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Doctor of Philosophy

Expanding the Frame: Realising Engagement Through an Interactive,
Visualisation-Based Search in Digital Humanities Research Environments

by Shane A. MCGARRY

As the Digital Humanities expands its modes of interrogation, it has continued to de-
velop new ways of researching and exploring text. As a result, visualisations have
risen to prominence as scholars have begun to explore concepts behind Moretti's
Distant Readingand Jocker's Macroanalysis While the study of these types of visu-
alisations has largely focused on their ability to provide higher-level insights, little
exploration has been conducted concerning their effectiveness within the context
of a learning or research environment. Drawing on discussions from elds of psy-
chology (speci cally the role of working memory), education (modes and frame-
works of learning), and computer science (usability and interaction design), this
thesis attempts to discover the effects of interactive visualisations compared to stan-
dard keyword search approaches on a user's engagement with the overall system,
as well as the effect on learning as a direct result of engagement. Centred around
an 18th century manuscript detailing the expenditures of the Royal Irish College at
Alcala de Heneres, this thesis presents the design and implementation of the Alcala
Record Bookand discusses a case study that was conducted to explore the effects
of the visualisation-based search. Ultimately, this thesis advocates for the inclusion
of an interactive, visualisation-based search as a complement to existing keyword
searches, highlighting the advantages such searches bring to engagement, learning,
and overall satisfaction with the system as a whole.
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“The public is more familiar with bad design than good design. Itis, in effect, conditioned to
prefer bad design, because that is what it lives with. The new becomes threatening, the old
reassuring.”

Paul Rand
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Chapter 1

Introduction: Laying the
Groundwork for a Theory-Based
Approach

Reading is not a natural process, but rather is the result of a learned practice which
we have continued to adapt to the ever-evolving technological landscape of the
"book" [1]. From early wax tablets to the scroll and later the codex, the human mind
has learned to adopt new methods of engagement with a source text in order to in-
crease understanding and comprehension [2], [3]. As the Internet has evolved over
the last 30 years, many scholars have sought to leverage the power and reach of this
dynamic medium in order to disseminate their work to a larger audience or (in the
case of libraries and archives) to create a digital preservation of an artefact. These
technological advances have caused an evolution in the mode of scholarship, which
has solidi ed around the eld of Digital Humanities.

However, with the onset of the digital age and the digital reproductions created
by Digital Humanists, new challenges have arisen regarding learning and compre-
hension when reading in digital environments—challenges which have never ex-
isted in prior media and which few within the eld have sought to address. While
some scholars in the humanities have begun to investigate alternative modes of tex-
tual engagement—such as Moretti's Distant Readingapproach discussed in more de-
tail in Chapter 2—in order to overcome these challenges, the work being conducted
is often viewed through a lens of novelty and curiosity. While such a lens certainly
lends itself to further investigation and research, it does little to help us understand
the problem to be solved and the application of the solution within the wider ecosys-
tem. The work herein seeks to address this very issue.
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1.1 An Introduction to the Current State of Digital Humani-
ties

When looking at work that seeks to propose alternative methods of engagement
outside the scope of "close reading";! two particular scholars rise to primacy: Franco
Moretti and his distant readingapproach [4] and Matthew Jockers and his macroanal-
ysisapproach [5]. Both argue that their respective approaches allow for larger scale
investigation of text and, like close reading, rely upon subjective analysis and con-
textualisation in order to gain new insights. However, their work primarily focuses
on the investigation of the corpus / text and fails to explore issues related to learn-
ing and comprehension (the latter of which is distinct from the former). Johanna
Drucker investigates the role of visualisations themselves not only as a means of
knowledge production, but also as a mechanism for understanding both objective
(i.e. quantitative) and subjective (i.e. qualitative) data [6]. In fact, Drucker goes so
far as to de ne four distinct levels of interpretation via the use of modelling: mod-
elling through "phenomenological experience in the making of humanities (data as
capta..[that is], the representation of temporal and spatial experience)" [6, p. 135],
modelling through relationships among documents (such as dates of creation, etc.),
modelling through narrative, and modelling through interpretation [6]. In her four
levels, the rst two advocate for more objective (read: quanti able) data approaches
while the latter two are more subjective (read: quali ed) approaches. It is through
this additional lens that Drucker holds up that this work seeks to both evaluate the
bene ts of and promote best practices in the use of data visualisations within the
ecosystems created within the Digital Humanities. But this work is also about mov-
ing beyond simple representations of design rules, which tend to focus on activities
and their connections. Rather it is a more holistic approach to the design of immer-
sive research environments with the Digital Humanities.

1.1.1 Asking the Question

In order to establish such a framework, however, more must be understood about
the nature of the environment, the goals of the user, and the goals of the creator. If the
purpose of the environment is to truly engage the user and allow for further knowl-
edge dissemination (whether through in-depth, professional research methodolo-
gies or through public engagement), the question must be asked: "What effect do
data visualisations, speci cally within the remit of Digital Humanities, have on en-
gagement with the source material—and by extension learning—in digital research
environments?"

This question bears investigation for a number of reasons, but primarily due
to the growing use of data visualisations within the humanities. While interest-
ing, many of these visualisations are created either to showcase the novelty of the

1See Chapter 2 for more discussion on close reading and proposed alternatives.
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technology or as an attempt to prove a hypothesis (but with a distinct lack of trans-
parency around the underlying data model). As a result, the reader can nd herself
making erroneous suppositions regarding the inter-relatedness of data displayed
within the visualisation, especially if the reader does not properly understand the
tools and methods at play and attempts to draw assertions that appearto be valid
but in fact are not.? Additionally, interactive data visualisations provide the reader
with new modes of engagement that can shift not only the discourse around the text
but also the discourse around usability, engagement, and learning. Understanding
how data visualisations can affect the user experience and what contributions they
can make to the learning and research processes serves to shift both our engagement
with and design of the DRE. Finally, these digital environments created by Digital
Humanists continue to grow in both scope and breadth; as such, it is our respon-
sibility as creators of this content to ensure environments are constructed in such a
way so as to optimise the research and learning experience. Otherwise, we risk cre-
ating nothing more than a digital preservation of an artefact that has lost much in its
translation from the analogue to the digital.

1.1.2 Contextualising the Work within a Research & Learning Environ-
ment

Before continuing with this discussion, the work herein must be heavily contextu-
alised. There is much work occurring within the Digital Humanities, and not all of

it will apply to the theories and frameworks discussed herein. Therefore, the reader
should consider this discussion within a pre-de ned context: that of work that is a
digital reproduction of an analogue text (usually historical manuscripts) where the
text is presented alongside a digital reproduction of the analogue artefact. These
environments generally contain both the artefact and the transcription (and where
applicable, a translation as well) and some type of search and/or browse interface.
While these types of environments go by many names, each with slight variations to
separate them from the whole, 2 for the purposes of context, the author has created
a larger umbrella under which to discuss this work: the Digital Research Environ-
ment (DRE). Any environment which meets the former description and whose goal
is to provide an artefact for the purposes of further historical research or dissemina-
tion of knowledge to the general public shall fall under this larger umbrella for the
purposes herein.

1.2 Foundational Work

While later chapters delve more deeply into the core arguments of this work (such as
the issue of reading in digital environments discussed in Chapter 2 or the importance

2This particular issue is explored more fully in Chapter 2.
3Such environments are often referred to as digital archives, thematic research collections, digital
scholarly editions, and so on.
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of interactivity and immersion with regard to engagement as discussed in Chapter
3), what follows here is a discussion of a number of concepts that lay the very foun-
dations for the larger arguments as a whole. As this work is interdisciplinary—
touching on aspects of psychology, history, education, and computer science—it
would be impossible to weave the various threads together without rst construct-
ing the loom upon which they lay.

For the remainder of this chapter, a structure will be built by drawing on con-
cepts inherent primarily in education and psychology. While these sections will not
lead the reader to an immediate understanding of the state of the art, they are impor-
tant here as to lay the groundwork for later arguments within the thesis. This sec-
tion will open with a discussion around the concept of Working Memory—a core,
foundational concept which will be drawn upon repeatedly throughout the work.
Following on will be a discussion of learning theories and the role each plays in
overall system design (which is, itself, pedagogical in nature) as well as a discussion
centred around inductive versus deductive reasoning—a critical component for un-
derstanding the various challenges at play within the DRE. This will then conclude
with a discussion of Activity Theory and the various components which comprise
and in uence its use within this work, focusing on the particular framework devel-
oped by Diana Laurillard which was the authority upon which much of the design
of this work was based.

1.2.1 Working Memory

The way individuals learn is intimately connected to how humans process sen-
sory information via attentive processes and how such information is stored and
retrieved—a process more commonly referred to as memory[7]. The earliest models
of memory involved the concept of long-term versus short-term memory. In 1968,
Atkinson and Shiffrin proposed the multi-store modebf memory which became the
predominant model for understanding memory architecture [8], [9]. ¢ According to
their model, memory is effectively broken into three primary components or  stores
sensory (one store—also referred to as a register—for each of the ve senses), short-
term (which has a limited storage capacity and is meant to store information for
only a short period of time), and long-term (which is nearly limitless in its capacity
and can hold information over long periods of time) [8], as seen in Figure 1.1. In-
formation could degrade from the sensory store via decay, ® from short-term store

41t should be noted that Atkinson and Shiffrin's model is no longer the predominant model in
cognitive psychology and has been replaced with more modern approaches such as those detailed
herein.

5Sperling notes in his work that the visual sensory store, for example, has a decay rate of about 500
milliseconds [10]. If the short-term store is otherwise occupied, information from the sensory store(s)
could be lost, thus leading to the concept of decay
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via interference,® and from the long-term store via loss of strength within the store
itself.”

FIGURE 1.1: Schematic of Atkinson and Shiffrin's model of multi-
store memory.

Atkinson and Shiffrin's model relied on earlier work by Sperling, who theorised
that sensory stores are pre-attentive—meaning that they do not rely upon attention
[8], [10]. Sperling additionally introduced the idea of iconic (visual) memoryhrough
his experiments in 1960. Here, Sperling provided study participants with a screen
that ashed images of letters one at a time for a fraction of a second. Most study
participants were able to recall some of the letters but typically no more than 4 or 5
[12]. Sperling theorised that this was due to the eeting nature of the iconic mem-
ory store and its pre-attentivestate. Baddeley and Hitch believed there was more
involved with simple repository stores for memory, especially when considering the
data from patients with brain damage whose ability to recall information did not t
neatly into the idea of a short-term vs long-term store. Baddeley and Hitch theorised
there was a more robust system at play and sought to understand exactly what af-
fected storage and recall. This led to the development of a new model for short-term
memory, using the concept of working memory.

Baddeley's Model of Working Memory

In 1974, Baddeley and Hitch proposed a model for working memory that trans-
formed the concept of short-term memory into a more robust, complex system [9],
[13]. Their model stipulated that working memory & went beyond simple tempo-
rary storage for memory purposes, but rather acted as a type of workspace for tasks
that were not memory-speci c. Three primary components constituted the initial
model: the visuospatial sketchpad, the phonological loop, and the central executive
(see Figure 1.2 for a simple model of Baddeley and Hitch's early proposed system of
working memory).

SInterference is caused when a new memory is found to be competing with resources during the
commitment or retrieval of other memories. Interference theory is used to explain much of the nature
of con ict within the working memory system, such as articulatory suppression, list length, and part-
set cueing [11]

“Consider, here, examples of memory loss associated with ageing, trauma (such as amnesia or brain
damage), illness (such as dementia), and (most predominantly) lack of use.

8Schacter, Gilbert, Wegner, et al. provide the following de nition of working memory: "[working
memory is the] active maintenance and manipulation of information in short-term storage" [7, p. 184].
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FIGURE 1.2: Schematic of Baddeley and Hitch's early model for work-
ing memory.

According to Baddeley and Hitch's early theory, each of these components served
a particular purpose: the visuospatial sketchpad was used for processing visual and
spatial information, the phonological loop was for processing auditory information,
and the central executive served as a type of processor: combining information from
the other two components and integrating them into long-term memory. The central
executive also assists with recall from long-term memory, passing off information to
the visuospatial sketchpad and phonological loop as needed. A fourth component,
known as the episodic buffer, was added in 2000 after Baddeley determined there
was some type of cooperation between the visuospatial sketchpad and the phono-
logical loop [14], [15]. Figure 1.3 describes the addition of the episodic buffer to the
working memory model. As each component plays an integral role in the both the
reading process and with comprehension as a whole, a short exploration of each
component is necessary.

FIGURE 1.3: Schematic of Baddeley's model incorporating the
episodic buffer.

Phonological Loop  The phonological loop handles auditory information (primar-
ily speech) in the working memory system; the most common function of the phono-
logical loop is to maintain the order of words [9]. The phonological loop is also lever-
aged during inner speech-speech which is not audible but occurs within the mind—
and as a result, the phonological loop plays a signi cant role in reading (whether
silently or aloud) [16]. While the visuospatial sketchpad plays a vital role in the pro-
cessing of text on screen, the phonological loop plays a signi cantrole inthe retention
of information through its two subcomponents: the phonological store (or inner eaj
and the articulatory control process (or inner voicé [13].
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FIGURE 1.4: The phonological loop model as proposed by Baddeley
and Hitch.

As seen in Figure 1.4, the articulatory control process acts as a rehearsal mecha-
nism for information in the phonological store. As information enters the store, it is
rehearsed in the articulatory control process and then eventually handed off to the
central executive for processing (either through the episodic buffer or directly into
long-term memory). It is this rehearsal mechanism which allows for comprehension
during reading.

Visuospatial Sketchpad The visuospatial sketchpad is the area of the working
memory system responsible for processing visual (what) and spatial (wherg informa-
tion [9]. Like the phonological loop, the visuospatial sketchpad plays an important
role in the reading process by assisting with recall on the page through an orienta-
tion of the text within the page position. ° Additionally, the visuospatial sketchpad
can be used to interpret semiotics and other visual indicators (such as colour, shape,
and pattern recognition). Recent research has also pointed to a reliance on the visu-
ospatial sketchpad for the interpretation of haptic (i.e. touch) feedback [17].

