the education of our future programmers. Companies that employ program-
mers such as Google Australia remark on the difficulty of matching the computing skills
they need with what high schools offer to students. They state that programming is vi-
tal and caution Australia against going backwards (Critchley, 2014). Accompanying this
is a decline in the enrolment rates within computer science nationally and internation-
ally (Rossi, 2013). Curiously, programming was positioned under the subject of Design
and Technology in the 2015 draft of the Australian National Curriculum (Design and
Technologies Curriculum, n.d.). Glenda Johnstone, President of the NSW Information
Communication and Technology Educators stated at the time: It is unclear whether com-
puter science would be a separate course or incorporated into existing subjects... It’s
just a waiting game to find out what happens and what decisions they make (McNeilage,
2014). Despite this ambiguity, support still existed for the incorporation of computer
science into high school subjects. High school commentator and computer academic
Mathew Rossi stated that by:

... developing a rigorous senior high school Computer Science curriculum, it
is entirely possible to address the shortfall in computer science students we
are currently facing. (Rossi, 2013, para: 23)

Significantly, this research has identified a theme of inclusivity that has been addressed
in the programming milestones. Ideally this aimed to increased the number of children
that understand programming in a classroom situation, thereby accommodating the high
demand for more programmers to address this shortfall. As will be reviewed in Chapter 4,
Section 4.4.3, all disciplines need to appreciate and have an awareness of computational
thinking and computer programming because technology is integral to modern existence.
Early introduction to programming concepts through pictures could ease the transition
into coding towards advanced development, as pictures have an impact upon cognitive
load and information anxiety (see Chapter 4, Section 4.3.8).



18 Chapter 2. Significance

2.4 Neurology and cognition, how learning occurs and fac-
tors that influence the learning process

Research into neurology and cognition is an emerging global trend. My project con-
tributes to this trending research area by looking at the positive affects experienced by a
learner when using a visual curriculum. The American President’s fiscal year budget in
2014 allocated $100 million as well as additional support from national research bodies
into The Brain Initiative. Formally defined, The Brain Initiative is giving scientists the tools
they need to get a dynamic picture of the brain in action and better understand how we
think, learn and remember (Obama, 2013).

It is clear that information on how humans learn is subject of current worldwide academic
debate (Cory, 2013). My research aligns itself with current research on neuroscience
and Piagetian theory. In the literature review, pictures are found to contribute to learning
science, however, not specifically within computer science. The review also found that
a visual communication approach to curriculum design within computer science is yet to
be developed. The brain is capable of understanding abstract concepts and the impacts
upon this understanding come from a variety of factors. Cognition and motivation both
impact upon the way an individual learns. As well as these impacts, my research focuses
on affective factors that are not as measurable.

Affective factors are not as easy to quantify. ’Affect’, for the purposes of this study, is a
term that encompasses mood, emotions, and feelings (Zhang & Li, 2005). The reasons
why pictures are often viewed as an aesthetic add on to learning are examined through
the role of pictures within learning. Although affective factors have been known to impact
learning for some time (Zeki, 1999), research into the impacts of visual communication
upon behavioural affects is less common. Affective factors form a holistic part of the de-
sign process that has a beneficial affect upon meaning-making or learning. This project
specifically utilises graphic design, that is, the representation of information and concepts
that combine both pictures and text. Other graphic design concepts such as visual hierar-
chy and gestalt were utilised within the instrumentation of TOAOCP. Affective factors are
examined before and after learning through these graphic design concepts. | also col-
lected data from the participants measuring the success of the graphic design concepts.
Graphic design is considered "... to give order to information, form to ideas, expression
and feeling to artefacts that document human experience" (Meggs, 1983, p. 5).

As well as the above issues in computer science, the recent emergence of Art Science
Labs in the United Kingdom firmly positions design as helping to solve problems that
cannot be solved in engineering labs (Edwards, 2012). This emergence represents an
approach where design is an essential tool within the problem-solving process. It is inter-
esting to note that design is assisting in these complex technical problems and in many
cases can produce solutions. As TOAOCP is a design based curriculum intervention, it
is also unigue as behavioural intervention studies are rare (Gardner, 2015; JaKa et al.,
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2016) and even less so within design research. Most studies that seek to influence be-
haviour through beliefs and values come from " ... social and environmental psychology
and allied fields" (Lockton, 2013, p. 31).

