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Abstract

Educational technology has yet to deliver the benefits or successes that were expected
in educational practice, especially in relation to issues other than the communication
and delivery of teaching materials. Evidence suggests that these difliculties stem from
the mismatch between formalised virtual learning environments and everyday sense-
making and between the rich potential for enhanced learning afforded by new technology
and the constraints of old-style educational practice. In addressing this mismatch,
some commentators suggest that the primary need is for a new culture of educational
practice—and even that such a culture is already emerging, and others identify the need
for a new paradigm for educational technology. The aim of this thesis is to explore the
potential for a new paradigm for educational technology based on the principles and
tools of Empirical Modelling (see http://dcs.warwick.ac.uk/modelling).

The thesis builds upon previous research on Empirical Modelling as a construction-
ist approach to learning, and in particular Roe’s doctoral thesis ‘Computers for learn-
ing: an Empirical Modelling perspective’. Roe’s treatment of Empirical Modelling can
be viewed as generalising the use of spreadsheets for learning through applying ‘pro-
egramming by dependency’ within the framework of existing educational practice. In
contrast, this thesis is concerned at a more fundamental level with the contribution
that Empirical Modelling can make to technology enhanced learning that may lead
to new educational practices. In particular, it identifies eight significant characteris-
tics of learning that are well-matched to Empirical Modelling activity, and associates
these with experimental, flexible and meaningful strands in learning. The credentials
of Empirical Modelling as a potential new foundation for educational technology are
enhanced by demonstrating that Empirical Modelling is radically different from tra-
ditional software development and use. It provides a methodology for modelling with
dependency that is more closely related to the use of spreadsheets for learning.

The thesis elaborates on the relationship between Empirical Modelling and learning
in a variety of different contexts, ways and applications. Three examples drawn from
computer science higher education are explored to emphasise the experimental, flexible
and meaningful characteristics of Empirical Modelling. This discussion of Empirical
Modelling in a specific educational context is complemented by an investigation of its
relevance to learning in a wider context, with reference to a broad range of subjects, to
specific issues in language learning, and to the topics of lifelong learning and collabo-
rative learning. Although the application of Empirical Modelling for learning is as yet
too immature for large scale empirical studies, its potential is evaluated using informal
empirical evidence arising from Empirical Modelling practice at Warwick. The sources
for this evaluation are well-established teaching activities relating to Empirical Mod-
elling in Computer Science at the University of Warwick, comprising an introductory
module and a number of final year undergraduate projects.

The thesis concludes by considering the extent to which Empirical Modelling can
go beyond the support for constructionism envisaged by Roe, to address the broader
agenda of supporting constructivist learning using computers. To this end, a close
relationship between Empirical Modelling and a vision of constructivism recently set
out by Bruno Latour in his paper ‘The Promises of Constructivism’ is demonstrated.
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Introduction

Empirical Modelling (EM) is a body of research that has been developed at the Uni-
versity of Warwick by Beynon & Russ [EMW] over the last 20 years. The principles
and tools for EM enable model construction and manipulation with a unique empha-
sis on the role of experience. Model-building is seen as intimately connected with
sense-making, and models have a high degree of openness encouraging exploration and
embellishment. EM has been used by over 100 students and many researchers for model-
building activities, and some of the resulting models are featured in the EM Project
Archive, which contains over 160 models at present [EMP|. These models explore a
wide variety of topics in computer science, such as concurrent systems, computer graph-
ics and artificial intelligence, and in other subject areas including engineering, business,
humanities and education. This work has led to over 100 refereed publications and more
than 20 graduate theses on topics relating to computing. The principles, tools, history
and philosophy are discussed in depth in the theses of Rungrattanaubol [Run02], Ward
[War(04], and King (Kin07].

The topic of this thesis is EM as an approach to learning and as a support for
education. Given the importance assigned by Beynon & Russ [BR07] to personal sense-
making in EM, it is natural to assume that EM is already associated with learning in
an informal sense. The thesis develops the idea of EM as learning together with the
use of EM for learning in terms of a methodology for technology enhanced learning.
The overall aim of the thesis is to answer the following research question: How, where
and why can EM benefit learning? In order to answer the ‘why’ question, I shall be
drawing on external influences that have provided the motivation for EM. To answer
the ‘where’ question, I analyse and extend research into EM’s principles and tools in
practical applications. And to answer the ‘how’, I have gathered evidence of student

EM activity. These three sections are depicted in Figure 0 and elaborated in this



introduction.