Logie elaborated on the visuospatial sketchpad in 1995. In his work, Logie split
the visuospatial sketchpad into two primary working components: the visual cache
and the inner scribe [18]. Under Logie's model, the visual cache acts as a sort of store
for visual information (such as colour or form). It is a passive component in and of
itself—its purpose is only to store static information regarding visual patterns. The
second component, dubbed the inner scribe, is an active component system that is
responsible for the transfer of information from the visual cache to the long-term
store [18].1° Additionally, the inner scribe can store information regarding move-
ment, sequence, and physical action!! Logie's model for the visuospatial sketchpad
can be seen in Figure 1.5.

9More on the role of the visuospatial sketchpad in reading and digital environments can be found
in Chapter 2.

10Transfers to the long-term store occur either via the central executive or via the episodic buffer and
central executive.

11Because the inner scribe contains information regarding the control of physical action, Baddeley
has theorised in his later work that the visuospatial sketchpad as a whole also serves as a storage and
processing ground for haptic feedback [17], [18].
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FIGURE 1.5: Logie's model of the visuospatial sketchpad.

Episodic Buffer  The third component, added by Baddeley in 2000, is the episodic
buffer, which acts as a sort of temporary store for holding chunkednformation—that
is, it integrates input from the visuospatial sketchpad and the phonological loop.
The idea of the episodic buffer was developed in an attempt to explain some in-
consistencies observed by Baddeley in the original model. A set of experiments
tasked readers with random key presses while attempting to read three different
types of prose: a fairy tale ("easy" to comprehend), prose describing a medical con-
dition ("medium"” dif culty in terms of comprehension), and an excerpt of philo-
sophical text (deemed "dif cult" to comprehend, thus requiring more cognitive ef-
fort) [15]. The expectation of the experiment was that the key presses would be
more random—thus indicating less cognitive effort—with the fairy tale than with
the medical prose, and more random with the medical prose than with the philo-
sophical text, the idea being that as cognitive effort rises (e.g. the comprehension of
more complicatedexts), there would be less available resources to continue to press
keys at random. In fact, what Baddeley, Allen, and Hitch discovered was that the
randomness of the key pressing did not change depending upon the readability of
the text but rather remained consistent across all three texts, indicating a larger sys-
tem at work [15].

Baddeley later expanded on this theory by examining retention rates of patients
with amnesia; most of the patients he examined demonstrated great dif culty in
both immediate and delayed recall of a piece of text they were tasked with reading.
However, a small number of patients, who were determined to have "high intellec-
tual capacity" [15], were able to demonstrate strong immediate recall of the text (but
just as poor delayed recall as other patients). This suggested to Baddeley, Allen, and
Hitch that these patients were able to leverage the central executive, largely thought
to be an attentive process, to support recall; however, as this strategy seemed to
only be effective in "high intellectual capacity" patients, it clearly was not a common
strategy for the general populace. As a result, the episodic buffer was born.

In its initial concept, Baddeley theorised that the episodic buffer acted as both a
passive store and an active process which served the role of integrating information
between the phonological loop and visuospatial sketchpad, thus allowing the central
executive to focus on attentional control [14]. Baddeley and his team set out to prove
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this theory through a series of experiments designed to test both visual and verbal
binding in memory. 2 However, the experiments produced no strong indication of
the working memory system being a necessary component for verbal or visual bind-
ing. This led Baddeley, Allen, and Hitch to determine that the episodic buffer is not
a system that actively integrates information but rather acts as a multidimensional
storage mechanism which the central executive can use as a type of temporary store
as it attempts to integrate information relayed from the phonological loop and the
visuospatial sketchpad. In addition, the episodic buffer can also be used to store in-
formation retrieved from long-term memory, which will be integrated into working
memory and used to assist the central executive with the parsing and integration
of information from the phonological loop and visuospatial sketchpad. Thus the
episodic buffer can be seen as a type of RAM storage within the working memory
system: a temporary store designed to assist in both permanent storage and the in-
tegration of other multi-modal data for further analysis.

Central Executive The nal component of Baddeley's model is the central execu-
tive. Referred to in his work as the "all-powerful homunculus" [17, pp. 223, 225],
the central executive serves a multi-dimensional purpose—each of these purposes
identi ed as executive processea3ne of its primary roles is that of an attentional con-
trol mechanism with three primary executive processes: the ability to control (or
maintain) attention, the ability to divide attention, and the ability to switch atten-
tion (also seen as the ability to switch between tasks) [17]. Much of this attentional
model was based on Norman and Shallice's model of the executive function of at-
tention known as the Supervisory Attentional System (SAS) [21]. The SAS theorises
that the executive function of attention is composed of a series of learned actions that
are then translated into scripts. As the system encounters situations which require
attentional control, the SAS can leverage these scripts in order to make decisions re-
lated to attention [20]. Similarly, the central executive monitors attention and directs

it to either:

(a) focus attention on a particular task
(b) split attention between multiple tasks
(c) switch attention to another task

This attentional switching plays a vital role in reading comprehension and encoun-
ters unique challenges with regard to digital environments. 3

Another executive function crucial to the central executive is its ability to inter-
face with long-term memory. This two-way interface allows the central executive

12These experiments are detailed in Baddeley, Allen, and Hitch 2010 paper entitled Investigating the
Episodic Buffef15] and in his follow up paper in 2011 entitled Binding in Visual Memory: The Role of the
Episodic Buffef19]

13For immediate reference, see [22]-[24]. For a more in-depth discussion of how attention affects
reading and the unique challenges of attention in digital reading environments, see Chapter 2.
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to write information to the Long-Term Memory (LTM) store, as well as retrieve in-
formation from LTM and store it in the episodic buffer in order to integrate it with
other information in the working memory system. % Part of this integration also
involves the encodingof information from the phonological loop and the visuospa-
tial sketchpad[18]. This encoding allows for the integration of information stored in
the episodic buffer which originated in the phonological loop and the visuospatial
sketchpad and, when integrated, forms a more complete memory.

As an example of this phenomenon, consider the act of reading this thesis. As
the reader scans the words on the page, the visuospatial sketchpad is using the vi-
sual cache and the inner scribe to encode and interpret the characters on the page
into words. Simultaneously, the central executive is pulling information from LTM
in order to assist with the comprehension of the words. As the words are articulated
using the inner voice the phonological loop is engaged to capture the reading in the
working memory system. The data in both the phonological loop and the visuospa-
tial sketchpad are stored in the episodic buffer, and the central executive is then
engaged to integrate the multidimensional data into an array that can be encoded
into memory, all the while keeping the attentional process engaged and focused on
the task of reading.® But how exactly does the central executive maintain attention
while integrating data from the episodic buffer? The answer can be found in Miyake,
Friedman, Emerson, et al.'s Unity/Diversity Framework.

Unity/Diversity Framework

Miyake, Friedman, Emerson, et al. sought to categorise the executive functions of
the central executive, which go beyond the four primary subsystems listed above,
leading to the creation of the unity/diversity framework: a framework which de-
scribes executive functions as having common underlying functionality plus ad-
ditional functionality that is unique to each function [25]. As part of their work,
Miyake, Friedman, Emerson, et al. de ned three standard functions (which subsume
each of the 4 executive functions described by Baddeley). These functions are [9]:

1. Inhibition Function - the primary purpose of this function is to override pre-
vailing responses or to prevent distraction. The most common example of the
inhibition function is demonstrated by the Stroop Taskvhere words for colours
are written on a background of a con icting colour (for example the word  red
is written on a blue background). When asked to name the colour of the card,
the participant must leverage the inhibition function to stop themselves from
reading the word printed on the card rather than stating the colour of the card
as instructed

14This latter integration plays a crucial role in reading comprehension as discussed in Chapter 2.
15The process of reading and the differences between analogue and digital reading are discussed in
depth in Chapter 2



1.2. Foundational Work 11

2. Shifting Function- this function is the primary function for switching between
tasks or shifting attention from one set to another

3. Updating Function- the updating function is responsible for both addingand
deletinginformation in the working memory store. Logically, one can extend
this to the function of the central executive in Baddeley's model that also re-
trieves and writes information into LTM

While each of these functions performs a speci c task, they also contain a common
executive function which Miyake and Friedman describes as "one's ability to ac-
tively maintain task goals and goal-related information and use this information to
effectively bias lower-level processing” [26, p. 11]. Integrating Miyake, Friedman,
Emerson, et al.'s work into Baddeley's model of the central executive (see Figure
1.6) provides a more holistic view of how the central executive manages attention
and working memory as a whole—concepts crucial to understanding the problems
with digital reading as discussed in Chapter 2.

FIGURE 1.6: An integration of Miyake, Friedman, Emerson, et al.'s

unity/diversity framework with Baddeley's central executive. Note

that the inhibition function does not have its own speci c diversity

item as it is often seen as a parallel of the common executive func-
tion[9].

Working Memory: The Complete System

By integrating Miyake, Friedman, Emerson, et al.'s work with Baddeley's models as
they evolved over time, a richer understanding of the working memory system is
obtained. As information is initially captured by the appropriate sensory store (in
the case of working memory, either the phonological loop or the visuospatial sketch-
pad), the central executive is able to pass information off to the episodic buffer for
temporary storage (via the updating functior), shift attention or resources to the inte-
gration of information within the episodic buffer (via the  shifting function) or lever-
aging either the common executive function or (if necessary) the inhibition function
to maintain attention and prevent distraction. This full model of working memory
(see Figure 1.7) will be referenced throughout this thesis.
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FIGURE 1.7: The full model of working memory integrating the work
of Baddeley and Hitch, Logie, and Miyake, Friedman, Emerson, et al.

Working Memory and Reading

While reading will be explored in more depth in Chapter 2, it is worth discussing
brie y here the role of working memory with regard to reading comprehension. The
literature demonstrates a strong correlation between working memory and reading
comprehension in both adults [27] and children [28]. While much of the literature
discusses the role of the phonological loop in reading comprehension [29], [30], fur-
ther discussions regarding the role of higher level-functions in the central executive
highlight the importance of subsystems beyond that of just the phonological loop
[31], [32]. Given the literature around the role of working memory as it relates to
reading comprehension, an understanding of the working memory system will be
essential for future discussions of reading (and other forms of knowledge acquisi-
tion) which occur throughout this thesis.

1.2.2 Theories of Learning: An Overview

Just as working memory plays a vital role in reading and comprehension, so too does
learning theory, especially when considering the application of pedagogical princi-
ples to digital environments where learning and research are primary goals (as is the
case with the DRE). When considering the notion of learning and how individuals
acquire knowledge, numerous theories abound, and it is beyond the scope of this
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work to attempt to discuss them all. However, there are three theories whose pri-
macy in the subject of education and pedagogy is rarely questioned: behaviourism,
cognitivism, and constructivism. 6 While there is no "one size ts all" approach to
learning, there are de nite pros and cons to each theory of learning and a general
stance on one theory must be adopted for the purposes of this writing. What fol-
lows is a brief discussion of the three primary theories and a discussion of how the
selected theory is applied to this work.

Behaviourism

The oldest of the three categories of learning discussed here, behaviourism devel-
oped from the work of Watson in 1913. In his seminal paper on the subject, Watson
called for a new approach to how psychologists approached the understanding of

the mind:

Psychology as the behaviourist views it is a purely objective experimen-
tal branch of natural science. Its theoretical goal is the prediction and
control of behaviour. Introspection [the prevalent theory at the time, ed.
notd forms no essential part of its methods, nor is the scienti ¢ value of
its data dependent upon the readiness with which they lend themselves
to interpretation in terms of consciousness. [36, p. 158]

By calling for this shift in approach, Watson established a new theoretical framework
for studying the ways in which individuals learn by focusing onthe  behaviour®f the
learner. Under his de nition, behaviourism has four basic principles:

< Only that which is observable should be the focus of study. The idea of objec-
tivity, especially concerning what can be objectively measured, is the corner-
stone of the behaviourist approach [37]

« Only behaviour can be objectively explained (not consciousness or thought)
[37]

« Theories should be as simple as possible and should constrain themselves to
the scienti ¢ method [37]

* The goal of any theory should be to break down behaviour into individual,
"irreducible constructs” [37, p. 17]

This focus on behaviour translates into learning as an extension of behaviouracqui-
sition, rather than knowledgeacquisition [38]. To the behaviourist, only those traits
which are directly observable—and thus by extension quanti able under the sci-
enti ¢ process—can truly be studied; all other data is too subjective and thus not

16while there are numerous other theories, such as connectivism [33], experiential learning [34],
cultural-historical learning [35], etc., it is the author's belief that these other theories can reasonably be
placed under one of the three broader categories discussed at length here. Thus, for the purposes of
brevity, only behaviourism, cognitivism, and constructivism will be discussed.
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empirical [39], [40]. Therefore, within the classroom setting, learning occurs through
the construction of situations which reinforce the desired behaviours.

Behaviourism eventually fell out of favour and is now the least popular of the
three aforementioned categories of learning [41]. However, it has had a lasting im-
pact on theories of learning. For example, studies of language have moved away
from philology (the history of language) to empirical studies of language use, such
as linguistic analysis [38].

Cognitivism

More recent theories of learning have come to focus on how the structures of the
mind (such as working memory) affect the learning experience. Cognitivisim at-
tempts to understand and map the cognitive processes of the learner and determine
the role these processes play in learning [41]. While behaviourism seeks to correlate
man and animal (highlighting the similarities in adaptability of behaviours between
man and animal test subjects), cognitivism seeks to set man apart based on the func-
tion of the brain [42]. Consider, for example, Anderson, Bothell, Byrne, et al.'s Adap-
tive Control of Thought-Rational (or ACT-R). ACT-R posits that there are multiple
subsystems that comprise the mind, each with their own distinct role, and each con-
trolled by a speci c area of the brain. Of the various subsystems theorised, four are
seen as critical to cognition: the retrieval module (located in the inferior ventrolateral
prefrontal cortex), the imaginal module (located in the posterior parietal cortex), the
goal module (located in the anterior cingulate cortex), and the procedural module
(located in the caudate nucleus in the basal ganglia) [9], [43], [44]. Two additional
modules—the manual module (located in the motor cortex) and the visual module
(located in the fusiform gyrus)—concern themselves with ne motor control and the
ability to see and interpret information respectively. A model of ACT-R can be seen
in Figure 1.8.

ACT-R is discussed here, not so much for its application to the overall work dis-
cussed herein, but more to highlight the distinct differences between behaviourism
and cognitivism. ACT-R is very strongly concerned with the internal structure of the
brain and looks to these various structures to explain cognitive ability (or in the case
of abnormalities, cognitive impairment). For example, the visual module attempts
to explain visual processing and attention. As such, a cognitivist approach would
attempt to explain how this structure supports reading and how digital reading may
present certain challenges to underlying cognitive structures of the brain.