The three predominant areas of significance addressed here are visual communication,
the learning process and computer science. The role of the picture and visual commu-
nication within the learning of computer science is not nearly as dominant as the use
of mental imagery by learners as will be revealed in the literature review. Neurology
and cognition is a global trend, however, how these impact upon learning through de-
sign methods is yet to be explored. Lastly, there is a shortfall of computer programming
skills both nationally and internationally. The outcomes from this research will attempt to
contribute to these three areas as well as answer the research questions which will be
detailed in the next section.
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Chapter 3

Purpose

This hybrid mixed methods study will address the lack of visual communication within
the learning process for computer programming. The quantitative analysis will provide
data on the cognition, motivation, beliefs and values to learn computer science through
visual communication while the qualitative data will triangulate and add richer meaning
to the measured information on the discipline of programming. The main aim or purpose
behind TOAOCP is to examine the impacts of visual communication on the learning of
programming. This aim is focused through the research questions.

3.1 Research questions

The following research questions are used to determine the efficacy of using visual com-
munication in a computer programming education context:

1. What are the impacts on cognition of using pictures in learning computer program-
ming?

2. What are the impacts on motivation of using pictures to learn computer program-
ming?

3. How are a Year 8 student’s values and beliefs about computer programming im-
pacted through using a visually designed lesson?

To examine these questions, four broad areas form the literature review: visual commu-
nication, the learning process, computer science and lastly the theories on adoption of
technologies. These areas aim to explore the junction between visual communication,
abstract concepts and graphic design. This junction between these areas will enhance
the factors of the learning process listed in the methodology. Cognition, motivation and
perception are also examined. By examining many different impacts of using pictures to
learn programming through, | answer the research questions through quantitative analy-
sis and then focus group discussions. The impacts have been researched according to
the theory of planned behaviour (Ajzen, 1985). These impacts determine why a learner
would choose to use a particular technology to learn with.
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Researchers have long espoused the connection between visual imagery and effec-
tiveness of instruction (Alesandrini, 1981, 1984; Alesandrini & Rigney, 1981a, 1981b;
Rieber, 1994; Dwyer, 1978) along with learning and memory (Rhodes & Castel, 2008;
Diemand-Yauman et al., 2011). Design features such as visual realism as well as some
gestalt principles were utilised within the pictures and layouts created for TOAOCP. These
features have all been utilised for learning purposes and to examine a role for graphic de-
sign in education. Pictures used in learning can be designed to have features that help
create mental imagery within the learner. Within TOAOCP, techniques and theories used
by graphic designers such as creating line art, the Gestalt, and comic book theory have
been utilised in the milestones to help students learn computer programming. According
to Goldsmith (1984); Leneway (2018); Gurri, Denny, and Harms (2010) and (Gillenwater,
2009); visual literacy is a skill that can be taught to learners and within TOAOCP the
purpose is to build pictures that also take advantage of the way that we see.

The purpose of using pictures and layouts in TOAOCP that take advantage of the innate
way in which we see is to build mental images faster than the way in which a linguis-
tic text would build them. In addition to this, mental imagery, according to the definition
from Kosslyn (1994) and before that Pylyshyn (1973) is what programmers use when
they are writing software. Petre and Blackwell (1999) state these mental images are vi-
sual. Mental representations (Lakoff and Johnson 1980, Kosslyn, 2006) enable problem-
solving (Mani and Johnson-Laird, 1982). Petre and Blackwell (1999) further state it is
the quest to find these representations in the mind that should guide the development
support tools for programming and software design.

Research into mental imagery is used for the design of digital displays and cognitive
science for the visualisation and interaction of big data (Hegarty, 2011). External repre-
sentations assist cognition when they are accommodated (Zhang and Norman, 1994).
Visual metaphors are a form of external representation that encourages mental imagery
within learning. Pictures are the visual metaphor used within TOAOCP.