The earliest work on the connection between EM and learning is by Beynon [Bey97],
who highlights that I£M has potential for applications in education because EM’s princi-
ples for model-building are bound up with the learning process. According to Beynon’s
experiential framework for learning?, to be discussed further in Chapter 2 (see Figure 2.7
on page 51), “cognition and learning are fundamentally concerned with a process of
construing phenomena in terms of agency and dependency” [Bey97|. Such a process
is empirical, as well as provisional and tentative in that the function of the model is
to prompt more precise understanding of the phenomena. Beynon introduces EM as
a computer-based approach to constructing models of phenomena in terms of agency
and dependency that is concerned with understanding phenomena prior to precise for-
malisation [{Bey97]. This leads Beynon to recognise EM’s potential as an approach to
generating software for educational use [Bey97]. Beynon demonstrates that EM can
offer support for concerns faced by IT managers, teachers and pupils in developing ed-
ucational software [Bey97]. This work offers some initial clues for answering the ‘why’
question.

A detailed account of the potential application of Empirical Modelling (EM) to
learning is given by Roe in his PhD thesis entitled Computers for Learning: An Empir-
ical Modelling Perspective [Roe03]. Roe takes Papert’s constructionism [PH91] (intro-
duced in Chapter 2) as his foundation and argues that technology enhanced learning
has only realised a fraction of its full potential because traditional programming prac-
tice is not well-suited to the needs of domain learning. He suggests that educational
technology based on spreadsheet principles (discussed in Chapter 3) offers a more suit-
able paradigm to support domain learning [Roe03:p.20]. Elaborating on this notion,
Roe introduces EM as a powerful tool for constructionist learning offering the charac-
teristics of a spreadsheet environment (i.e. dependency maintenance) with the power of
a procedural programming language [Roe03:p.55]. Work by other members of the EM
Research Group has improved the general understanding of EM principles and tools.
Rungrattanaubol [Run02] has improved the understanding of the principles of EM with
her treatise on Modelling with Definitive Scripts (MWDS). Ward has developed and

analysed the EM tools over a number of years in response to the needs of students

'Originally referred to as an empiricist perspective on learning.
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[WarO4]. King has developed the philosophical basis for EM and prototyped new in-

terfaces for EM [Kin07]. This work provides a basic starting point for answering the

‘where’ question.

The student-led culture of EM at Warwick has contributed to the application of EM
as a support for education. Students have been involved with EM tools through inter-

action for a module in databases [BBRWO03]. Many final year undergraduate projects
have engaged with EM (e.g. the projects on planimeters and ant navigation as dis-
cussed in Chapter 6) and also developed new EM tools (e.g. the agent-oriented parser
(Har03] as used in Chapter 4). An introductory module to EM, discussed in Chap-
ter 6, has provided students with further model-building opportunities—some models
themselves being relevant to education (e.g. the TAUNN and greedy algorithm models
from WEB-EM-1 [WEBEM1}). The student culture, as well as collaborations external
to Warwick (e.g. joint work with University of Joensuu, Finland [EJRV02] [BHJ05]
[BHV07}), has inspired new research directions and provided evidence for the poten-
tial of EM in education. This work gives an empirical basis for answering the ‘how’
question.

In answering the ‘how’, ‘where’ and ‘why’ questions, the thesis brings together evi-
dence from student EM activity, research work into principles and tools, and external
influences that have motivated EM. The main contribution of the thesis is to redefine
EM as a complete approach to learning and education drawing on all of the previous
work as shown in Figure 0. Instead of solely viewing EM as learning, as introduced by
Beynon, or EM as ‘programming with dependency’ as developed by Roe, the contribu-
tion of the thesis is to acknowledge broader characteristics of EM activity that make it
appropriate to consider EM as a new paradigm for technology enhanced learning.

This thesis makes a significant contribution to our understanding of the benefits
of EM as an approach to learning and education. Where technology is concerned,
there has been much progress in EM’s principles and tools, supported by evidence and
examples, but the evaluation of the work from an education perspective has been limited
by current resources. More support is needed from educationalists and practictioners
to do justice to the current work in EM for learning. The aim of the thesis is to develop
a broad view of EM in support of learning in order to provide a firm base for future

work by educational researchers and practictioners in schools, universities and other



organisations.

The thesis can be roughly classified into three sections aimed at providing answers
to the three research questions.