Another cognitive framework model is the one presented by Torey and Dennett.
In The Crucible of Consciousne3srey and Dennett refer to their model as the mind-
systenthat is similar in nature to the work of Anderson, Fincham, Qin, et al., but less
technical and slightly more abstract. The mind-systenmodel focuses on the need for
the physical structures of the brain (such as cross-hemispheric links in the corpus cal-
losum) to give rise to re ective processes of thought, transcending that of the animal
hind brain. The mind-systemmodel posits that, from an evolutionary perspective,
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FIGURE 1.8: A representation of Anderson, Fincham, Qin, et al.'s

ACT-R showing the main modules of the framework and their hypo-

thetical locations within the brain. Reprinted with permission from
Elsevier.

the human mind has developed beyond that of animal-like behaviour, providing us
with levels of both conscious and unconscious thought that separate man from beast
[45]. The work of cognitive scientists highlights the underlying differences between
behaviourism and cognitivism by focusing on these structural differences within the
brain that set man and beast apart.

Cognitivism plays a crucial role speci cally within the eld of computer science,
as many of the modern metaphors used to understand and explain cognitivism are
themselves drawn from the eld of Computer Science, seeking to explain the cogni-
tive structures of the brain as that of a computer system [42], [46]. 1’ The focus shifts
to that of underlying component models (such as working memory, short term and
long term memory, etc.) and that these individual systems can be isolated and stud-
ied independently: an idea that contradicts behaviourism, which holds that such
processes cannot be independently isolated and studied [46]. Whereas behaviourism
is focused on drawing connections between external stimuli (i.e. behaviours), cogni-
tivism focuses on the how knowledge is connected to existing structures within the
mind—an entirely internal process [47]-[49]. From an education and learning per-
spective, this means shifting the attention away from behaviour and towards those
techniques, such aschunking which derive the most utility from the underlying cog-
nitivie sub-structures (e.g. attention, working memory, etc.).

Finally, cognitivism proposes an objective representation of the world or of the

171t should be noted that this is a circular reference as computers have always been designed within
the constraints of the metaphor of the mind. Even more modern elds of study within computer sci-
ence, such as Machine Learning and Arti cial Intelligence, draw on our understanding of cognitive
structures within the brain. Additionally, ACT-R (mentioned earlier) is one such example of a compu-
tational model of a cognitive architecture.
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knowledge being acquired, through the construction of what is referred to asa men-
tal model[41]. At its core, cognitivism revolves around the idea of how knowl-
edge is constructed in the mind: "In cognitive learning theory, the key to learning
and behaviour involves the individual's cognition, meaning a person's perception,
thought, memory, and ways of processing and structuring information" [50, p. 130].
Supporters of this theory believe that the role of the teacher is to "create an accurate
representation of the external world in our minds" [41, p. 10]. Itis this representation
of knowledge that is directly juxtaposed by constructivism, which seeks to integrate
cognitivism with the lived experience of the learner.

Constructivism

While constructivism draws from cognitivism in that it also focuses on the underly-
ing substructures of thought and memory, it moves beyond the notion of objective
knowledge conveyed through a singular model and instead sees the learning process
as knowledge Itered through the lens of experience [51]. The constructivist seeks to
build upon additional scaffolds of knowledge and experiences of the learner, thereby
allowing the learner to constructnew knowledge. The constructivist believes that
learning comes "from experience phenomena (objects, events, activities, processes),
interpreting those experiences based on what we already know, reasoning about
them, and re ecting on the experiences and the reasoning" [52, p. 2]. Under the
constructivist paradigm, knowledge is heavily reliant upon notions of experience.
Jonassen, Peck, and Wilson lay out ve attributes which de ne their approach of
"meaningful learning”. In order for a learner to truly bene t from the experience,
the activity must be:

» Active - humans are adaptable and learn through manipulation of an object
or their environment, thus adapting their responses to environmental stimuli
[52].

Constructive - learners need to also re ect on their learning activity in order to
construct mental models. This allows them to iterate on their learning, deter-
mine what additional data they need, etc [52].

Intentional - since all human behaviour is goal directed [53], humans learn best
when they have a clearly articulated goal or intention [52]. 18

Authentic - we learn best when the information is properly contextualised.
Stripping information of its context in an effort to "simplify" typically makes
learning more dif cult, not less [52].

» Cooperative - as social beings, humans learn best in collaborative environ-
ments [52].

18This attribute is later re ected in the Goal-Directed Design approach discussed in Chapter 3.



1.2. Foundational Work 17

These attributes highlight the underlying foundation on which the arguments
put forth in this work rest. It is through the construction of knowledge based upon
both the learner's past experiences with the subject matter (including the learner's
own enculturated context with the material) and the application of information in
a same or similar context that new knowledge is born. While the author acknowl-
edges the importance of understanding the underlying subroutines (such as work-
ing memory) which facilitate the learning process, the argument here cannot ignore
the importance of cultural expectations and individual experience and their effects
on the learning process. Thus a discussion with regard to learning must take into
consideration not only the cognitive mechanisms through which knowledge is ac-
quired, but also the context in which the learner applies this knowledge and the
learner's enculturation within the sphere.

1.2.3 Pedagogical Approach to Reasoning: Examining Deductive versus
Inductive Approaches to Learning

With the groundwork laid for a constructivist approach to learning (the underlying
theme of which is carried through this work, especially within the context of Lau-
rillard's Conversational Frameworkiscussed further on), a further discussion around
modes of reasoning inherent in the various elds of enquiry becomes relevant as
it became an emergent trend throughout the course of this work (as discussed in
Chapter 5). Additionally, it is important to consider that individuals are unique with
their own preferences and approaches to reasoning. While each eld of enquiry has
different pedagogical approaches it leverages to train its scholars °—thus allowing
assumptions to be made for how most scholars in a given eld will approach the
scaffolding process—each individual develops their own strategies for learning and
applying knowledge.

However, when considering the role of the DRE in Digital Humanities as both a
research environment anda learning tool, a pattern begins to emerge among users:
those who follow an inductive reasoning approach (common to the Humanities)
and those who follow a deductive reasoning approach (common to those in the Sci-
ences)?? As these different approaches to reasoning and learning have drastically
different impacts on how the individual will leverage tools within an ecosystem—
and furthermore the typesof tools required by different reasoners—it is worth ex-
ploring the modes of instruction that privilege one type of reasoning over another
and how these two types of reasoning inform the learning process.

191t should be noted that any discussion of scholarhere is in the context of third-level education.
While some of the work discussed within could also be extrapolated and applied to primary and
secondary education contexts, this work concerns itself with tertiary education and beyond, and the
methods employed to train scholars in their respective elds.

20This emergent theme is discussed in greater depth in Chapter 5.
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The Inductive Reasoner

The inductive reasoning process focuses on moving from small details to a gener-
alised conclusion that is the most likely probable solution to the problem given the
underlying premises are true [55]. Due to its less de nitive nature with regard to
the conclusion, this type of reasoning is well suited to most humanities research: the
humanities seeks out truth hidden between the layers. There is no one, single ob-
jective truth but instead interpretations of history, literature, art, music, etc. that can
be seen as valid based on upon the evidence presented by the scholar. This is most
readily seen in category-based induction where a scholar is able to make a larger
generalisation about a group based on information observed in record [55].

In the Digital Humanities—and by extension the traditional humanities elds that
inform much of its work, such as History, Literature, Archival Studies, etc.—this
mode of inductive enquiry is at the core of its scholarly output. Jennifer Edmond
highlights this use of inductive reasoning in her recent article entitled: "How Schol-
ars Read Now: When the Signal Is the Noise" [56]. In her article, she discusses how
humanities scholars leverage distraction in their reading and in their research as a
method of gathering together the various bits of scholarly insight and building to a
conclusive whole.

Distraction is not a problem for scholarly reading in the humanities: itis,
in fact, intrinsic to how we work. An openness to distraction facilitates
knowledge creation in conversation with and between sources, bringing
together disparate times and places, authors and forms of source ma-
terial, frames of reference and layers of insight, harnessing peripheral
vision as much as central focus to create the conditions for serendipitous
discovery. This “loose hold” on focus results in a knowledgescape with a
substantial tacit dimension, with the result that humanists most certainly
know more than we can tell. [56, sec. "Abstract"].

Guillory further asserts this "distracted" or "messy" approach to reading, discussing
the role of reading for keywords or dates and looking for various "signals" that call
for a more focused reading.

The technique of scanning can be organized, alert to keywords, names,
dates, or other features of a text. This technique is a form of attention,
even heightened attention, although the scholarly reader might ignore

the continuous meaning of a text, deferring comprehension until some

textual signal brings the scanning process to a temporary halt and initi-

ates a more intensive reading. ... At some point reading must be decel-
erated for the purpose of a more analytic reading, which aims to correct

distortions produced by scanning. [57, p. 13].

These discussions around reading actually illustrate why the inductive reasoning
process is so inherent in most humanities elds of enquiry. As the historian or liter-
ary theorist seeks to build their argument, they must compile the evidence for their
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assertions by drawing upon secondary literature within the eld. The scholarship
of humanities research is inherently "messy"—it must be built up using gems of in-
sight in order to fashion a larger picture. It is akin to the construction of a mosaic:
each individual coloured tile is a piece of the larger picture. Thus the humanist must
build up, from small details to a larger narrative.

This mode of meaning-making is seen in how the humanities teaches its students
to close read?! Kersh and Skalak mention the teaching of Dickens's Oliver Twist and
the exploration of the "historical implications of industrialization, including back-
ground on the Poor Laws, mortality rates, and the general squalor of nineteenth-
century London" [58, par. 5]. History, especially, applies a constructivist approach
to its scholarship with a strong thread of inductive reasoning throughout. "[I]t is
important to remember that the past is only ever approximatelyapprehended: one
cannot simply 'go back,' but must rely on constructed memories, artifacts, written
accounts, recordings, etc." [59, par. 1]. Furthermore, the use of paratexts (or texts
which act as a frame for single work) is a common device in the humanities [59],
and their use highlights this constructed, inductive reasoning approach to humani-
ties scholarship. Again, itis the individual pieces which are pieced together to make
the whole.??

Many of the tools being constructed in Digital Humanities are geared towards
this process. Consider the rise of annotation software which allows for a type of
"recursive reading” of the text [58]. Annotation allows for the reader to mark certain
aspects of text and return to them for further in-depth review. This type of approach
to teaching scholarship reinforces the transfer of knowledge and allows students to
begin to apply knowledge from one contextualised space to another [58], [60]. An-
notation can also support collaborative approaches to learning and scholarship, one
of the key requirements of humanists with regard to the technologies they require
to conduct their work [61]. Here again, this notion of annotation, which allows the
reader to create small subsets of thoughts across a larger corpus and then compile
such annotations into a larger body of work, is a prima facie case of inductive rea-
soning.

While it is worth noting that there are differences in every individual and not
all individuals within the humanities are inductive reasoners (nor will even induc-
tive reasoners rely solelyon inductive reasoning approaches), the literature demon-
strates that the inductive reasoning process is a core component of the pedagogy
and methodology which underpins the scholarship of the humanities. The methods
of interrogation and the process of meaning-making rely to a great extent on the in-
ductive reasoning process. Thus, it is worth understanding how this process differs
from the deductive reasoning process inherent in most science-based elds, as will
be discussed next.

2IClose reading is discussed in further detail in Chapter 2.
22Thjs point will be contrasted with the deductive reasoning approach later on.
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The Deductive Reasoner

Unlike inductive reasoning—which seeks the most probable solution by starting
with the details and generalising out to a conclusion—deductive reasoning seeks to
reach a conclusion through a gradual breakdown of knowledge to a singular truth.
This is an approach that is generally common in STEM elds of enquiry where the
researcher attempts to explain a phenomenon by tracing factual knowledge through
various observations that can then be conclusively reproduced, given the same set
of parameters. Itis seen as the objective approach, as it leads to a singular interpreta-
tion of data based upon the facts known [62]. This so-called objective truthrequires a
different line of reasoning than the subjective form of humanities enquiry, as induc-
tive reasoning suggests the mostprobableanswer as opposed to the only answer. Ad-
ditionally, the scaffolding process is inverted for the deductive reasoner, who starts
with the general and breaks down to a single result.

The nature of most science-related scholarly work is observation-based. While
the eld also builds upon existing literature (as all scholarly work must), much of
the work being conducted within STEM elds is based upon observed phenomena.
Khan uses this observation-based approach to study the effects of computer simu-
lations in science pedagogy [63]. Using the theory to inform a general hypothesis,
Khan constructs a case study to test ideas and then break down the data into a for-
malised conclusion. This methodology is deductive by de nition. Ali also demon-
strates this deductive approach to pedagogy in their construction of computer sci-
ence modules, relying upon constructivist theories of scaffolding:

In my introductory C++ course, | successfully applied the approach of
scaffolding...l assigned the following problem to my students for class-
room discussion.

Write a C++ program which will read a series of integers through the
keyboard and identify (1) the largest integer, (2) the smallest integer, (3)
only even integers, (4) only odd integers, and compute (5) the sum of
all even integers, (6) the sum of all odd integers, and (7) the sum of all
the integers. Print all the input integers, the largest integer, the smallest
integer and the three sums on the screen. Create several user-de ned
functions (subprograms) to write this program. [64, pp. 246—257]

In this above exercise, Ali instructs the students to break down the problem and
moves through the reasoning process that details how to effectively construct func-
tions.

This approach is a common one in computer science even outside of education
settings, as demonstrated in much of literature around software design [65]-[67]. A
major component of the software engineer's job is to take requirements and distil
them into multiple components. This, too, is re ective of the deductive reasoning
approach where the larger item is broken down into a singular (or in this case mul-
tiple smaller) component(s). Even the construction of the component itself is then
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further broken down into properties, methods, and events. There is a constant rein-
forcement of this deductive approach of moving from the larger, more generalised
body of information to the smaller, more concise conclusion.

Additionally, this is not just inherent in computer science education or in the
construction of software (although it is perhaps the most germane example given the
subject of this work). The scienti ¢ method, utilised throughout the "hard sciences",
is also a deductive approach to reasoning [68]. It begins with a hypothesis and then
through observation, testing, and analysis, a conclusion is presented that is the only
conclusion based upon the data collected and observed.