ﬂi+@+“%

learners perception design cognition
FIGURE 3.1: Graphic equation of the research aim within TOAOCP

The above Figure 3.1 illustrates the factors that my thesis examines. Graphic formulas
like the one above give a path into understanding related concepts through their use
of pictures over letters. The artefacts produced in TOAOCP changed as new aspects
or factors that affect the learning process emerged through the research. The literature
review which follows examines the role of pictures within graphic design; looks at the roles
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of pictures in learning; examines the existing role of diagrams and pictures in computer
programming and lastly discusses the theories behind the measurement of the impacts.
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Chapter 4

Literature Review

4.1 Introduction

4.1.1 The structure of the literature review

The literature review is structured around, firstly the gap in the literature followed by four
themes that form the conceptual framework (see Section 5.2). | have researched these
themes firstly to establish the hypotheses and secondly to form a theoretical explanation
of the results. The four themes within the literature review are:

e A pictocentric approach - learning programming through pictures (Section 4.2);

Psychology and interpretative faculties of vision that contribute to learning com-
puter programming (Section 4.3);

Ways of learning computer programming classed as "visual" from text to digital
(Section 4.4);

Measurement and theories of why people adopt a learning technology (Section
4.5).

There are two reasons to examine the visual communication side of computer science
and the pictures used to teach it. The first is to examine pathways for solutions to the
research questions (see Section 3.1) for the target audience of this study, namely Year 8
students, and encourage them to consider computational thinking in an alternative visual
form. The second is to provide evidence that illustrated documentation enhances the
understanding of computer science.

This literature review, explicitly considers the dominance throughout the history of com-
puter science of textual instruction materials. A set of instructional materials for computer
programming accompanies the writing of this thesis and these milestones were explained
in the previous paragraph. These materials, as an integral part of TOAOCP, tested ideas
that emerged from my creative process in the creation of the milestones (see Appendix
A).
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Figure 5.3 is a diagram of the conceptual framework developed for TOAOCP that is dis-
cussed fully in Chapter 5, Section 5.2.
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Philosophy, semiotics and this research

A full semiotic analysis of the image was outside the scope of TOAOCP. However this
research took into account Kantian Theory which documents the role of the picture in
the depiction of knowledge acquisition (Arnheim, 1969; Deleuze & Guattari, 2014). Also
Peircian logic was considered within this thesis (Peirce, 1974). To examine the role of
the picture, in learning for adolescents, it is necessary first to define 'what a picture
is’ according to direct perception or how we see. If a person possesses the ability to
see, sight is the dominant biological sense used to communicate. James J. Gibson was
a psychologist at Princeton University in the 1930s and a visual perception expert on
pictures. According to Gibson, information in ambient light received by the eye does not
only contain colours and forms, but invariants. He states:

. a picture is a surface so treated that it makes available an optic array of
formless invariants at a point of observation. (Gibson, 1975, p. 228)

The above descriptions of a picture, refer to what it represents, regardless of any cog-
nitive process that occurs after the eye receives the image of the picture. After seeing
a picture, the viewer takes the appropriate action as required. This study prioritises
the role of pictures in learning and considers a perceptual response, or what the pic-
ture represents as an interpretation of a schema, as well as its relationship to image
and rhetoric. Schema will be discussed in depth further within the learning section (see
Section 4.3.2). The types of pictures used within communication vary depending on their
purpose. Accordingly, the milestones (see Chapter 2, Section 2.2) have been created
using line art or less than realistic pictures for TOAOCP (see Appendix A). Picture clas-
sification can occur through a continuum. The level of visual realism adopted by an artist
is a factor that alters the meaning of the picture presented and is discussed later in the
literature review (see Section 4.2.2).

While some disciplines have ways of classifying a picture and its role within learning, de-
sign theory has dodged the reasons behind the construction of the image and its asso-
ciated perceptual laws. This thesis therefore applies pictures to the learning of computer
programming and is an example framework. Pictures generally improve learning com-
plex information (Bobek & Tversky, 2016), and | use them within visual design to teach
computer programming.