Chapters 1, 2 & 3 are concerned with why EM might be of benefit to learning and ed-
ucation. In Chapter 1, some issues in educational technology are highlighted that have
led to a paradigm conflict between learning using computers and learning in an informal
everyday sense, and between the potential for enhanced learning afiorded by technol-
ogy and the constraints of old-style educational practice. An attitude to learning is
described, characterised as experimental, flexible and meaningful, to which educational
technology might aspire in order to alleviate issues in the paradigm conflict. Chapter 2
introduces EM as a computer-based approach to model-building well-aligned to sup-
porting learning with experimental, flexible and meaningful characteristics—providing
an answer for ‘why EM?’. Chapter 3 clearly distinguishes EM from programming,
explaining ‘why’ EM offers a greater potential—over traditional software development
and use—for supporting learning as characterised, and compares EM closely to model-
building using spreadsheets.

Chapters 4 & 5 are concerned with where EM can benefit learning. In Chapter 4, ap-
plications of EM to teaching and learning in computer science are explored with specific
reference to supporting experimental, flexible and meaningful characteristics of learn-
ing in topics from databases, computer graphics and artificial intelligence. Chapter 5
identifies examples of EM support for learning in other subject areas, with a specific ex-
ample from language learning, for teaching through presentations, for lifelong learning
and for collaborative learning. These two chapters contribute to demonstrating ‘where’
EM might support learning.

Chapter 6 contributes to the ‘how’ section by providing examples and evidence how
EM can benefit learning and education. Chapter 6 examines empirical evidence from
projects and coursework undertaken by students in computer science at Warwick.

The thesis concludes with Chapter 7 which aims to bring together all three sections—
the motivations from Chapters 1, 2 &, 3, the principles and tools from Chapters 4 & 3,
and the evidence from Chapter 6—as depicted in Figure 0. Chapter 7 considers EM’s
support for learning from a constructivist viewpoint, resulting in all the elements of

EM for learning being brought together in a vision for ‘constructivist computing’.



Chapter 1

Paradigmatic challenges for
educational technology

“All social movements involve conflicts which are reflected intellectually in
controversies. It would not be a sign of health if such an important social
interest as education were not also an arena of struggles, practical and
theoretical.” John Dewey [Dew59:pv]

The aim of this chapter is to highlight that, despite the hype, there are some difh-
culties with the application of educational technology (ET). I shall concentrate on the
need for ET to offer more of the experimental, flexible and meaningful characteristics
of everyday learning in the world. Current ET struggles to address this issue because
of a ‘paradigm conflict’ between learning with computers and learning in an everyday
sense. The ‘conceptual challenges’, as opposed to implementation or political chal-
lenges, concern the need to bridge the gap between computing activity and learning as
a sense-making activity. To overcome these challenges, eight significant characteristics
of learning are introduced that ET should aspire to support. The remainder of the
thesis explores an approach to computing, Empirical Modelling (EM), that aims to

support these characteristics.

1.1 Educational technology and paradigmatic conflicts

1.1.1 What is educational technology?

Educational technology (ET), e-learning, Information and Communication Technol-
ogy (ICT), and Computer Aided Learning (CAL) are all terms that refer to a very

wide range of computer-related technologies that support teaching or learning. They



include the use of multimedia CD-ROMs, web-based teaching materials, discussion
boards, collaborative software, e-mail, blogs, wikis, chat software, computer aided as-
sessment software, educational animation, simulations, games, learning management
software, intelligent tutoring systems, integrated learning systems, mobile learning, to
name just a few. A description of educational technologies by the Joint Information
Systems Committee identifies a wide range of activities in which computers may be
of assistance, from blended learning where traditional learning is combined with tech-
nology, to learning that is completely delivered through a computer [JISC04]. Some
potential benefits of ET are identified as [JISC04]:

e learning material and support can be accessed from anywhere (assuming appro-

priate technology is available);
e learning material and support can be accessed at any time;
e feedback from learning can be instantaneous;

e collaborative tools allow learning to extend beyond the current physical location

(using the Internet for example);

¢ learning material and support can extend the potential of traditional learning

environments;
e learning material and support using technology can be fun.

While it is clear that ET can have a positive effect on learning, the benefits highlighted
above paint a picture of technology as providing better delivery and communication

mechanisms (with the exception of the benefit of technology being fun).