Itis perhaps this difference that most sets apart the humanities from the sciences.
While the sciences bene t from the ability to (generally) observe their data and fol-
low a clear line from hypothesis to conclusion that leads to a singular answer, the
humanities must construct their arguments based solely upon secondary literature.
One cannot observdnistory, nor can the construction of an 18th century novel be ob-
servedy the modern-day scholar. The scholar must instead rely upon extant sources
and paratexts in order to draw conclusions that are the most probablgiven the evi-
dence at hand.

Reasoning and Digital Humanities

However, because Digital Humanities is an attempt to incorporate technology into
the study of the humanities, it is perhaps uniquely poised to leverage boththe induc-
tive and deductive processes. As many of the scholars who construct DRES are histo-
rians or literary theorists, the research they conduct on the subject matter at the core
of the DRE in question will likely follow an inductive reasoning approach. How-
ever, when proper system design is applied—as evidenced by the work discussed in
Chapter 5 and in the conclusion in Chapter 6—the digital humanist is also employ-
ing a deductive reasoning approach. As the eld broadens and begins to draw in
scholars from non-humanities elds (such as computer scientists), it becomes more
evident that the software design must also support diverse modes of reasoning and
thinking. A better understanding of these needs can be gleaned from various design
methodologies (discussed in more detail in Chapter 3); however the foundation for
these methodologies and understanding how to leverage them to accommodate for
different modes of reasoning can be found in Leont'ev's Activity Theory.

1.2.4 Activity Theory

Armed with this understanding of working memory, constructivist ideas regarding
learning, and an understanding of the role reasoning plays in the learning process,
the groundwork can now be laid for higher level theoretical concepts in which this
work can be situated: the rst of which is activity theory.

In 1934, Wgotsky rst noted an inherent problem with approaches to learning—
the lack of cohesion between the studies of intellect and affect [71]:
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[Intellect and affect]'s separation as subjects of study is a major weakness
of traditional psychology, since it makes the thought process appear as
an autonomous ow of "thoughts thinking themselves," segregated from
the fullness of life, from the personal need and interests, the inclinations
and impulses of the thinker. [70, p. 10]

Wgotsky sought to create a more holistic approach to education and psychol-
ogy.?® He proposed what became known as a "cultural-historical" theory of psy-
chology wherein he posited that children develop better cognitive faculties when
they are exposed to practical activities in a social or communal setting [70]—thus
establishing a constructivist approach during the era of behaviourism. As a result,
his theories were largely ignored by his contemporaries, and it was Alexei Leont'ev
who incorporated VWgotsky's work into his own theory: known as activity theory.

Activity theory seeks to understand the relationship between the subject and the
object via the activities that act as intermediaries [69], [71]. Rather than attempting
to analyse and understand the subject and the object and then logically infer the ac-
tivities, Leont'ev argued that the activity exists in primacy to the subject and object,
and in fact, the various properties of the subject and object do not exist beyond the
activity: it is the activity itself which brings these properties into view [72]. How-
ever, not just any entity can be considered a subject; a subject must haveagency—the
capability to act on an object and produce an effect. This translates into the Digital
Research Environment (DRE) as the user (the subject) acting upon the object (the
artefact) and, ideally, producing a boundary object, ?* thus highlighting the user's
agency.

But agency goes beyond just the effect produced by the subject. To properly
situate his work within Vgotsky's cultural-historical theory, Leont'ev argued that a
subject is in uenced by her position or place with the social hierarchy:

It is self-evident that the activity of every individual man depends on his
place in society, on the conditions that are his lot, and on how this lot is
worked out in unigue, individual circumstances. [69, p. 85]

Engestrom later built on Leont'ev's notion of societal position in his development
of what would come to be known as Scandinavian Activity Theory. In his semi-
nal work, Learning by ExpandingEngestrom discusses the role culture plays in the
formation of activities, and the way in which these activities connect subjects and
objects in meaningful ways. One of the exemplary mechanisms he leverages is that
of gestures (building on the work of Leont'ev's own example):

231t is interesting to consider Wgotsky's comment within the context of modern-day thinking re-
garding education and technology, which also seeks to create a more holistic symbiosis between the
two elds by integrating not only the psychology of learning but also the effect of user experience and
Complex Network Theory.

24Djviacco and Busato de nes boundary objects as "[Artefacts] that aim to bridge concurrent cogni-
tive models through abstraction from all domains of partners” [73, p. 396]. These objects are used to
represent constructed knowledge created by the user as a result of her interaction with the DRE and
will be used within the scope of this work to discuss any object created by the user within the context
of the DRE.
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[Clonscious gestures originated as people experienced that even when
a work movement did not lead to its practical result for some reason

or other, it was still capable of affecting others involved in production. It
could, for example, draw them into the ful Iment of a given action...[gestures]
are seen as derivative instruments of productive activity that necessarily
[have] an interactive, communicative form. [74, pp. 42—-43]

Engestrém goes on to highlight the role that culture plays in both the use of gestures
and the information they can communicate. 2> Without this cultural contextualisa-
tion, the gesture becomes meaningless and is unable to effectively communicate its
message to the receiver?® This notion of contextualisation is applied to the DRE via
the creation of the boundary object (and the user's understanding of the theory in
which her constructed knowledge exists) as well as in the creation and use of the
visualisation itself—for example, how does the user interpret the patterns she sees,
what do the colours mean to her, etc. Much of this subjective experience is bound
up in interpretation that is at least partially in uenced by the user's enculturation.

Beetham extends this notion of culturally contextualised activity by reinforcing
the role of activities within activity theory, in this case contextualising the activities
within the culture of the system as a whole. Thus the same activity can take on a
different meaning within disparate systems:

We [discuss here] tools and resources in terms of how they mediatdearn-
ing. This emphasizes that artefacts can have different meanings in dif-
ferent activity systems, and that the purposes for which artefacts are de-
signed and the ends for which they are actually used need not be the
same...artefacts are understood as transitional objects between activity
systems. As outcomes of their own design process they reify certain
purposes, roles, rules and divisions of labour; and as components of the
learning activity process they mediate new, emergent outcomes and re-
lationships. [Within Activity Theory], artefacts are never conceived as
actors themselves but as mediators of human actors' intentions, through
complex and interrelated activity systems. [75, p. 39]

These principles are easily applied to the design and creation of the DRE. When
designing the types of tools the DRE makes available to the user, the "culture" of the
target user base must be considered: after all, the cultural mindset of the historian
is different from that of the textual scholar, just as the mindset of the undergraduate
researcher is different from that of the post-doctoral scholar. As Beetham mentions,
different communities will have different needs and expectations of the artefacts
they interrogate. So one must consider these enculturated differences of the target

250ne can of course see the links between Engestrém and Leont'ev's work regarding the role of
cultural experience and learning with that of the importance of cultural contextualisation within the
reading process. Refer to Chapter 2 for further discussion.

26Much the same can be said for the affordances and metaphors leveraged within Interaction and
User Experience Design as will be discussed in more detail in Chapter 3.
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audience(s). This same concept also extends to data visualisations often produced
within the DRE, which themselves must be not only contextualised within the source
work (i.e. the corpus, manuscript, etc.) but also within the work of the system and
the enculturated context of the creator. As the scholar behind the creation of the data
visualisation has a certain enculturation (be it academic training, nationality, or even
the idea of a contextualised research agenda), data visualisations cannot be viewed
independently of their source environments. 2/

Much of the theory behind Leont'ev, VWgotsky, and Engestrom's work lies with
the concept of motivation: users (in the case of Human-Computer Interaction, here-
after referred to as HCI) only take part in actions that either meet an immediate need
or that serve to ful | a series of actions that, in their aggregate, meet a prede ned
need. Thus the notion of motivation becomes a critical linchpin in the development
of any system interface and, by extension, that of the DRE.

Motivation & Maslow's Hierarchy of Needs

In digital environments, motivation is a key factor in determining exactly why a
reader may utilise a particular resource. The Oxford Dictionary of Psychologgle nes
motivation as:

[a] driving force or forces responsible for the initiation, persistence, di-
rection, and vigour of goal-directed behaviour. It includes the biological
drives such as hunger, thirst, sex, and self-preservation, and also social
forms of motivation such as need for achievement and need for af lia-
tion. [76]

Schacter, Gilbert, Wegner, et al. simplify this de nition by simply referring to moti-
vation as "the purpose for or cause of an action” [7, p. 408].

Motivation, however, is far more complex. In 1943, A. H. Maslow sought to con-
textualise motivation within a framework, which he dubbed a “hierarchy of needs”
[77]. Maslow's hierarchy identi ed ve key factors, each building upon the former,
that drive human motivation. In his model, if the more base needs are not met, they
will override any higher-order needs (see Figure 1.9).

2This argument must be carried with the reader throughout the nature of this work as it serves as
an underlying point to the nature of the work as a whole.
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FIGURE 1.9: Recreation of Maslow's Hierarchy of Needs. Larger ver-
sion can be found in Appendix E as Figure E.1

The rst and most basic of these needs are known as physiological needs. These
are items that no human can survive without, such as food, water, and shelter. As
these needs are necessary to create a type of homoeostasis, no other needs can be
addressed until the physiological needs are satis ed [78]. The second need which
will drive motivation once the rst need is met is safety and security. These needs
can range from a basic feeling of safety to more abstract concepts such as rule of
law, order, or limits [79]. Once these two base needs are met, individuals are then
motivated to seek out relationships and community (known as "Love & Belonging-
ness" needs) [80]. Motivation then builds upon these structures to feel a sense of
achievement or establish a reputation (self-esteem) [81] which then directly leads on
to self-actualisation, whereby the individual is motivated to achieve her full poten-
tial. As Zalenski and Raspa note:

Living at this level [of self-actualisation] can lead to peak experiences

and even transcendence—the experience of deep connection with others,
nature, or God, and the perception of beauty, truth, goodness, and the

sacred in the world. Such experiences become highly motivating and

lead to feelings of being enlivened and enlightened. [82, p. 1121]

Rutledge's Theory of Social Needs & Connection

But some argue that Maslow's theory falls short because it fails to consider the
underlying need for connection that is inherent at all levels of his hierarchy [83],
[84]. Rutledge notes that especially for the three most basic levels of the hierarchy—
physiological, safety, and emotional needs—all require social connection in order to
be adequately met [84]. In fact, Rutledge goes so far as to state that needs themselves
are not hierarchical in nature as Maslow contends: "Needs are not hierarchical. Life
is messier than that. Needs are, like most other things in nature, an interactive, dy-
namic system, but they are anchored in our ability to make social connections." [84].
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Rutledge's model removes the notion of hierarchy and instead proposes a model
that more clearly demonstrates the type of interconnectedness and reliance upon
the "belongingness" needs for which she argues, as can be seen in Figure 1.10.

FIGURE 1.10: Recreation of Rutledge's model of Needs & Connection

When considered within the context of HCI, the idea of belongingnessan be ex-
trapolated into the idea of connection What makes the application of Rutledge's
work to HCI interesting is that this notion of connection can be understood within
a broader context. Connection is no longer constrained to just the community of
people; it is expanded to include the emotional connection to the software (via Nor-
man's idea of emotional design) 2 or in the case of the DRE, the connection to the
digital object. If considered within the scope of both Maslow's and Rutledge's work,

a model of needs can be derived for the purposes of a discussion around HCI and
motivation within the context of the DRE.

The rst two aspects of Maslow's model (which are also included in Rutledge's
work) are perhaps the least relevant as they pertain to this discussion. The phys-
iological needs from Maslow can be interpreted as infrastructure needs within the
concept of the software. These include things such as reliable hardware for hosting
the software, reliable hardware for the client to access the software, a stable internet
connection, etc. The notion of safety, then, can be re-imagined as data protection and
privacy: secure connections (via mechanisms such as SSL), encryption of personally
identi able information (such as logins and search histories), and software free from
malicious scripting. While both of these "needs" are less relevant to the discussion
of HCI, it is interesting to note that both rely upon a notion of connection, albeit in
this case connection is less about an emotional response from the user and more of
a physical connection between endpoints.

The need for Love & Belongingnesss articulated in much broader terms and, in
fact, interweaves with Maslow's top two elements: self-esteem and self-actualisation.

28seeEmotional Design: Extending a System From Usable to Necestscyssed later in Chapter 3.
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Regarding the DRE—whose primary goal is to facilitate knowledge acquisition—
self-esteem (rede ned here as self-ef cacy)?? is highly important regarding knowl-
edge acquisition, as the individual's perception regarding her ability to accomplish

a task(s) has a major impact on her ability to learn underlying concepts [87]. It is not
dif cult to see how this extends into the realm of the DRE and the user's ability to
both (a) navigate the system via search and browse techniques and (b) interrogate
the artefact. If the user nds the system overly complex or feels she lacks the skillset
necessary to interface with the system or digital object, she will likely abandon the
system and thus fail in her quest of knowledge acquisition (at least with regard to
the resource in question).

Self-actualisation then extends the notion of simple usability to that of true im-
mersion with the object—or within the boundaries of Rutledge's model, connection
with the object. While self-esteem concerns itself with the ability to connect to the
object through utility (navigation, search, browse, inspection, etc.)—thus self-esteem
is increased through the successful accomplishment of tasks—self-actualisation con-
cerns itself with the engagement of the user with the object itself—that moment of
true connection where the knowledge being sought is acquired. It is the "ah-ha"
moment of true understanding.

Beyond Maslow's (and by extension Rutledge's) model, other scholars have sought
to describe motivation. Perhaps most relevant to this discussion is that of Jang, Con-
radi, McKenna, et al., who describe motivation not as a single concept but as a col-
lection of factors: attitude, interest, value, self-ef cacy, self-concept, and goal [88].
Within the framework of an activity or task, attitude is used to understand the in-
dividual's feelings that affect engagement with a task (i.e. whether it is something
to avoid or something enjoyable) [88]. Interest becomes an extension of attitude and
is seen as a "positive orientation” toward that task [89]. Value, then, becomes an
expression of the user's view of the intrinsic worth of the time investment in a par-
ticular activity (e.g. the time it takes to complete a task is seen as having a direct
impact on the accomplishment of a goal, and thus worth the user's time and effort)
[90].

Self-ef cacy builds upon value by determining how successful the user is at ac-
complishing the task set before her. It is an extension of how the user views her
innate ability to accomplish a given task. If she feels the task is too dif cult, her
self-ef cacy will be lowered, with the inverse being true if the task is accomplished
successfully. Self-ef cacy plays a vital role not only in motivation but also in com-
prehension [91], a concept further explored later on.