The aspects of perception, cognition and realism place visual learning within the con-
temporary environment of the Year 8 adolescent. The literature review starts with a
discussion on visual communication theory and draws attention to current research that
acknowledges that graphic design principles are often not used to create the materials
for programming.

Visual communication theory

Sless (1981) states that "Visual communication is the conveyance of ideas and informa-
tion in forms that can be seen. Visual communication in part or whole relies on eyesight”
(p. 187). This definition places visual communication firmly within the domain of the
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senses by raising the physiology of eyesight and by stating that eyesight is only part of
the communication process he leaves room to extend the definition into how the brain
further interprets a message.

Frascara (2004) stated that a good design of visual communication is measurable through
audience comprehension. He further notes "... visual communication design is not just
about looks; it is fundamentally about performance” (Frascara, 2004, p.12). The empha-
sis is on the interpretation or how the visual argument works after the visual communi-
cation artefact is sighted. The participant’s reaction to the impacts, as well as compre-
hension, was used to measure the affects of pictures within TOAOCP (see Section 4.5).
Visual communication experts tend to focus more on the organisation of pictures and
images rather than the creation of them. This is a function of many visual communication
theorists applying semiotics to their understanding of pictures. Semiotics is useful only
for picture analysis (the pictures must pre-exist), not for picture construction.

Graphic design (see Section 4.2.3) was used within TOAOCP to produce the visual com-
munication artefacts (see Appendix A). Although graphic design is a form of visual com-
munication (Hollis, 1994), this communication is only successful when meaningful and
the message can be interpreted by the viewer. Visual communication theory along with
graphic design, visual realism, the gestalt principles, information design, synaesthesia
and caricature are not routinely applied to computer programming teaching. It is this gap
that TOAOCP seeks to explore and test throughout this research.

4.1.2 Gap this literature review addresses

Computer science academics have long stated the need for a formal inquiry through-
out the teaching of the discipline along with clarity on how to do this (Lethbridge et al.,
2007; Bollin et al., 2016; Bollin & Sabitzer, 2015; Gutierrez et al., 2018). Computer
science is concerned with theories founded on patterns of information and how to ab-
stract and compute that information. Computational thinking is the predecessor to these
ideas. Several researchers note the need for design, consolidation of curriculum com-
munication, and better guidelines on how to teach computer programming (Bell-Allen,
2016; Ben-Ari et al., 2004; Pears et al., 2007). Ben-Ari and Pears have voiced blanket
criticisms that concern the teaching of computer programming. There is a sharp criti-
cism of the number of screenshots (see Figure 4.2) that exist within the documentation
and the limitation of these (Horton, 1993; Blevis et al., n.d.). The screenshots are of the
human-computer interaction (HCI) or graphical user interface (GUI) displaying the cod-
ing language. Programming is not necessarily represented through the GUI at a deep or
meaningful semantic level as it could be through the use of diagrams or pictures.
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Although screenshots do support learning computer programming, it is hard to determine
precisely how much assistance they actually provide (Gellevij et al., 1999, 2000). Despite
this fact, screenshots are images and therefore on some level do support the learning
process of computing (Gellevij, 2002; Gellevij & van der Meij, 2004; Carroll & Rosson,
2006; Van der Meij, Karreman, & Steedhouder, 2009).

Visualisations as computer programming communication

There are teaching methods within computer programming that make use of pictures.
The most used digital methods are software visualisation, which is an established disci-
pline within computer science, and textbooks used to teach novices. The type of software
visualisation that | have experimented with in TOAOCP is source code visualisation, that
is, using hand drawn pictures to explain the line by line execution of a software pro-
gram. Software visualisation is defined as software visual information that is part of
a software system. The visualised part is either the structure of the program (Staples
Bieman, 1999), characteristics of execution (Trumper et al., 2013) and behaviour (Kuhn
et al., 2006, Stasko et al., 1997) when the program runs (runtime behaviour) Diehl, 2002;
Diehl, 2007; Knight, 2002). These visualisations are static, animated, 2-D or 3-D in form
(Marcus et al., 2003; Wettel et al., 2007). Software visualisations can also represent the
evolution of a software system.