1.1.2 The reality of educational technology in the educational
system

Technology is seeﬁ by many as a way of improving education. Figures within the
British government have indicated that technology will drive improvements in learning
and education. Jim Knight, Minister of State for Schools, in his 2007 BETT Conference
speech [Kni07] declared that: “Technology will be a vital part of our drive to securing
higher standards and better schools for all.” The Gilbert Report [Gil07], presented to

the Secretary of State as a vision for learning in 2020, states clearly that “technology
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influences what, how and why children learn”. In a survey on the progress of education
in Britain [GdCO05], Green, de Waal & Cackett point out that expenditure on education
has risen by 5% each year since 2000, with increasingly more of each budget being
spent on technology. According to advice presented to the government, ET is supposed
to enable us to learn what we want, when we want [Gil07]—and the government is
equally enthusiastic with one senior member ambitiously declaring that education with
technology has the potential to be “the great liberating force in providing opportunity
to all” [BECO07].

Although there i1s widespread acceptance that technology can bring benefits to ed-
ucation, there is some concern whether current technology is of actual benefit. In the
UK, the common criticism that ET is ineffective due to lack of government funding
comes at a time when expenditure on education is increasing and overall expenditure is
above the European average [GdC05). Albirini, in a paper on the crisis in educational
technology [Alb07], highlights the growing scepticism surrounding the value of ET: “De-
spite huge expenditure, wide experimentation and research, and discursive enthusiasm,
educational technology has failed to show substantial benefits to the field”. Following
this, he adds that “efforts to explain and subsequently resolve the crisis of educational
technology have centered mainly on the material obstacles to the implementation of
educational technology in schools”, such as lack of funds, inadequate planning, short-
age of computing expertise, insufficient teacher support, and a fear of security and
misuse. Albirini, however, is more concerned that “the real causes of the crisis extend
beyond these concrete problems to more theoretical issues related to the ‘identity’ of
educational technology, its theoretical assumptions, and its paradigmatic conflict with

education” (my italics) [Alb07).

1.1.3 Explaining the crisis

Education technology has been promoted as having the potential to transform educa-
tion, with the same revolutionary and reformist attitude with which the information
age transformed the industrial age [Alb07]. Albirini explains that the drivers behind
the information age were stand-alone tools that automated the human element to some
extent, putting the focus on the computer not the person to do the job. While this has

been successful in industry, education has not been able to accommodate this approach



and holds on to a more structured dependable industrial system controlled by a hu-
man element [Alb07]. Thus, Albirini argues, the ‘identity’ of technology is questioned
in education as it has not yet shown the revolutionary or reformist role with which
it is associated. The second issue that Albirini considers is the disparity between the
assumptions of ET and those of education [Alb07]. Educational technology aims to
remove the structure of the classroom, decentralise access to tuition, increase access
to material, and enhance student collaboration and exploration [Alb07]. The conflict
arises because education is founded upon a top-down hierarchical structure from the
educational authority right down to the classroom, linearly organised activities, the pre-
sentation of prescribed material, and teacher-to-student interaction [Alb07]. Albirini
views the mismatch between these assumptions as a major obstacle to the integration
of ET in classrooms.

Findings by Goodson and Mangan [GM95| suggest that the demands of computer
use on existing learning environments (e.g. schools) lead to a ‘culture clash’ between the
computer and many areas of the curriculum. They reason that, due to the pedagogical
and organisational changes that computer use dictates, some subjects in the curriculum
are unlikely to be compatible with the use of computers. Selwyn [Sel99] discusses the
attitudes of 16-19 year old students to computers in the classroom, and his findings
show that attitudes vary mainly according to subject areas as well as student access to
computers. These findings suggest that ET, and its designers, should be more sensitive
to not only the paradigm of learning, but also the differences in culture across a wide
range of learning situations and environments.

Albirini says that in the end we have to choose whether we shall stick with our
industrial system for education, or if instead we should develop a new paradigm for
education that is more aligned to technology and the information age [Alb07]. From
Shaffer & Kaput’s point of view, a new paradigm is already developing [SK99]. In their
evolutionary perspective on technology and mathematics education, they argue that
a new cognitive culture, which they term ‘virtual culture’, is developing based on the
use technology for the externalisation of symbolic processing [SK99]. Shaffer & Kaput
view ‘virtual culture’ as a fifth stage that follows on from Merlin Donald’s acclaimed
analysis of human culture into four distinct cognitive development stages over a period

of at least three million years {SKK99]. Donald’s fourth stage is identified as ‘theoretic