Self-concept differs slightly from self-ef cacy in that it focuses on a more holistic
view of the self as it relates to the task at hand. In the case of reading (which is the
focus of Jang, Conradi, McKenna, et al.'s work), it relates to whether the individual

29Bandura de nes self-ef cacy as an individual's belief in her ability to achieve a goal and notes that
"itis nota xed act or simply a matter of knowing what to do. Rather, it involves a generative capability
in which component cognitive, social, and behavioral skills must be organized into integrated courses
of action to serve innumerable purposes.” [86, p. 122].
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sees herself as a “reader” and is secure in her role as such. Unlike self-ef cacy, which
focuses on individual perceptions of the ability to accomplish a task, self-concept
refers to a personal identi cation with the task itself—"Can | read?” versus “Am |

a reader?” [88], [92]. This same concept can be applied to the research process that
takes place within the DRE, especially around various aspects of the research tools
provided. For those leveraging data visualisations, the question becomes "Am | a
data analyst?" For those leveraging annotation tools, it is "Am | a historian or schol-
arly editor?" These are common questions that users of a DRE may ask themselves.

Finally, under Jang, Conradi, McKenna, et al.'s model, the goal is ultimately de-
ned as the reason(s) the individual embarks on a particular task [93]. Goals can
be shaped by multiple factors, and these factors can have considerable impact on
some of the above-mentioned aspects of motivation. For example, Dweck, Man-
gels, and Good discuss two different types of goals: performance-based (or goals
which involve validating one's ability against a prede ned performance metric) and
learning-based (or goals which seek to increase the overall learning experience) [94].
While performance-based goals tend to have a stronger short-term motivational im-
pact (as these types of goals drive the individual's need for self-actualisation), they
can also have negative side effects, such as placing unnecessary strain on attention as
cognitive resources are allocated to constantly compare performance with other par-
ticipants or creating negative feelings of self-worth which can lower self-ef cacy or
even self-concept [95]. However, the importance of establishing a goal,*° especially
with regard to motivation, cannot be ignored. Such an "objective-based" approach,
as described by Beebe and Clark, necessitates the creation of an end-point before
the steps can be undertaken to reach such an end-point. After all, the user must
understand where she is going before she determines the steps she will take to get
there.

All three of these theories of motivation (Maslow's, Rutledge's, and Jang et al's)
contain different components to consider in the construction of the DRE—as do
working memory, constructivism, and activity theory. As the ultimate goal of the
DRE is the generalised concept of learning, it is thus logical to consider each of these
components within a larger pedagogical framework within which the Digital Re-
search Environment (DRE) can be constructed3! Enter Diana Laurillard's Conversa-
tional Framework

1.2.5 Situating the Work Within a Framework

Each of the aforementioned items (working memory, learning theory, activity the-
ory, and motivation), plays a vital role in the overall theory which underpins this

30For more on motivation and its relationship to system design via a Goal Directed Design approach,
see Chapter 3

31For an application of the aforementioned theories as they apply to the construction of the DRE, see
Chapter 3.
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work. As the author advocates for a constructivist view of learning, both the struc-
ture of the mind (speci cally the role of working memory in reading as discussed

in depth in Chapter 2) and the user's past experiences and cultural expectations (as
seen in discussions of activity theory and motivation, which play a large role in the
arguments laid forth in Chapter 3) play a signi cant role in both understanding the
inherent challenges of using a DRE and in crafting a solution that not only meets
these challenges but extends the function of the DRE beyond that of knowledge ac-
quisition (through close reading) and into the realm of engagement. 32

But simply weaving together these foundational concepts is insuf cient for the
purposes of discussing learning and comprehension, especially when considering
the future of the DRE and scholarship as a whole. As technology continues to evolve
and becomes more ubiquitous in day to day life, the expectations of the populace
change regarding format and delivery of content. These changes, especially in those
considered "digital natives”, * fundamentally alter not only how content is expected
to be delivered, but also how knowledge is acquired, contextualised, and under-
stood [98], [99]. Thus to truly extend the DRE into a tool that can be used for learn-
ing, the tool itself must also be situated within a theoretical learning framework,
one that incorporates constructivist ideas and understands the needs of the digital
learner.

Diana Laurillard sought to incorporate a constructivist approach with her "Con-
versational Framework", which postulates that students learn best in an environ-
ment where their constructed knowledge is balanced against the teacher's repre-
sented environment [54]. Laurillard took on Wgotsky's notion that information
must be situated within a relatable context. This type of "situated learning”, as put
forth by Laurillard, focuses on an authentic learning experience, which not only con-
veys to students howto apply the knowledge they are gaining, but also whensuch
knowledge is applicable [54]. To contextualise this argument, Laurillard uses the
example of using a Swiss army knife to remove stones from the hooves of a limping
horse. It is not enough for the student to know how to remove the stones from a
horse's hoof without causing damage; the student must also be able to recognise the
limping horse in order to apply this knowledge [54].

Laurillard recognises in her work, that because each student has different expe-
riences (and thus lIters knowledge through the lens of their experiences), a more
customised approach must be taken when constructing knowledge environments—
the goal should be to provide the student with an opportunity for "sense-making"
[54]. This "sense-making" serves not only to assist with the contextualisation that is
so important in activity theory, but also in achieving that state of self-actualisation

32The idea of engagement, its de nition, and its role in the DRE are at the core of the discussion set
forth in Chapter 3.

33as discussed in Chapter 2, digital natives are those individuals who were raised within the current
technological ecosystem and thus never had to acquire "computer skills" in adulthood [97]. Typically,
this term refers to the Millennial generation, Generation Z, and the latter portion of Generation X
(depending upon how one categories each of these generations).
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that is inherent in all three models of motivation. Thus Laurillard's work serves as
the optimal framework under which to contextualise the design and development
of the DRE.

Within a digital context, Laurillard's framework also rises to primacy as it fa-
cilitates many of the soft skills such as innovative methods of communication that
result from the use of social media [54], [98]-[100], that many digital natives pos-
sess. While other frameworks may provide a valid conceptual model under which
this research could be positioned, Laurillard's Conversational Frameworkas speci -
cally selected not only for its blending of many of the ideas and concepts addressed
in the foundational theory of this work, but also due to its successful application
within the Education Technology sector [101]-[103]. Thus a learning model, speci -
cally proven within the realm of digital learning, serves as a solid foundation upon
which to rest this work.

1.3 Format & Content of this Thesis

With the groundwork established, this thesis seeks to answer the question set forth
earlier: "What effect do data visualisations, speci cally within the remit of Digi-
tal Humanities, have on engagement with the source material—and by extension
learning—in digital research environments?" The following chapter will discuss the
most basic process that occurs within the DRE: reading. This discussion will focus
on not only the importance of reading within the context of the DRE but also the
inherent challenges that exist due to the nature of the medium (that is, the digital
nature of the environment). Alternative modes of reading will be discussed, and a
case will be made for how data visualisations can assist with the research process
which incorporates reading.

Following on from this discussion of reading will be a discussion centred on
the importance of immersion and engagement within a digital environment. This
chapter will begin with a brief discussion of the selected design methodologies ( Goal
Directed Desigrand Emotional Desigi, touching on how the incorporation of these
two methodologies addresses the concept of motivation discussed previously. This
discussion then segues into a discussion around the role interactivity plays with
regard to immersion and engagement, addressing not only why engagement matters
but also how interactivity plays a role in the learning process via the mechanism of
engagement.

The remainder of the thesis, then, concerns itself with the practical application of
the aforementioned items, with an eye to answering the underlying research ques-
tion. A case study will be presented, and a discussion will take place around the
methodology behind the design of the software as well as the case study itself. This
will follow on with an analysis of the results and a consideration of the impact of the
ndings of the case study and its application to future work within the eld. Finally,
the thesis will close with thoughts regarding the limitations of the work and a look
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towards prospective applications of both the theory and practice of the thesis as a
whole.
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Chapter 2

Visualisations: Supporting Close
Reading in a Digital Context

Humans are, by their very nature, adaptable creatures. Whether it be biological
adaptation through evolutionary processes or cognitive adaptation to new technolo-
gies, human nature seeks to constantly grow and acclimate to change [104]-[107].
The process of reading is certainly no exception. As technology has evolved and
developed new ways of presenting and distributing content, humans have adapted
to these technological innovations by developing new methods of engagement with
text. This ability to adapt is certainly nothing new, as humans have constantly been
adapting to changing environs for millennia. ' Within the last few decades, scholars
have attempted to understand how individuals adapt their behaviours in digital en-
vironments. One of the theories they have developed to explain these behavioural
adjustments is the theory of visual perceptual adaptation—that is, the ability of the
brain to adjust to distortions or abnormalities within the visual eld [108], [109].
While much debate continues in regard to this theory as to whether the observed
adaptations are due to “cognitive correction” or “true adaptation”, 2 it is apparent in
the research that humans will modify behaviour in order to adjust to new in uences
and environments. The book itself (and by extension, the process of reading) is a
prime example of this adaptability.

While reading itself is not a natural process, * how readers have interacted with
text throughout the ages has evolved alongside the medium. The earliest books*
were created on scrolls, and readers learned to read these by allowing the eye to

1As a recent example, consider the adaptation to cars and driving what is, essentially, a large, ex-
plosive devise (after all, the internal combustion engine—which is at the core of every automobile—is
powered by small explosions whose energy is then harnessed to produce power for the rest of the
machine). Piloting such a machine would have seemed like the fever dream of a madman only a few
centuries prior but is now a common rite of passage for adolescents in modern western societies.

2The debate between cognitive correction and true adaptation is too extensive to be discussed here.
For further information, see [110]. For more on perceptual adaptation, see [111], [112].

SUnlike speaking (and understanding spoken language)—which, thanks to evolution, has dedi-
cated neural structures necessary to support the activity—reading is not natural and will not develop
naturally without some type of systemic training [1].

4The use of the word "books" here refers to compiled sources of western knowledge, that followed
on from the use of clay tablets. The history of the written word and its conveyance through various
systems of writing is beyond the scope of this work, and so the notion of "books" here begins with the
use of the paper or vellum scroll form.
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follow the text down the length of the document. ° The technology as such enforced
a continuous reading approach by forcing the reader to engage with the content in
a continuous fashion, from beginning to end [2]. With the development and adop-
tion of the codex form, readers learned to read across the page, allowing the eye
to ow from the top-left corner to the bottom-right corner (in the case of western
manuscripts). With the development of the printing press, various affordances—
such as the footnote, table of contents, etc.—eventually gained prominence and be-
came commonplace over the years [3]. In addition, the codex form contrasted the
scroll by allowing readers to approach the text in a discontinuous manner, support-
ing the capability to read page 42, and then page 8, followed by page 180 if the
reader so desired [2], a process which would be nigh impossible with the scroll due
to a lack of some of the affordances of the codex, such as page numbers. Much of
the codex form's lifespan has been an encouragement of this kind of discontinuous
reading, developing, at least partially, out of a need to break from the continuous
method of reading enforced by the scroll. This disconnected approach allowed read-
ers to embrace the text very differently than they could when reading from a scroll.
Consider, for example, the Bible (which dominated the codex form for much of its
history), wherein readers were encouraged to engage in a disconnected fashion with
the source material (thus the development of “books”, “chapters” and “verses” as
reference points), an approach which would have been extremely dif cult, if not
nearly impossible, using the scroll. It has only been in the last few centuries that
the novel, which encourages a more continuous form of reading, has come to be the
dominant implementation of the form. Thus, “[tlhe novel has only been a brilliantly
perverse interlude in the long history of discontinuous reading” [2, p. 47].

With the advent of the digital age, text could now be moved from the physi-
cal page to the digital screen. No longer bound by the limitations of the physical
medium, technology began to introduce new modes of presentation, while con-
versely reverting back to older forms of textual presentation (that of the scroll).
New technologies, however, have allowed the scroll form to be utilised in different
ways—one of the most in uential of these technologies being hypertext [113]. And
with these new technologies, readers were once again presented with new modes
of interactivity, and thus began to adapt their reading techniques to the new oppor-
tunities presented by the technology. However, these new methods have not really
changed the way we read, but rather simply provided us a different mode of trans-
portation

This chapter seeks to explore the evolution of reading speci cally within a digi-
tal context. The scope of the argument will be constrained to those reading environ-
ments generally produced within Digital Humanities: the digital scholarly edition,
thematic research collections, digital archives, and similar digital collections of text

5Unless otherwise stated, all text (and implementations of text) discussed here are concerning Latin
script, created for a western audience.
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meant to be distributed for a scholarly purpose (which will be referred to as a Dig-
ital Research Environment or DRE). Due to this scope, considerations of device are
somewhat irrelevant as few of these types of projects produce different versions for
multiple devices. Furthermore, when viewed on multiple different devices (whether
they be laptops, mobile devices, or tablets), the experience is largely the same from
a cognitive perspective, as the challenges are inherent to the digital screen as op-
posed to the paper medium [114], [115].6 Further, most of these types of projects
also employ the traditional web interface of scrolling text and eschew the “page-
turn” metaphor that is inherent in the traditional e-pub format popularised by de-
vices such as Amazon's Kindle, Apple's iPad, and Barnes & Noble's Nook, thus
encouraging a type of continuous reading. However, because of the implementation
of hypertext (which permits the reader to jump to various sections of the text), these
projects encourage a discontinuous reading approach as well, thereby blending the
traditional codex and scroll forms of the book.

These new modes of engagement (i.e. discontinuous reading via hypertext, also
known as hyperreading) will be juxtaposed against a more traditional close reading
approach. Due to the nature of the digital environment, both modes present new
cognitive challenges to the reader—challenges not generally present in analogue
environments—and these challenges will also be discussed. Following on, Moretti's
concept of distant readingwill be explored, where the argument will be made that,
despite its radically different method of engagement with text, distant reading is ac-
tually closely aligned to more traditional close reading techniques, given its reliance
upon cultural contextualisation. * The chapter will close with an exploration of the
challenges from a cognitive and visual perception standpoint and a brief analysis of
a few of the projects that utilise data visualisations to facilitate both a close reading
and distant reading approach.

2.1 Close Reading

2.1.1 Examining the Cultural Contextualisation of Close Reading

Reading® can best be described as “the process of constructing meaning from written
texts. It is a complex skill requiring the coordination of a number of interrelated

6Notions of designing for different devices is outside the scope of this current chapter, which is
speci cally concerned with the cognitive effects of reading in digital environments, and how various
theories within the realm of cognitive psychology should affect our approach to the use and imple-
mentation of data visualisations.