Through different media, print and digital, authors have the opportunity to make use of
pictures in their respective types of communication. The problem is not that computer
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scientists cannot see what their code is doing. Instead, it is more related to the effec-
tiveness of the communication of software concepts through the documentation to the
reader. In support of the preceding point Chiu (2015) states:

It is found that the examples lack abundant guidance of problem-solving
steps for students, especially little attention was paid to problem analysis,
solution planning and testing/debugging step. Most examples focus on the
description of program codes rather than the detail steps of problem-solving.
(Chiu, 2015, p. 223)

The visualisation issues in programming concerning lack of clear communication are
also somewhat mirrored by an academic view of programming communication on the
whole echoed by Knuth and Denning in Section 4.4.3. This section (Section 4.1.2) now
addresses the effectiveness and clarity of programming textbooks that are another media
that utilise picture and image communication to convey complexity.

Textbooks as computer programming communication

The reason for examining the topic of textbooks in the education of programming is
because a school of thought exists that manuals and documentation are unnecessary.
When the introduction of the graphical user interface (GUI) occurred, key industry play-
ers questioned the use of any instructions including programming tuition beyond those
displayed on the screen. For example Steve Jobs believed the success of the Macintosh
computer was because it had a GUI that imbued "... meaning beyond the simple linguis-
tics" (Novak, Feb 1985) he further stated, "People will not read those damn 400-page
WordStar manuals. They won’t carry around these cards in their pockets with 150 slash-
W-Zs. They'’re not going to do it" (McCracken, 2014). A specific example of an excessive
manual like the one Jobs would have been referring to is WordStar Reference Manual 3.3
released around 1983 (McCracken, 1983). However despite the early expectation that
the GUI would be naturally intuitive, textbooks have remained the main teaching tools for
computer science education. An extra set of communication is required in addition to the
GUI in order to navigate these software systems meaning a user has to decipher first
a text, then understand a GUI and before even getting to the complexity of the coding.
The significance of this argument is that there seem to be multiple linguistic systems in-
tegrated into each other in order to communicate programming. Programming text books
are the standard method of information delivery in high school from teacher to student.
There exists a substantial communication problem with these resources. Despite the
frustration with the current state of programming communication for novices, the topics
addressed in TAOCOP such as presence of less realistic pictures, information design or
the gestalt principles are not used to assess these traditionally accepted ways of educat-
ing programmers.

School textbooks are "... a tool which closely follows a curriculum and is adapted to the
student’s cognitive abilities and prior knowledge ..." and "... is a vital element in the
daily work in schools from both the students’ and teachers’ perspectives and is a source
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of facts which are presented clearly for students" (Hajdin & Divjak, 2016, p. 21). Goran
Hajdin and Blazenka Divjak analysed sixty-two papers on topics related to textbooks on
programming communication and concluded that textbooks are the most “... commonly
used tools” (Numanoglu & Bayir, 2009, p. 22). These textbooks were the most important
sources of valid information in the process of education. They noted the sparse amount
of research into the field of informatics and the "... challenge for the authors, partic-
ularly in view of the fast pace of change in the field" (2009, p. 22). As there was no
Australian precedent at this time concerning the effectiveness of computer science high
school texts, | searched internationally for a precedent in this area. Turkish researchers
Numanoglu and Bayir's (2009) research paper was not interested in the format or media
of the text but rather in the pedagogical practices presented within. After extensive ci-
tation network analysis, Hajdin identified a boost in student motivation that he attributes
to the organisation of one of the textbooks in the lower secondary schools. Although
graphic design techniques were not examined within Hajdin’s study, it is important as it
found the learning materials impacted the motivation levels of the students. Motivation
was an impact examined in TOAOCP and is discussed later within Chapter 4 (see Section
45.4).

The programming text was unique in that the authors used "different teaching meth-
ods and tools including mind maps, illustrative examples. .." (Numanoglu & Bayir, 2009,
p. 31). Hajdin further cites other programming experts that have found that textbooks
should be modular in instruction and that content, software and authorship (see Section
4.2.3) need further research (Dicheva et al., n.d.; Freiermuth et al., 2008). Numanoglu
and Bayir looked at the programming textbooks according to visual design and concluded
that the textbooks are the most popular tools (Numanoglu & Bayir, 2009). This visual de-
sign, did not consider pictures (see Section 4.2), comic book theory (see Section 4.2.1),
information design (see Section 4.2.4), gestalt theory (see Section 4.3.5) or other dia-
grammatic tools (see Section 4.2.4) that are discussed within this literature review.