culture’ or culture based on external representations such as written symbols [Don91].
The development of the cognitive ability to use external representations made it possible
for humans to keep records, as well as reflect on the interrelationships among recorded
ideas, and Donald suggests that modern scientific culture developed from the existence
of external notations for thinking [Don91:p320]. Shaffer & Kaput’s fifth stage differs
from the fourth stage in that human beings have developed the cognitive ability to
use external processing (as a consequence of technological developments) [SK99]. The
simple example given is that of a spell-checker which performs a processing task that
would have previously been performed by a person [SK99]. At the present time, we
are only at the very beginning of ‘virtual culture’, given that ‘theoretical culture’ goes
back around 30,000 years [SK99]. Shaffer & Kaput explore the possible changes in
mathematicé education that may result if this new virtual culture develops [SK99|, and
if they are correct then we are, as Albirini says [Alb07], on the verge of a new paradigm
for education.

The prospects of a new paradigm for education are further emphasised by Riley
[Ril07], a researcher in the history of education and pedagogic innovation. Riley ex-
plains the use of ET as fitting into three idealised classes: functional substitution,
functional delegation, and functional innovation {Ril07]. Functional substitution is as-
sociated with the typical use of multimedia, where previous mediums of transmission
are replaced by technology for (e.g.) more realistic graphics. Functional delegation is
associated with the use of word processors, spreadsheets, and other generic software
that can simplify the concerns of the teacher or student as tasks are delegated to the
computer. Both of these uses of ET have been relatively well-explored. The third classi-
fication of use is functional innovation, which has so far been associated primarily with
computer modelling. Models can serve as “a way of thinking, a means of expression,
and a subject of investigation” [Ril07]. The functional innovation use of ET is what
Riley views as having the potential to significantly change education because it involves
for the first time putting ‘heads and computers together’ [Ril07]. Riley suggests that
the full character of functional innovation has yet to be realised and if it does evolve
into the new paradigm for education then the change may be measured in generations

rather than decades.
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1.1.4 Unravelling the paradigm conflict

The above discussion highlights one aspect to the paradigm conflict that there is a
mismatch between the rich potential for enhanced learning afforded by new technology
and the constraints of old-style educational practice. However, the focus of this thesis
is at a more practical or technical level. My interest—and the link with EM—is in
how ET can be developed to overcome the conflict and mismatch, or to support a new
paradigm for education. Such changes or developments, as noticed by Riley, occur
on a macro-level over long periods of time, whereas on a micro-level of interactions
among students, change in ET can have an immediate effect [Ril07]. Therefore, the
task is to consider the paradigm conflict at a primitive level, in particular at the level
of characteristics of learning that ET can aim to achieve, which may eventually lead to
new practices and a new parﬁdigm for education.

In some respects Albirini’s explanation of the paradigm conflict [Alb07] is too loose
to be able to offer any suggestions for improving ET. However the theoretical issues
he highlights are echoed in Jonassen’s concerns towards educational technologists in
his book entitled Modeling with Technology [Jon06]. Jonassen states more clearly that
a major problem with ET is that educational technologists have assumed that if you
create lessons that use technology and show them to students then they will learn
[Jon0G:pxiii]. Under these theoretical assumptions the purpose of the technology is to
communicate ideas to learners, thus replacing the role of the teacher. As a technologist
(or computer scientist), the primary challenge is to make the communication as efficient
and effective as possible, as can be seen from the benefits that JISC proclaim [JISC04].
The reason that problems arise, as stated by Jonassen, is that “students do not learn
from technology; they learn from thinking” [Jon06:pxiii]. Therefore a tension exists
between those concerned with the benefits of technology enhanced learning and those
interested in how we learn. Jonassen’s work is special in this respect as he starts the
premise that meaningful learning involves conceptual change and then he goes on to
show how modelling with technology can bring about conceptual change.

Jonassen’s notion of conceptual change originates from the work of educational psy-
chologists Strike & Posner [SP85]. The basis for viewing learning as conceptual change
begins with the assumption that humans are natural theory builders; from an early age

we build “intuitive personal theories” to explain the external world in which we live
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[Jon06:p4]. When these theories, or concepts, conflict with new experiences or cannot
be used to solve problems then change can sometimes occur [Jon06:p5]. As Jonassen
describes, “Conceptual change occurs when learners change their understanding of the
concepts they use and of the conceptual frameworks that encompass them.” {Jon06:p4].
For Jonassen, this change occurs best when learners are engaged with building models.

If a conceptual change view of learning is adopted then the focus of education
should be on creating experiences that ‘prod’ at our current concepts and make us
reconsider our personal theories in everyday life—what we need is an approach to
learning emphasising everyday sense-making.