"Neuroscientist Stanislas Dehaene argues that the brain does not evolve to accommodate new cul-
tural phenomenon, but rather the inverse, that culture has adapted itself to work within the con nes
of cognitive structures: “...the human brain is a much more constrained organ than we think...it places
strong limits on the range of possible cultural forms. Essentially, the brain did not evolve for culture,
but culture evolved to be learnable by the brain” [116, par. 7]. Under Dehaene's paradigm, this chapter
contends that distant reading is not so much a new modality of reading but rather a recycling of close
reading approaches using a different mechanism.

8portions of this section are reused in an upcoming journal article entitled "Engagement through
Visualisation: A Case Study on the Alcala Record Books" in the IEEE Transactions on Learning Technol-

ogy.
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sources of information” [117, p. 389]. Reading is a process that is grounded in both
cultural and historical practice [118], [119] and is further de ned by the way in which
individuals interact with text in “natural, meaningful, and functional” ways ([120,
p. 269], [121, pp. 3-4])°

Most modern-day readers approach content from a holistic standpoint, process-
ing each word as a whole within the context of the sentence and then within sub-
sequent larger groups (such as paragraphs, sections, and chapters). Within an aca-
demic context, this is typically referred to as close readingde ned as “[the] instruc-
tional practice that makes complex texts accessible using repeated reading, cognitive
scaffolding, '° and discussion” [124, p. 35]. Frederico refers to close reading as the
kind of reading that engages the reader in such a way as to open new or deeper un-
derstandings of a work, thereby enhancing the overall experiencef the reader [125].
Birkerts—who uses the term deep readingn place of close reading—extends Fred-
erico's metaphor of experience to that of immersion, describing how immersion is a
necessary component of the overall adventure [126].1*

Nicholson adds additional context to the de nition of close reading by tying it
to more than just literary text, but also to that of cultural objects: “Close reading can
reveal the tensions and contradictions in a text, and it can illuminate moments of ex-
perience by placing them in the context of other cultural, artistic or social practices”
[127, p. 184]. Here, Nicholson is advocating for the application of close reading tech-
niques in more performance-based humanities arenas with the intent of using these
techniques to critically analyse the underlying “ideas, debates, politics and practices
that are inherent within [them]” [127, p. 184]. Itis not the goal to uncover some kind
of universal truth,*? but rather to apply a careful analysis, situated within the culture
of the object itself, to a medium that is traditionally experienced rather than read.

While Nicholson was largely concerned with applying critical analysis to the-
atre, his argument can be applied back to traditional takes on close reading. By
encouraging a reading that is situated within the culture of the object itself, close
reading allows the reader to draw inference, theme, metaphor, etc. by situating the
reader's understanding of the text within the cultural context of the work itself. Con-
sider Austen's Pride & Prejudice[128], set in Georgian England. Much of the novel

9Understanding that reading is also culturally informed is important to consider, as the literature
in this chapter demonstrates. Much of the work being done with data visualisations (and distant
reading as a whole) is speci cally situated within western cultural standards of semiotics and visual
interpretation.

10Cognitive scaffolding is used in reference to how the brain builds temporary  structures(or scaf-
folding) in order to support working memory and recall. Baddeley explores the concepts of working
memory in much of his work (see [122], [123]).

1iBirkerts's slightly more colourful de nition of  deep readings de ned as “the slow and meditative
possession of a book. We don't just read the words, we dream our lives in their vicinity. The printed
page becomes a kind of wrought-iron fence we crawl through, returning, once we have wandered, to
the very place we have started ... we hear the words in the theater of our auditory inwardness” [126,
p. 201].

12Close reading has traditionally been associated with the work of F.R. Leavis, who sought to analyse
literature with the goal of producing “universal values” or truths [127, p. 183]. This particular view
was eventually seen as problematic as critics in recent decades have argued these “universal truths”
are in fact re ective of white, western, male privilege and are, therefore, not truly  universal[127].
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is geared towards cultural commentary around the roles of marriage and class in
Georgian society, and to truly understand the themes and narrative Austen is com-
municating, the novel must be read within that cultural context. Attempting to read
it outside of the cultural context and situating it within an entirely different set of
cultural expectations and social mores removes aspects of the overall tone and mes-
sage of the narrative. That is not to say that only Austen's peers could successfully
understand her work; certainly not. However, understanding the expectations of
women in Georgian England and the importance class played in such endeavours
provides the reader with a greater understanding of the work as a whole. A recur-
ring theme in Austen's work is that of the preoccupation with marriage as a means of
nancial stability (while such a thing still occurs in modern day settings, the neces-
sity of such an arrangement is much more clearly understood when situated within
a Georgian context). This is perhaps best illustrated in another of Austen's works,
Sense and Sensibilif{. 29], when considering the fate of the Dashwood women after
the death of their father. Throughout the book, notions of money, class, and nan-
cial stability plague the various relationships of many of the characters (for example,
Lucy, Edward, and Eilnor or Willoughby and Marianne). By devoting effort to the
understanding of the cultural mores which surround these narratives, the reader in-
creases her immersion with the text, further enhancing the overall experience. This
notion of contextualisation becomes increasingly more apparent in the latter half of
this work, which concerns itself with the creation of a DRE with an 18th century
Spanish manuscript detailing the expenses of the Royal Irish College of Alcala as its
source.®

This method of reading, which can be applied to any text regardless of its length
or technical complexity, continues to be seen as the “gold standard” with regard to
literacy and reading education, as evidenced by the US Common Core standards,
which notes:

Students who meet the Standards readily undertake the close, attentive
reading that is at the heart of understanding and enjoying complex works
of literature. They habitually perform the critical reading necessary to
pick carefully through the staggering amount of information available
today. [130, p. 3]

Hinchman and Moore note the importance of close reading, speci cally high-
lighting the skills which develop as a result of its practice: skills such as meticulous
analysis of language patterns, pattern combination, and analysis of irony, symbol-
ism, and metaphor, without which one cannot truly comprehend the text at hand
[131].

While the general association with this kind of attentive reading is to that of
literary analysis of complex works, close reading is involved in the consumption

3More information regarding the explored source text for the experimental portions of this work
can be found in Chapters 4 and 5.
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of nearly every facet of the traditional narrative (i.e. linear texts). Whether one is
reading a work of ction, a short story, a poem, a letter from a loved one, or even
a periodical (such as a newspaper or magazine), the skills and processes of close
reading are inherently intertwined with the consumption of the narrative. When
reading a periodical, for example, the reader will often re-read sections of the article
in question to parse fact from opinion or to facilitate the construction of her own
opinion based upon facets of information relayed within the article itself. Another
example is the reading of a letter from a loved one: a reader may carefully parse
the text of particular sections, subconsciously looking for clues as to the author's
state of being or thoughts related to a particular situation being discussed within
the letter. The methods utilised in these two examples are a small sampling, but are
representative of how close reading can be applied across multiple types of objects.
Upon turning one's attention to larger works (whether poetry, prose, drama, or other
works typically studied within a humanities scope), these practices become even
more obvious, with the reader analysing motive, theme, or plot in an effort to better
understand the characters or the larger arc of the supporting narrative.

2.1.2 Obstacles & Challenges of Close Reading in Digital Environments

While close reading techniques have served readers well throughout the print age,
numerous studies have noted that the nature of text in a digital environment presents
several problems for those engaging in close reading, problems which either do not
exist or are not as problematic in analogue environments. One of the most prevalent
problems is the challenge of comprehension. A study conducted in 2013 by Man-
gen, Walgermo, and Brgnnick compared rates of reading comprehension between a
group of readers reading two versions of the same text: one print and one digital
[132]. The reading itself consisted of a narrative text as well as an expository text.
Participants were then asked a series of questions designed to assess the comprehen-
sion of the source material. The study showed that those who read the material via
print had a greater comprehension rate than those who read the same material in a
digital format.

The study proposed a number of possible factors contributing to the lower rate of
comprehension for those reading digitally. The rst is an issue of navigation within
the text [132]. The entire text of the digital article did not t on the screen, thus it
was necessary for the reader to scroll through the text. This scrolling has proven
to be problematic with regard to reading as it produces a kind of “spatial instabil-
ity” [132, p. 65]. Piolat, Roussey, and Thunin note that reading is clearly informed
by positional placement of text, based on various eye tracking experiments which
highlight how the gaze of the eye is repositioned during the consumption of texts in
digital environments [133]. As continuous scrolling forces the eyes to constantly re-
position, there exists a logical inference that this instability of the content on-screen
has an effect on the reader's ability to comprehend the text.
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Several studies show that the position of text in physical space is often used by
readers when attempting to recall particular information [133]-[135]. The rigid na-
ture of the printed text provides a structure upon which the reader can build a men-
tal map—one that is formed without regard to text length. Mangen, Walgermo, and
Bragnnick note that even in shorter texts of less than 4 pages, this cognitive frame-
work played a crucial role in comprehension [132]. By building these mental maps
of the text, the reader is able to rely upon them to aid in recall of speci c aspects
of the text, thus furthering comprehension and, by extension, cognition. However,
the digital space lacks such rigidity. And while one could argue the screen of the
device itself provides boundaries—because of the spatial instabilityof a scrolling text
on screen (as mentioned by Mangen, Walgermo, and Brgnnick [132])—the physical
boundaries of the device screen do not provide the same type of tangible bound-
aries provided by print. Thus, in a digital environment, the reader is deprived of a
mechanism that has a strong correlation to recall.

Another potential contributing factor is that of metacognition, de ned as “[k]Jnow-
ledge and beliefs about one's own cognitive processes” [76, par. 1]. Ackerman and
Goldsmith conducted a study in 2011 to evaluate the role metacognition played
with regard to On-Screen Learning (OSL) versus On-Paper Learning (OPL) [136].
The results showed that OSL readers performed statistically more poorly than OPL
readers primarily due to two reasons: overcon dence of ability and an inability to
properly self-regulate. One possible reason for overcon dence is the assumption by
the reader of the level of dif culty involved in OSL, a phenomenon which can be
traced back to observations made more than 30 years ago. In 1982, Lichtenstein, Fis-
chhoff, and Phillips observed a phenomenon whereby individuals showed a level
of overcon dence when answering dif cult questions but under-con dence when
answering easy questions. Dubbed the “hard/easy effect”, the underlying idea is
that as a task increases in dif culty, humans react with overcon dence in their as-
sessment of their performance of the task; on the contrary, when a task is perceived
as relatively simple, individuals will second-guess themselves as to whether they
completed the task correctly, thus showing a level of under-con dence in execution
[137], [138]. Ackerman and Goldsmith assert that, because of the perceived dif -
culty of OSL (due to an increase in cognitive effort), most readers are overcon dent
in their ability to read and comprehend text on-screen. As such, readers do not ex-
pend the additional effort needed to gain the same levels of comprehension in OSL,
thus actually leading to a decrease in comprehension [136].

Regarding the inability to self-regulate, Ackerman and Goldsmith also note an
apparent bias towards OSL wherein learners feel their ability to study on screen is
less reliable than on paper [136]. This bias then translates into a meta-meta-cognitive
process (known as a Second-order Meta-cognitive Judgement, or SOJ), which has a
stronger, overriding meta-cognitive effect. There is an additional bias in associa-
tion that paper-based learning is a more effortfultask as opposed to screen learning,
which is perceived as being geared towards more shallow and faster readings of
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text. These meta-cognitive processes have a high correlation when factoring in read-
ing comprehension [136], and therefore should not be ignored when considering
how individuals read in digital environments.

It is interesting to note that even digital natives ** have higher levels of compre-
hension in digital environments when previously exposed to print. Duncan, McGe-
own, Grif ths, et al. note in their study that both children and adolescents who have
a history with reading print material tend to have higher levels of comprehension
than those who do not [142]. And while Duncan, McGeown, Grif ths, et al. men-
tions several scholars who argue that the use of social media and text messaging
provide exposure to a type of literary text, they note that others argue this type of
exposure does not, in fact, translate to online reading comprehension [142].

Each of these items (spatial instability, lack of mental map, meta-cognition, and
the inability to self-regulate) all foster dif culties related to comprehension, thereby
increasing the cognitive effort required to closely read text in digital environments.
As a result, humans began to adapt their reading practices to the screen in an effort
to reduce the cognitive load and consume the text in a manner more be tting the
medium. With the advent of hypertext, readers discovered a new way of approach-
ing reading in digital environments: hyperreading.

2.2 Hyperreading

2.2.1 Digital Reading through Hypertext

Partially due to the advent of the internet (and, more speci cally, hypertext) and
partially as a response to the challenges listed above, readers have begun to adapt
their reading with new methods of engagement beyond that of printed material
[143]-[145]. While some have posited fears regarding the downfall of the traditional
book™® or the decline of close reading skills, *° readers continue to engage with close
reading but often seek to enhance the experience through additional means, adapt-
ing their reading methods to the technology and the modes of interface provided.
These new methods of engagement do not replace close reading, but rather serve to
augment the experience or provide new insights through alternative engagements
with the text.

14The term digital native is typically used to refer to those individuals born or raised after the ad-
vent of digital technology and thus never needed to acquire digital skills in adulthood [97]. However
Prensky's model on which this assumption was based has since been debunked [139] and studies have
shown that age plays little (if any) role in adoption of technology (which is evident in the case study
discussed in Chapter 5). White, Silipigni Connaway, Lanclos, et al. developed a more robust theory
of digital residentsand digital visitors [140] that more concisely explains the relationship individuals of-
ten have to technology. However, for our purposes here, the term digital native will be used both in a
broader sense than its original de nition (by also including those digital immigrantswho gained digital
uency in adulthood) as well as for its familiarity in a colloquial sense. It should be noted that wher-
ever this term is mentioned, it should be subsumed under White, Garton, White, et al.'s paradigm.

15See [126, pp. 201-204]

16see [146, p. 56]
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While there is no one, uni ed de nition of the term  digital reading for the pur-
poses of this discourse, the term is de ned as the type of reading that takes place
in any digital environment (within the remit of Digital Humanities as previously
de ned) and that does not solely employ traditional close readingechniques but
also offers alternative, non-traditional modes of engagement. As the scope of work
laid out has already been constrained to those types of projects generated by Digi-
tal Humanities, the term will not refer to device-speci c issues (such as the reading
of e-pub formatted books on a Kindle or the effects of the page turnmechanism)
but rather will consider common implementations of these digital readingmechanics
across devices, as most of these types of projects have singular implementations—
that is, they typically do not exist in one form for the web and another form for
mobile devices or tablets. As most of these types of projects generated within the
context of Digital Humanities are themselves digitally native,'” they are uniquely po-
sitioned to take advantage of alternative methods of engagement offered by digital
reading approaches.