The research on textbook use within secondary classroom settings revealed that stu-
dents only used texts when explicitly instructed to do so and that there should be a va-
riety of resources available (Driscoll et al., 1994). Gottfried (1990) indicated that some-
times teachers are unsure of what best practice actually means regarding textbooks.
Hutchinson and Torres (1994) highlighted that textbooks have a clear role as agents for
change. Shymansky et al. (1991) acknowledged that the quantity of information a student
is expected to absorb contributes to cognitive load however teachers would not reduce
the amount of text in these books even though the teachers understood that all the in-
formation could not be contained. However, a picture is also worth a thousand words
(see Chapter 7, Section 7.5). A large volume of information can be condensed with
a picture, and, in addition to this, pictures offer additional positive benefits for learning
(Alessandrini, 1984; Mason et al., 2013; Koedinger & Nathan, 2004) in terms of mem-
ory (Paivio, 1986) and recall (Levin & Mayer, 1993). How much text a student wants on
a page is another gap in the literature addressed in the focus group discussions (see
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Chapter 6, Section 6.3.3) along with the reduction in documentation size (see Chapter 7,
Section 7.5).

Very few research papers on programming textbooks involve visual communication or
design in their theoretical background. As will be discussed later in Chapter 4, noted
computer science academics Paul Denning and Emeritus Professor Donald Knuth stated
that computer science needs to be open to other fields as well as be available to a wide
range of audiences (see Section 4.4.3). TOAOCP seeks to apply visual communication
as a method to make programming information accessible while also appreciating the
principles of Universal Design for Learning (UDL) (see Section 4.3.7).

Spiliotopoulou-Papantoniou et al. (2009) examined the visual internet representations in
secondary schooling in Greece. These researchers prioritised visualisation to represent
abstract topics, and the results highlighted problems in the student’s interpretation of the
visualisations. Their suggestions for further research included analysis of the visuali-
sations. They also suggested an approach where the students analyse the instructor’s
use of the representations. The significance of the suggestions for TOAOCP was al-
though visualisations are somewhat helpful for some of the students for understanding
programming, they may not be the best method for assisting the recall of the individual
algorithmic sequence occurring in the program. TOAOCP considered a limited num-
ber of 2-dimensional static pictures on a page to contrast to what is dominantly used in
the computer programming industry to visually educate students, that are, programming
textbooks and software visualisations (see Section 4.1.2). The limit may assist recalling
information better.

According to Grover and Pea (2013) and Lye and Koh (2014), a fundamental problem
within the communication of computer programming skills within high school is that that
there is "...little evidence on the transfer effects of computer programming skills in the
context of twenty-first century education" (Scherer, 2016, p. 1). One reason for this lack
of reflexivity or deeper learning is that the programming curriculums used to teach ado-
lescents in the past, may need to be redesigned. Despite the difference in the mediums,
problems also occur in the digital realm that are also worthy of a visually designed solu-
tion.

The literature search concerning the state of programming tuition also involves the me-
dia the content is displayed irrespective of what that content is. Despite the proliferation
of the graphical user interface (GUI), a tool designed to display pictures, an analysis of
the effects of using pictures comparing different communication mediums to teach cod-
ing has not occurred. Fessakis, Gouli, and Mavroudi (2013) suggested an approach
whereby new programming environments for children should be developed, and Mayer
(2015) also supported more rigorous research beyond the description of the program-
ming environments tools. Scherer (2016) contends that transfer effects of programming
instruction must be systematically evaluated. A digital image solution may be what is
needed in these contemporary programming environments.
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TOAOCP examines the effects of placing the pictures first in the documentation. My re-
search also draws from comic book theory as well as graphic and information design in
the design of the programming documentation. Other studies do not evaluate program-
ming documentation from these angles. In their article titled Suggestions for content
selection and presentation in high school computer textbooks, Lin and Wu (2007) pro-
pose ways to choose what is included in high school computer textbooks and how this is
presented. This Taiwanese study reviewed thirty-two textbooks analysing inadequacies
and summarised them as follows:

e Wintel bias;

Too much coverage of software application tools;

Too little of computer science concepts;

Too many technical terms;

Meaningless analogies and examples;

Lack of supplementary materials;
e Inadequate treatment of programming-related content.