This leads to two tensions in the paradigm conflict: the difficulties of technology
enhanced learning stem from the mismatch on a high-level between the rich poten-
tial for enhanced learning afforded by new technology and the constraints of old-style
educational practice; and also between formalised virtual learning environments and
everyday sense-making.

The first tension in the paradigm conflict results in ET being concerned with higher-
level issues of transmission, delivery and communication. This leads to the second
tension that ET is not appropriate for everyday sense-making or learning in everyday
situations which is actually concerned with the primitive activity of conceptual change.
The paradigm conflict can be examined in more detail by comparing the nature of
‘learning with ET’ and ‘learning in the world’ in an everyday sense. Contrasting Fig-
ure 1.2 with Figure 1.1 illustrates the differences between these two paradigms that
many educational technologists are attempting to combine.

The issues resulting from attempting to mix ‘learning with ET’ and ‘learning in
the world’—as depicted in Figure 1.2 and Figure 1.1—suggest ET lacks attention to
the primitive aspects of learning in the world. These aspects are not difficult to find,
they are a part of everyday living, and are evident from the things we learn in the
world on a day-to-day basis. It is learning that means something to us, or enables us
to do something. It is learning that brings about conceptual change {Jon06]. Some of
the relevant characteristics of such learning is what I shall attempt to describe in the
next section. Carl Rogers, best known for his role in the development of client-centred
therapy or counselling, might describe this everyday learning as ‘significant learning’

referring to its characteristics as a genuine type of learning [Rog61]. By this Rogers
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Figure 1.1: Learning in the world in everyday life.

means “learning which is more than an accumulation of facts ... it is learning which
makes a difference —in the individual’s behaviour, in the course of actions he chooses
in the future, in his attitudes and in his personality” [Rog61:p280]. The struggle to
construct this thesis is an example of the learning that is apparent in the problems of
our everyday lives. We juggle ideas, try to formalise our thoughts, experiment with
trials, modify our model based on errors or mistakes—these aspects are familiar to
everyday activities. (This thesis represents only the outcome of a learning process which
has involved a significant amount of experimentation, trial and error, wrestling with
thoughts and formulating new ideas.) The relevant properties of everyday learning are
that the learning space is not well-defined, it is open to external and social influences,
the learning may take many directions, the possibilities are endless, the learning space
contains an infinite amount of material, there are no preconceived paths for the learning,
and it is the activity of learning—not the outcome —that is important. Figure 1.1
attempts to illustrate the nature of everyday learning in the world: that the learning
ebbs and flows with one’s life in response to internal and external influences.

The problems with existing ET surround an attachment to learning as transmission,
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delivery, and communication [Jon06|, as well as being built on a foundation of computer
science. The properties of learning with ET are that the learner is categorised according
to a formally defined status, the learning space is well-defined, the learning space can
only be changed by the teacher who specifies the requirements and the developer who
implements the requirements. Thus the learner can only explore a fixed number of
preconceived learning paths, containing a finite number of possibilities, leading to a
specific learning outcome, the result of which is often treated more important than the
activity of learning. Figure 1.2 shows the nature of learning with ET. Such learning does
not encourage the making of meaning, or ‘significant learning’ as Rogers describes, 1n
an individual as put bluntly by Jonassen: “Technology-centric approaches to education
ignore the sole purpose of technology in classrooms: to support meaningful learning.”
[Jon06:pxiii].

Jonassen’s suggestion, which shall be followed up in this thesis, is that “rather than
analyzing how technology can teach better, educators need to consider how students
must think to learn most meaningfully.” [Jon06:xiii]. Put in the terms used in this

thesis, in order to resolve the paradigm conflict, ET must support learning on a more

primitive everyday level.
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1.2 Eight significant characteristics of learning

In order for EM to challenge the current approaches to technology enhanced learning,
the above discussion points to the need to focus on supporting the primitive aspects
of learning that occur in everyday situations. This section introduces eight significant
characteristics of learning that feature in everyday learning.

The eight characteristics are the result of the observed need to make ‘learning with
T’ as depicted in Figure 1.2 more like ‘everyday learning’ as depicted in Figure 1.1.
These characteristics reflect the kind of learning that ET should promote in order
to alleviate the tensions surrounding the paradigm conflict. This section introduces
each characteristic in relation to theories of learning originating from a wide range of
educational and philosophical thinkers. As introduced in the next chapter, the eight
significant characteristics of learning share a close affinity with the characteristics of
M.