Digital reading, as de ned above, truly began with the development and imple-
mentation of hypertext. Numerous de nitions of hypertext exist, but it is George
Landow who provides the most comprehensive de nition, stating that “[hypertext
is] text composed of blocks of words (or images) linked electronically by multi-
ple paths, chains, or trails, in an open-ended, perpetually un nished textuality de-
scribed by the terms link, node network weh and path’ [113, p. 2]. Speci cally, it is
the notion of text linked by “multiple paths” that is “open-ended” and “perpetually
un nished” [113, p. 2] which sets the stage for radical new ways of approaching
textual engagement in digital formats. Whereas the traditional print form forced
engagement through linear means,'® the nature of hypertext speci cally allows the
reader to chart her own path through the text, as opposed to print reading, which
is generally hierarchical by design. The structure of the printed text is traditionally
meantto ow from sentence to paragraph to page. Pages are organised into sections
and then chapters, which are compiled into a book. These conventions were devel-
oped according to two disciplines: the Outline, where information is organised by
its relative importance to the overarching theme or themes, and Syllogism, where
information is organised according to the “narrative structure of the argument” [22,

p. 106]. These conventions hold true today regarding printed text, and analogue
narratives are still largely constructed following these two disciplines. And while
Stallybrass contends the codex form was originally created to encourage discontin-
uous reading (the analogue form of hyperreading), many readers today approach
print with a linear (i.e. continuous reading) mindset [2].

17Baron de nes projects considered digitally native as resources which are “designed to capitalize
on the special possibilities digital technology offers" (see [147, ch 1, sec. "De nitions"]). These types
of resources typically contain a form of user interaction, such as visualisations, connecting to other
outside, electronic sources, or implementing a social affordance such as a forum.

18while printed text can be read in a non-linear fashion via the use of devices such as an index or
table of contents, for the purposes of this analysis and the de nition used herein, the focus will be on
reading materials in a digital (or hypertext) environment.
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By contrast, however, hypertext allows for both linear and lateral navigation
through the text due in large part to the lack of physical boundaries of the digi-
tal medium. This lateral movement largely breaks the metaphor of the traditional,
structured text and organisation of ideas. Burbules notes that as a result of this lat-
eral movement through the text, hypertext can actually create a more nuanced and
complex relationship between multiple narratives [22]. Such lateral thinkingis shown
to be highly effective in developing critical thinking skills as well as learning how
to problem-solve, as it forces the reader to associate seemingly disconnected nodes
to form a whole [148]. Developing these types of skills is highly bene cial as the
brain does not naturally think in non-linear (i.e. lateral) ways, but rather in logical,
pre-determined paths that are built up over time based on past experiences [149]. By
harnessing the power of lateral thinking, the reader can actually learn to visualise
the information in a different sequence or structure, thereby changing her under-
standing of the subject as a whole [150].

This non-linear engagement with hypertext is known as hyperreading [151]. Due
to its lateral movement and associative approach to narrative construction, hyper-
reading can promote a type of “thinking by association” [151, p. 24]. This type of
thinking plays a strong role in the development of reading skills due to an increase in
cognitive effort on the part of the reader to associate multiple, variable paths through
the narrative, as afforded by the environment [152]. These skills position the reader
to better understand and consolidate information from a variety of sources:

Reading hypertext is a naturally dynamic, recursive, and integrated pro-
cess, one that provides multiple opportunities for students to acquire,
test and re-frame knowledge through cognitive reconstruction of text,
inter-textual analysis and exposure to varied perspectives on issues. Thus,
hypertext may promote increased comprehension through the elabora-
tion and integration of new information into the existing knowledge net-
work as readers create and expand the cognitive map that guides their
construction of meaning. [153, par. 5]

By allowing the reader to engage with the content in this associative manner, the text
is meeting a very real Need For Cognition, otherwise known as NFC, de ned by Co-
hen, Stotland, and Wolfe as the “need to structure relevant situations in meaningful,
integrated ways. It is a need to understand and make reasonable the experimental
world” [154, p. 291]. Also de ned as “people's tendency to engage in and enjoy
effortful cognitive activity” [155, p. 197], NFC is highly relevant to understanding
information seeking behaviour and how readers consume digital resources, largely
due to the experimental naturef the digital world. Many digital readers utilise infor-
mation seeking as a means of meeting this Need For Cognition [156].

Various modes of research have shown that NFC is tied to success in academial®

19For further discussion on the effects of NFC in academia, see [157] (for discussion on the interrela-
tion of intelligence, personality, and interests, much of which serves as a background for NFC); [158]
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Given that most projects created within a Digital Humanities context are geared to-
wards the dissemination of research and aimed at an audience of academics, there
is likely a higher NFC among the user base as intelligence (and by extension, intel-
lectual curiosity) is one of the contributing factors to a higher level of NFC [158],
[159], [161]. This understanding of how NFC can affect behaviour in these types of
digital environments, therefore, informs both the design of the hypertext as well as
the intentions of the creator in how the various narratives are linked together and
what additional tools may be necessary to supply to the reader.

The very nature of hypertext (and by extension hyperreading) provides a facility
for information seeking, a task which is highly correlated with NFC [156]. Further-
more, the interactivity of hyperreading (in this case the selection of content through
personal choice via the use of hyperlinks) actually allows for those who rank lower
on the NFC scale to engage with content more effectively [162]. Thus hyperreading
provides not only an alternative method for exploring textual content, but it can also
actually facilitate further engagement with a wider audience by providing a level of
interactivity aimed at drawing in low NFC readers.

2.2.2 The Challenges of Hyperreading: Cognitive Overload, Working Mem-
ory, and Attention

Hyperreading is, however, not without its disadvantages, as noted by Uso-Juan and
Ruiz-Madrid [152]. Some of these disadvantages—such as a lack of clear contextual
or navigational cues, the connection to other content nodes, or screen-related issues
such as resolution, glare, or eye strain—are addressable via either information archi-
tecture principles or via improvements to hardware designs, which are constantly
evolving as new technology emerges. However, the most signi cant problem faced
by hyperreaders is that of cognitive overload, as noted by Kasper [153]. Cognitive
Load Theory plays an integral role in understanding how hypertext speci cally can
lead to issues of cognitive overload. When rst proposed in 1998, Sweller, Merrien-
boer, and Paas sought to understand the role of working memory, de ning Cognitive
Load Theory by offering the following de nition:

Cognitive Load Theory has been designed to provide guidelines intended
to assist in the presentation of information in a manner that encourages
learner activities that optimize intellectual performance. The theory as-
sumes a limited capacity working memory that includes partially in-
dependent subcomponents to deal with auditory/verbal material and
visual/2- or 3-dimensional information as well as an effectively unlim-
ited long-term memory, holding schemas that vary in their degree of au-
tomation. These structures and functions of human cognitive architec-
ture have been used to design a variety of novel instructional procedures

(for discussion on the role of personality and NFC in academic performance at the third level); [159]
(for discussion on how NFC affects intellectual investment); and [160] (for discussion on how NFC
affects motivation in higher learning environments).
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based on the assumption that working memory load should be reduced
and schema construction encouraged. [163, p. 251]

The theory hinges speci cally on an understanding of working memory, ?° which is
the area of the cognitive system which stores small amounts of data for short periods
of time [164]. DeStefano and LeFevre further de ne working memory as a “set of
mental resources people use to encode, activate, store, and manipulate information
while they perform cognitive tasks” [165, p. 1618].

Numerous studies regarding Cognitive Load Theory have focused on second
language acquisition, speci cally within multimedia environments. Baddeley dis-
cusses the link between working memory and language, addressing the role work-
ing memory plays in language acquisition. In his research, Baddeley highlights four
different subsystems which make up working memory; 2! however, it is the visu-
ospatial sketchpad that is perhaps most salient to the discussion of distant reading,
speci cally due to its role in maintaining page layouts and facilitating eye tracking
[122]. However, given that page layouts no longer exist in digital environments (at
least not in terms of being able to construct a stable mental map of the page) and that
eye tracking is in a constant unstable state, the working memory system is forced to
adjust the processing of digital text from the visuospatial sketchpad to the central
executive. This can actually lead to a reduction in comprehension, a theory which is
supported in a number of studies [168]-[170].

In keeping with this theory, Plass, Chun, Mayer, et al. conducted a study which
examined the role of cognitive load during foreign language learning, focusing on
the role visual cues played in reading comprehension [171]. Much of their work
was based not only on Baddeley's model of working memory but also on Mayer's
generative theory of multimedia learning, which holds that individuals learn bet-
ter from the use of both the verbal and the visual [172]. As part of the experiment,
Plass, Chun, Mayer, et al. had students read digitally a portion of text in a foreign
language. Some students were then presented with hypertextual annotations for
certain words that contained both visual and verbal cues as to the word's de ni-
tion (a picture followed by an English Language description), while other students
were presented with text which either contained hypertextual annotations with ver-
bal cues (such as the actual written de nition) or no hypertextual annotations at all.
Their ndings stated that vocabulary acquisition was higher where the use of both
visual and verbal cues were present [L71]. However, they noted that in low-ability
learners, parsing both visual and verbal cues led to poorer reading comprehension

205ee Chapter 1 for an in-depth discussion of working memory.

21The four subsystems of working memory are: the phonological loop (responsible for verbal /
auditory input), the episodic buffer (responsible for the integration of multiple types of information
in preparation for storage in long-term memory), the visuospatial sketchpad (responsible for visual /
spatial input) and the central executive (responsible for managing attention within working memory).
Each of these plays a different role in the abilities of working memory. For more information on these
subsystems, see: [122]; [14]; [166]; [21]; [167]; [19]. Also, refer to Chapter 1 for an in-depth discussion
on working memory and its various components.
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and an increase in cognitive overload [171]. Conversely, this was not the case in high-
ability learners. They observed that individual learning preferences played a major
role in comprehension, concluding that those with higher spatial-learning abilities
were able to process the text more easily than those with more verbal-focused learn-
ing abilities [171]. It can be concluded that offering readers a choice in how they
are presented with contextual cues can have a strong impact on reading comprehen-
sion as it allows them to tailor the experience to best t their cognitive abilities, thus
decreasing the effort of the overall cognitive load of the process.

The study conducted by Plass, Chun, Mayer, et al. is particularly intriguing when
considered within the framework of digital reading. When considering their results
within the context of Baddeley's model for working memory, those who struggle
with strictly visual cues are likely experiencing a type of cognitive overload due to
the lack of strong boundaries within a digital environment. Unless the reader has a
highly developed visuospatial sketchpad, the central executive will be forced to off-
set the additional workload, thus making it more dif cult to make the conversion to
long-term memory. Additionally, due to the central executive's role in moderating
attention, these individuals will also struggle with maintaining proper attention to
comprehend the text. However, in instances where both the visual and the verbal are
utilised, the episodic buffer (the fourth component in Baddeley's model) is capable
of taking on some of the additional workload to process and convert data from both
the phonological loop as well as the visuospatial sketchpad, thus of oading some of
the work to convert to long-term memory. Plass, Chun, Mayer, et al.'s study pro-
vides strong evidence for more of a mixed mediapproach to reading within digital
environments.

Kasper notes a different type of cognitive overload regarding hypertext, as her
work focuses on structural organisation rather than visual versus verbal cues [153].
In her study, Kasper notes that students reported a higher success rate for reading
comprehension when working with  controlled hypertextgor hypertexts which have
some, but limited, branching nodes) as opposed to free hypertextgor hypertexts with
no editorial, structural controls in place and that allow the reader to move in a com-
pletely unstructured, non-linear way throughout the text with no editorial interven-
tion). Kasper notes that free hypertextdead to cognitive overload due to their lack
of structure and organisation, thus inhibiting the reader's ability to comprehend the
totality of the text in question [153].

The other major challenge faced by hyperreaders is that of attention. Best de-
scribed by William James in the latter part of the 19 " Century, attention can be de-

ned as the “taking possession by the mind, in clear and vivid form, of one out
of what seem several simultaneously possible objects or trains of thought” [173,
p. 403]. This understanding has changed little in the intervening century as proven
by Buschman and Kastner in 2015: “the selective prioritization of the neural repre-
sentations that are most relevant to one's current behavioral goals” [174, p. 127].
With working memory having a limited capacity, attention becomes a necessary
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component in order to prioritise the storage and processing of information. Just
as digital content has conditioned the reader to screen information more ef ciently
[175], it has also led to a reduction in her ability to sustain attention for any sig-
ni cant length of time [22]. Furthermore, attention facilitates information-seeking
behaviour in large part by determining the reward associated with the behaviour:
is the effort involved in seeking the information in a particular environment likely
to produce a suf cient reward [176]? While attention is widely studied, this discus-
sion will concern itself primarily with the theory of selective attention, focusing on
visual attention, de ned as attention which “refers to a set of cognitive operations
that mediate the selection of relevant information and the Itering out of irrelevant
information from cluttered visual scenes” [177, sec. "De nition"].

There are two primary methods by which visual attention can be focused. The
rst is through signal detection, otherwise known as visual spatial orientation. Sig-
nal detection relies upon a type of visual cue that draws the eye to the intended
target [178]. These visual signals cause attention to orient to the physical location of
the stimuli. Within digital environments, visual spatial orientation can be demon-
strated via the use of coloured hyperlinks. By leveraging a colour which contrasts
against the colour of the body text as well as that of the background, attention is
drawn to the link, giving the reader some type of visual indicator that said text is
different from the main body. In the case of hyperlinks, this signal detection is used
to provide a clue as to additional information or functionality contained within the
text and is useful for scanning a hypertext document for linked information (see
Figure 2.1).

FIGURE 2.1: Use of signal detection (via the use of colour) to indi-
cate links and additional information as seen in The Chymistry of Isaac
Newton[179].

The example from Figure 2.1 highlights a particular problem with this method
of signal detection: accessibility. In the above example, the numbers "16" and "1"
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appear in green text, and the "<1r> Page Image" text is in red text. The green items
provide modal overlays with additional information or contextual cues, whereas the
red text provides a hyperlink to an image resource. However, because of the use of
"red" and "green" colours, those who experience red/green colour-blindness may
not be able to distinguish a difference in colour at all from the main body, let alone a
difference in colour between the two different "types” of visual artefacts. Thus, when
relying upon colour for signal detection, it is imperative to consider the limitations
of the colour palette being used, as it may prove entirely ineffective for certain users.