Lin and Wu (2007) also found that lengthy discussion of irrelevant topics was inappropri-
ate and that technical terms in text books were often used in excess and poorly defined.
They raise the issue of facts being presented as fragments rather than within a system.
Fun, a factor examined for its relationship to using pictures when learning computer pro-
gramming in TOAOCP (see Section 6.1.5), is also claimed by Lin et al. when computer
teaching methods that utilise pictures are used "... such as simulation or visualization
tools" (p. 518). Fun, in Lin’s article, is not directly linked to the use of images within
the simulation or visualisation tools. The examination of the relationship between fun
and the intent of the participants to learn programming through pictures was examined in
TOAQOCP (see Section 6.1.3). TOAOCP examined each factor of attitudes within learn-
ing, for its impact upon intent to learn programming through pictures as well as comics.
For a full discussion of the impacts see Chapter 6.

Visual Basic (VB) is a programming language where a programmer creates an appli-
cation using components on a drag and drop interface. The majority of high school
computer teachers in Taiwan (72%) favour VB as the language of instruction because it
is fun and easy to learn. The United States also favours VB in high school (Stephenson,
2000; Stephenson & West, 1998). Lin and Wu (2007) make the point that despite the
popularity of VB as a preferred teaching language in these countries, the textbooks that
communicate VB are unsatisfactory. The reason given for this poor communication is
an over-emphasis on the GUI details at the expense of the "... programming basics"
(p- 519). The success of a textbook for VB would be due to blending programming con-
cepts into the "... visually appealing programming features” (p. 519). Visual realism was
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used in TOAOCP to combine code and picture (see Section 4.2.2) where Figure 4.22
and Figure 4.23 illustrate how pictures and text were combined for meaning-making.

al . ;
- Macintosh.MacPaint

FIGURE 4.3: MacPaint manual cover

At this stage within this literature review, it is worth noting some of the issues cited about
documentation and communicating its use through a historical example. The public could
use MacPaint in 1984 (see Figure 4.3). One manual (text) written for the MacPaint soft-
ware used a different publishing model, where graphic designers worked alongside the
engineering team from the beginning of the product development lifecycle. Employing
graphic designers at the beginning of the software development lifecycle was radically
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different from the previous model. Here graphic designers worked alongside the engi-
neering team. At the time the reviews about MacPaint highlighted the fact that the user
interface, more specifically the iconology designed by Susan Kare was "... straightfor-
ward and intuitive" (Cates, n.d., p. 71), and had universal appeal (see Figure 4.4). The
publishing model was altered to communicate to a graphic design audience who would
be the 'user base’ for MacPaint.
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Current pattern Patterns toft
{

FIGURE 4.4: MacPaint 1984 manual p. 4

Users of the MacPaint manual and Macintosh system programmers both had different
needs in terms of documentation requirements. The distinction between writing for the
Macintosh system programmers and the MacPaint users was unique because different
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people were employed to fulfil diverse roles. MacPaint software manuals involved the
creative services team comprised of artists and designers such as Clement Mok, who set
a graphics standard for the original user manuals. Mok approached the design process
from the point of view of the user, and he therefore positioned the MacPaint manual
to embody clarity for the user. Mok prioritised communication through design, and the
user base began to see computers as being almost ‘friendly’. At this stage of writing
the MacPaint manuals, the brief from Jobs was that they would be like a magazine. The
manuals were to have a short amount of text, and graphic designers were to design the