The eight characteristics are broken down into three strands. The first of these
strands, explained by the first three characteristics, views learning as essentially ez-
perimental, both on a practical level and in terms of knowledge. The second strand
is associated with a view of learning as open-ended or flezible, as described by the
middle two characteristics. The last strand is associated with learning that is relevant
or meaningful to the learner, as implied by the last three characteristics. Figure 1.3

illustrates the breakdown of the eight significant characteristics of learning.
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1.2.1 Learning occurs when constructing artefacts in the world

The first characteristic to be described is one that is particularly relevant to ET. It
has its roots in ‘learning by making’ and was first explained by computer scientist and
educator Seymour Papert as constructionism. The idea behind constructionism is that
learning occurs “especially felicitously in a context where the learner is consciously
engaged in constructing a public entity, whether it’s a sand castle on the beach or
a theory of the universe” [PH91]. Papert claims that the constructionist idea is an
extension of constructivism, in that the latter is concerned with the construction in
the head and the former links this to construction in the world. However, given the
many conflicting flavours of constructivism (discussed further in Chapter 7), I shall
avoid describing constructivism and simply talk about constructionism as an activity
in which the construction of artefacts in the world can lead to the development of
understanding. Papert’s particular emphasis is on the construction of artefacts using
computers, such as the LOGO environment [Pap80].

The concept of ‘learning by doing’ only captures Papert’s idea of constructionism
in very general terms. ‘Learning by doing’ as an idea has a long history—the great
Chinese philosopher Confucius is widely attributed as having said “I hear and I forget.
I see and I remember. I do and I understand.” and Aristotle is quoted as having said
“What we have to learn to do, we learn by doing.” [Aril2]. Although Papert might be
more likely to think of constructionism as ‘learning by making’, both forms of thinking
absolve the teacher somewhat from their traditional teaching role. Such ideas are linked

to the great education reformist John Dewey:

“I believe that much of the time and attention now given to the preparation
and presentation of lessons might be more wisely and profitably expended
in training the child’s power of imagery and in seeing to it that he was con-
tinually forming definite, vivid, and growing images of the various subjects
with which he comes in contact in his experience.” [Dwo059:p29]

Through Dewey we can see that construction can be linked to imagination and the
forming of ideas. It is Dewey that argues for the importance of learners being able to
investigate things for themselves, and not take the teachers’ words as absolute. The
role of the teacher (and now, of ET) is not to constrain the thinking of the student,
but to prompt in the student’s imagination the construction of new ideas in relation to

their everyday experience.
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Creativity therefore plays an important role in learning when there is an emphasis on
constructing. Negus & Pickering, in a book devoted to explaining creativity [NP04:p22],
discuss the nature of creative experiences being something often not describable but
‘intensely felt’ in the same way that Confucius sees true understanding as only arising
out of doing. Negus & Pickering quote the controversial American poet John Ashbery
as saying, “If I did not write, I would have no idea of what I can write. I suppose that
I write so as to find what I have to write.” [NPO04:c4]. The close connection between
creativity, imagination and significant learning is reflected in constructionism. Papert
believes strongly that these elements should be imbued in ET as emphasised in a talk
relating to educational change: “Wild imagination, passion, being close to nature, and
believing in magic—that is what we need. I think these are all the elements that we
need to bring into the otherwise cold version of use of computers called ‘ICT".” [PSO05].

Papert’s constructionism and the idea of learning by doing highlight very general
practices that may bring about change in education. Riley’s idealised use of ET for
functional innovation [Ril07] provides a more focussed idea based upon ‘learning by
building models’ as discussed earlier in this chapter. Riley takes up Jonassen’s stand-
point that model-building brings about ‘conceptual change’ in the learner, and further
argues that model-building offers the potential for cultural change in education [Ril07].
Jonassen demonstrates on a primitive level that modelling environments are tools for
‘conceptual change’ that can bring about significant learning [Jon06]. In this scheme
a wide variety of computer-based tools can be used for learning, such as spreadsheets,
databases, and concept maps, so long as there is an element of model construction.
Jonassen’s main justification for this thesis is that ‘if we cannot construct a model then
we do not understand it’ [Jon06].