The second method of visual attention is that of visual search, as proposed and
discussed by Treisman and Gelade. Visual search concerns itself with the method
of focusing attention in order to isolate a particular parameter among a morass of
visual distraction or clutter [180]. Tying back to the earlier hyperlink example, a
visual search may take place to locate the one “visited” hyperlink on the page (which
is generally coded differently via the use of a secondary colour) amidst a sea of
“unvisited” hyperlinks. The hyperlinks themselves (visited or otherwise) will stand
out from the body of the hypertext due to their colour coding; however, the status of
the link (visited versus unvisited) will be further highlighted via colour distinction.

As the use of two colours (that are often in related colour families such as blue and
purple) increases the visual clutter on the page, the visual search method is utilised
to focus attention on the desired information.

One nal aspect of attention which works in conjunction with Cognitive Load
Theory and which can have a strong impact upon digital reading is that of the  split-
attention effect Schnotz and Kirschner de ne this effect as the “[occurrence] when
the learner’s attention must be split between multiple sources of visual informa-
tion that have to be integrated for comprehension, because the individual sources
cannot be understood in isolation” [181, p. 471]. They speci cally discuss the in-
crease in cognitive load when attempting to integrate sources of material which are
related but spatially separated. When readers must move between multiple sources
or jump between spatial locations in order to access related information, the split in
attention leads to an increased cognitive load in order to integrate the pieces of infor-
mation; however, it is important to note the split-attention effect is only applicable to
sources of information which are dif cult or impossible to understand unless they
are integrated with their related counterparts [181]. When sources of information
are redundant, hiding the secondary sources (or spatially separating them) actually
decreases cognitive load, thus leading to an increase in comprehension rates [24]. It
is therefore essential to consider the relative importance of information relationships
when designing hypertext readings, as these relationships can obviously play a vital
role in the reader's ultimate comprehension.

An example of the dual nature of the split-attention effect can be seen in Figures
2.2 and 2.3. Here, both websites have been queried to show similar types of data:
murders which occurred during a speci ¢ time period in a speci ¢ place (London,
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UK and Harlem, NY USA respectively). Both allow the user to visualise the oc-
currence of crime and perhaps identify problematic areas via clustering. However,
Figure 2.2 gives no indication as to the type of crime. ?? All occurrences of data are
marked using the same icon—the only difference being that of size, which indicates
the number of instances. Furthermore, no other information about the occurrence
is available (on::hover, each map point simply indicates the number of occurrences
related to that point with a link to view detailed results). In order for the reader to
truly understand the scope and nature of the occurrence, her attention must be split
to another screen entirely.

FIGURE 2.2: Map of murders in London between 1674 and 1819 as
visualised in Locating London's Pagi82]. A larger version is available
in Appendix E in Figure E.2

However, Figure 2.3 takes an entirely different approach. First, this visualisation
provides a visual indicator for each individual type of crime (each notated by a dif-
ferent icon on the map). The legend that describes each icon is visually separated
but, as most of the icons are intuitive, it does not cause the split-attention effect as
the legend is largely redundant. Furthermore, each occurrence is plotted individ-
ually and contains summary information regarding the occurrence, which allows
the reader—on initial glance via the on::hover function—to view pertinent informa-
tion and decide if the occurrence is worth further investigation without having to
manoeuvre to an additional screen.

22t should be noted that while the only type of crime shown for both websites is that of murder,
both websites allow for multiple crime types in queries, meaning that more than one type of crime
could potentially be visualised at the same time.
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FIGURE 2.3: Map of murders in Harlem between 1915 and 1930 as
visualised in Digital Harlem [141]. A larger version is available in Ap-
pendix E in Figure E.3

Given that attention is nite and technology has conditioned us to expend less
attention on digital text [147], [183], [184], the effort involved in selective attention
methods is important to understand. Leveraging real world approaches to visual
search (such as search for collections of objects in a scene such asars peopleetc.)
demands signi cantly less attention and cognitive load than the hyperlink example
discussed above—otherwise known as a conjunction search [174]. Due in part to
the elastic nature of hypertext and in part to cognitive overload that results from an
abundance of choice with little clear direction, hyperreading has made close reading
more dif cult (via the creation of rabbit hole scenarios) and by a reduction in our
ability to sustain attention in digital environments. These issues have led to the
exploration of other alternatives that can mix some of the strategies for attention
mentioned here (such as visual search) with multimedia learning, allowing for a
more robust approach to comprehension in online environments. Enter Moretti's
concept of distant reading

2.3 Distant Reading: A Digital Evolution of Close Reading

While 22 hyperreading has served as a novel approach to textual engagement, it was
unable to offer the same kind of deep, immersive experience that close reading could
offer. As technology evolved, scholars began looking at using computer algorithms
to readtext and gain potentially new insights. One of the major advantages of this
approach is that a machine could analyse millions of texts at a time, something phys-
ically impossible for any human being to undertake in a single lifetime.

Thus the concept of distant readingwas born. In an attempt to answer the ques-
tion 'How can you a read million books?' [185], Franco Moretti noted the greatest

Z3portions of this section are reused in an upcoming journal article entitled "Engagement through
Visualisation: A Case Study on the Alcala Record Books" in the IEEE Transactions on Learning Technol-
ogy.



50 Chapter 2. Visualisations & Reading

shortcoming of a close reading approach: a dependence upon a small corpus [4].
In his work with world literature, Moretti felt it necessary to understand the genre
as a whole, and in order to do so, felt it necessary to migrate away from a small
cannon to an impossibly large one, thus gaining a greater understanding of the en-
tire picture of the genre: “...[close reading is] a theological exercise—very solemn
treatment of very few texts taken very seriously—whereas what we really need is a
little pact with the devil: we know how to read texts, now let's learn how  notto read
them” [4, p. 48]. Matthew Jockers expanded upon Moretti's approach, asserting that
these new methods of discovery via big data—such as Moretti's distant reading—
allow the reader to pursue new avenues of discovery and understanding [5]. Close
reading still plays a role at the micro-level, but distant reading allows the reader to
begin her investigation at the macro-level. In the modern world of literary analysis,
both the micro and macro approaches are essential components, given the volume of
data available and the need to analyse both the overall view, as well as the insights
available at a more granular level:

Today's student of literature must be adept at reading and gathering ev-
idence from individual texts and equally adept at accessing and mining
digital-text repositories. And mining here really is the key word in con-
text. Literary scholars must learn to go beyond search. [5, p. 9]

Close reading allows the reader to gain insight into “nuggets” of truth while data
mining allows the reader to probe the “deeper veins” of knowledge buried beneath
the detritus [5, p. 9]. This macro-level approach, or Moretti's “little pact with the
devil” Moretti, p. 48, forms the basis of the theory of distant reading.

Distant reading can be de ned as the ability to “focus on units that are much
smaller or much larger than the text: devices, themes, tropes—or genres and sys-
tems” [4, pp. 48—-49]. Jockers, however, uses the word 'macroanalysis' in juxtaposi-
tion to distant reading, primarily because, as he argues, the word readingimplies a
broad, interpretative approach, whereas analysisimplies a more concentrated, objec-
tive approach [5]. He does note, however, that “interpretation is fueled by observa-
tion, and as a method of evidence gathering, observation—both in the sciences and
in the humanities—is awed” [5, p. 6]. Even in the most objective of experiments,
subjectivity still plays a role in the interpretation of results. True objectivity is not
attainable [5].

Objectivity, however, is not absolutely necessary. After all, literary analysis (and,
for that matter, most other types of humanities data) is by de nition a more sub-
jective eld of inquiry and relies more on subjective interpretation and informed
opinion than on hard, numerical data. Just as close reading requires the user to situ-
ate their analysis of the work within the historical and cultural underpinnings of the
setting, so too does distant reading require this more subjectiveapproach to analysis.
Moretti attempted to apply such an analysis to his study of British novels written be-
tween 1740 - 1850. In his analysis, he noted a trend in the length of the title: moving
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from an average of 15 - 20 words in 1740 to an average of 6 words by end of the era of
study [4]. He found this curious, and through investigation discovered that the fre-
quency of publications drastically rose: from a few books per year at the start of the
erato around 100 per year by the close of the period [4]. With the in ux of books, var-
ious magazines began to publish reviews of the books which provided summaries
of the novels themselves. Prior to review publications, the title itself needed to serve
as a summary of the novel—thus the longer title was necessary. But with the rise
in reviews, which served the purpose of providing summaries to readers regarding
the books in question, longer titles were considered super uous and thus began to
shorten [4]. Further, as more novels were published, readers became more familiar
with the concept, and longer titles were not seen as necessary for guidanceto the
reader [4]. This, coupled with other constraints, such as library catalogues needing
to constrain titles for space reasons, as well as the rise of advertising in the literary
space (which could create yers to advertise more content regarding the book), led
to the decrease in the length of the title. Moretti's conclusions regarding the length
of titles and their evolution was extrapolated using a distant reading approach, but
could not be fully understood without this historical and cultural contextualisation.
Thus, like close reading, this distant reading approach was culturally contextualised
in order to properly understand the information. 2%

Thus, the assertion here is that distant reading is not that different from close
reading, merely a different way of assessing the information at hand. As previously
noted, close reading is most effective when situated within a particular context, a
context that is generally culturally speci c. Whether it be understanding the cul-
tural references in a literary work, the underlying economic factors which might
have driven a particular historical event, or the portrayal of certain characters in
a painting due to perceptions of wealth, social class, or nationality, the notion of
cultural hegemony 2° and effects of cultural on humanities data plays a vital role in
understanding the content at its core.

Broad attempts to generalize about a period or about a genre by reading
and synthesizing a series of texts are just another sort of microanalysis.
This is simply close reading, selective sampling, of multiple "cases"; indi-
vidual texts are digested, and then generalizations are drawn. [5, p. 25]

24Moretti's examination of title lengths is but one example among many, too numerous to list here.
For further examples, see [186] which details multiple examples of situating literary data analysis via
historical context. Jockers also discusses this in his examples of Fanning's analysis of the decline of
publication rates of Irish American authors or situating the use of language within particular cultural
contexts, such as the difference in the use of de nitive articles between American and British English
[5].

25Cultural hegemony is de ned as a situation wherein the ruling class manipulates a society's cul-
ture in order to impose their worldview, thus making it the accepted cultural norm [187], [188]. While it
is usually portrayed in a negative sense (see Marxist philosophy), various cultural movements through
the ages (in which works of art, history, music, and literature are situated) are by their de nition a cul-
tural hegemony: the ruling class of the time has shaped the culture to enforce a norm. The artists
creating these works that we study are typically seeking to either further the established cultural norm
or challenge it by providing commentary or criticism. Therefore, it is through these cultural norms that
context is provided in the study of humanities data.
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And while Jockers also states that such a macroscopic investigation is “contextual-
ization on an unprecedented scale” [5, p. 2], utilising such an approach helps the
reader better situate the material within the proper context. This situates both dis-
tant reading (as de ned by Moretti) and macroanalysis (as de ned by Jockers) as
close reading approaches at their core, as they provide context in the way that close
reading provides context—through their application of subjective analysis of other
contributing factors (such as historical context, economics, etc.).

But distant reading has its own inherent problems. As a relatively nascent theory,
perfecting the visualisations (which are a necessary component) is still a work in
progress. One of the largest issues with these visualisations is their implementation
(or sometimes lack thereof) of gestalt principles of visual perception.

2.3.1 Distant Reading: Leveraging Gestalt Principles of Visual Perception

While distant reading does provide an advantage from a cognitive standpoint (given
that the brain is naturally primed to interpret patterns and images as opposed to
reading, which requires training the mind to interpret words and derive meaning),
many of the visualisations implemented in distant reading approaches fail to con-
sider the ways in which the human brain understands patterns and interprets visual
information. An understanding of how the brain interprets visual information al-
lows the creator to provide a more nuanced analysis of the use of visualisations
within textual environments. The basis of current understandings of pattern recog-
nition is founded on the Gestalt Principles of Visual Perception.

Born out of gestalt theory (which was developed in the 1920s by German psy-
chologists Max Wertheimer, Wolfgang Kohler, and Kurt Koffka), the gestalt princi-
ples focus on how individuals perceive objects based primarily on six factors: prox-
imity, similarity, symmetry, closure, continuity, and gure-ground [1], [189], [190].
Each of these factors is used to describe how a user may perceive an object and the
importance which may be placed upon the object. In addition, these factors in u-
ence how patterns are recognised and how information is readin a visualisation.

The rst of the principles, the principle of proximity, speci cally deals with the
distance between objects and how the user perceives the objects to be organised.
Objects which are placed closer together are seen as beingyroupedogether, whereas
objects with distance between them are seen to be separate [1]. This principle is
demonstrated in Figure 2.4. In the left group, the diamonds are arranged closer
horizontally than they are vertically, giving the appearance of 3 distinct rows. In
the right group, the arrangement is reversed, giving the appearance of 3 distinct
columns instead.
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FIGURE 2.4: Use of proximity to group objects

The principle of proximity can also be used to show relative importance [189]. In
Figure 2.5, the placement of the dot within the left frame indicates a place of priority,
as itis centred. However, the dot placement within the right frame is off to the side,
as though it is an afterthought. As a result, the brain ascribes the dot in (b) less
importance than it does to the dot in (a).

FIGURE 2.5: Use of proximity to show importance as demonstrated
by Schlatter and Levinson [189]

The principle of proximity perhaps plays one of the most important roles when
considering how data visualisations are read. Many of the visualisations seen within
Digital Humanities deal with textual analysis. When such an analysis is represented
as a visual item, assumptions are immediately made by the reader concerning the
proximity of words in the visualisation relative to others (meaning those which are
closer in position are more relatedhan those which are further apart). However, this
is not always the case depending upon the methodology employed. In a data visu-
alisation generated using the RoSEtool created by University of CA, Santa Barbara
(see Figure 2.6), the reader can easily see that some authors, who are positioned
more closely to William Shakespeare at the centre of the visualisation, have a closer
(in most cases, direct) tie to Shakespeare himself; whereas those authors positioned
further away from Shakespeare lack this closer tie and are only tangentially related
to him (perhaps via the notion of 6 degrees of separatjon
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