manuals.
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FIGURE 4.5: MacPaint 1984 manual p. 10
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The designers influenced all areas of authorship including pictures, structure and type
(see Figure 4.5). The MacPaint manual addressed three areas of learning through the
structure of the book (see Figure 4.6). The first area concerned learning that involved
gesture and the HCI. The second looked like a recipe book where a visual style of an
algorithm would involve repetitive tasks. This recipe style section was time ordered from
left to right within six columns. The third and last area was a summary of the tools,
icon by icon. There were ’callouts’ or information concerning tips that were designed
to look different in this section (Section 4.1.2). Because of the budget allocated for the
manuals, high-quality photographs of human models, as well as machines, were used.
Photographs were expensive to print and conveyed an aesthetic purpose or high culture.
Line art indicated visual instructions and communication. Arguments surfaced over the
amount of text in the manual as the inventors of MacPaint stated that it was devoid of fun
and did not promote exploration (Pang, 2000). At this stage, Bill Atkinson, the inventor
of MacPaint rewrote the manual purely as a picture book. Another rewrite of the manual
occurred later, as some software reviewers thought it too thin. At the time of MacPaint,
manuals were products that rationalised the cost of software that could not be seen or
held, and thus the thicker the manual was, the better.
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FIGURE 4.6: MacPaint 1984 manual p. 17

This brief case study on the early history of Macintosh documentation was raised in
order to highlight communication issues between writers, designers and programmers
when software is being documented. The publishing model that was used to record the
MacPaint software was different from the existing documentation produced at the time
because graphic designers began to work as part of the team from the beginning of the
product development cycle. The frustration of designers when they are "... brought in too
late within the product development lifecycle" is widely acknowledged (Buchanan, 2011,
34:27). This section has briefly covered some significant issues concerning the commu-
nication of computer software. The literature review now continues with a discussion of
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pictures, their definition and how they aid the process of communication.

4.2 A pictocentric approach - learning programming through
pictures

This section discusses the relevance of pictures within the research. Figure 1.7 to Figure
1.13 have already given a general idea of how visual communication can represent pro-
gramming for Year 8s. These figures formed part of the instrumentation (see Appendix
A). Pictures as communication in learning and complexity are rarely addressed or stud-
ied. Many graphic design texts comprehensively discuss layout and type (Elam, 2001),
however few discuss images and how to make them. Disparate evidence has been gar-
nered from the areas of graphic design, instructional design, comic book theory, and
visual realism to form this section of the literature review. These areas have been com-
bined within TOAOCP to consider learning complexity through pictures first and were a
pictocentric approach to communication.

The term ’picture’ has been used interchangeably with the word ‘image’ by many schol-
ars. Within seminal critical literature however, the two terms are treated separately.
Pictures are a physical form of, for example drawing on a page or oil on canvas, or pixels
on a screen (see Section 4.2). They possess varying complexity and levels of realism as
noted by picture theorists as well as comic book artists (Gropper, 1963; Knowlton, 1966;
Dwyer, 1979; Wileman, 1993; McCloud, 1993a; Medley, 2013a). One of the research
aims within TOAOCP was to consider pictures for the value they offer besides the aes-
thetic. If pictures are used as a communication medium, it is necessary to leverage and
understand how they are designed to inform before being aesthetically pleasing.

The picture creator takes into account many visual features when designing. Distillation is
the process of removing detail from an image so that it appears less than real (McCloud,
1993Db). lllustrations are often distilled from a photo. Pictures that are distilled can com-
municate more powerfully than their real versions (Medley, 2010). Distilled pictures have
been used throughout TOAOCP for the purposes of clear communication. All the images
created for TOAOCP describe programming concepts and ideas. The participants were
mostly successful at understanding their meaning 6.2.1. Visual faculties such as per-
ceptual constancies exist within the brain whereby what the eyes see is expected to be
the simplest version of what exists schematically in memory before. Once the brain de-
tects for example, picture signals from the eyes, the brain matches the signal to existing
schema, if no match exists the schema is recreated and modified. Perceptual constan-
cies are mental faculties that allow a less real object to represent a real object. Within
constancies, shape, size and colour constancies reside. TOAOCP used these constan-
cies in the pictures created, the Gestalt principles as well as caricature to communicate
directly with the viewer, leverage visual perception and lastly to support memory within
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