A criticism of constructionism and learning by doing is that if a child is allowed
the freedom to build whatever they like then there is no guarantee that the learner
will engage with the material that is required by the curriculum. This is evidence
that constructionism alone is not a solution to bridging the gap between education and
educational technology. Thus these eight significant characteristics of learning offer a
holistic approach for thinking about education that is well-aligned to computer-based

model-building.
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1.2.2 Learning involves an active construction of understanding

The idea that a learner actively constructs their own understanding is partly repre-
sented in the old adage “you can lead a horse to water but you cannot make him
drink”, meaning that a teacher can provide information and demonstrate skills but
the student must be active to develop an understanding so that they can benefit from
the teaching. Bruner, an influential cognitive psychologist, suggests that learners who
actively engage with the domain are more likely to be able to recall information and
apply the understanding in different contexts or to new domains [Bru66]. The following

quote from Bruner captures this characteristic of learning:

“To instruct someone... is not a matter of getting him to commit results
to,mind. Rather, it is to teach him to participate in the process that
makes possible the establishment of knowledge. We teach a subject not to
produce little living libraries on that subject, but rather to get a student to
think mathematically for himself, to consider matters as a historian does,
to take part in the process of knowledge-getting. Knowing is a process not

a product.” [Bru66:p72]

Swiss biologist and psychologist Piaget first described what later became known as
constructivism in his theory of cognitive development, proposing that the world is not
full of latent knowledge ready to be gleened, but that learners construct understanding
for themselves [Pia71]. Knowledge, or understanding, is built up through experiences
and intelligence is shaped by experience. Piaget describes two processes that occur
whenever an experience occurs: assimilation and accommodation [Pia71]. Accommo-
dation is the process of accommodating a concept in the mind to an experience in the
world [Pia71]. An experience changes previous understanding of things (changing an
idea in the mind). Assimilation is the process of assimilating an experience in the world
to a concept in the mind [Pia71]. In other words, an experience is ‘squeezed’ to fit in
with previous experiences and understanding of things (thus reinforcing an idea in the
mind).

Piaget’s later work began to address problems in education, and he was critical
of school as a means of leading a child “to resemble the typical adult of his society”
[Bri80:p132|. Instead, he suggested that education should be about “making creators...
You have to make inventors, innovators, not conformists” [Bri80:p132|. Thus support-

ing learning as an active process.
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Further support for learning as active construction is found in other conceptions of
learning such as given by the Austrian philosopher of science Popper [Pop72]. Edu-
cationalists Swann and Burgess argue that Popper’s learning theory can be of benefit
in todays’ education systems: “the educator with a prescribed learning agenda must
also come to terms with the fact that there is no direct transfer of ideas from her to
the would-be learners. Therefore, the would-be learners still need the opportunity to
engage in trial and error-elimination, and they must have the will to do so.” [SB05:p15]
Even with a behaviourist conception of learning, such as given by Skinner [Ski74], ac-
tive learning is encouraged because the learner must actively engage with a behaviour
(or repetitions of a behaviour) in order to strengthen (or weaken) a skill, understanding

or behaviour.

1.2.3 Learning results from realising the unknown

This characteristic recognises that learning is often random and can take place when and
where it is least expected. As expressed in the quote by A.A. Milne, author of Winnie
the Pool, “One of the advantages of being disorderly is that one is constantly making
exciting discoveries.” In terms of scientific discoveries, when performing experiments
it is not the elements that are understood that are of interest but the phenomena that
are surprising and do not fit the hypothesis. However, it is essential to exercise the
predictable patterns of agency in order to realise the unknown. It is when the unknown
aspects of understanding are realised that some significant discovery (or learning) can
take place. In a study of model-building in humanities [McC03], Willard McCarty
uses the word ‘residue’ to describe the unresolved—but useful—issues that arise from
building models and making formalisationst. It is the bit that is left over, the residue,
that provides valuable learning experiences. These sentiments are expressed by the
American educational theorist Kolb in his account of experiential learning [Kol84}:

“I move through my daily round of tasks and meetings with a fair sense of

what the issues are, of what others are saying and thinking, and with ideas

about what actions to take. Yet I am occasionally upended by unforeseen

circumstances, miscommunications, and dreadful miscalculations. It is in

this interplay between expectation and experience that learning occurs.’
[Kol84:p28]

"“modelling treats the ill-fitting residue of formalization as meaningfully problematic and problema-
tizing” [McCO03]
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William James, a philosopher who spoke widely on the subject of experience and
whose work shall become more familiar in the course of this thesis, said that there are
two ways in which we take new ideas on-board from others: when we hear a new idea,
either it fits in with our previous understanding or it contradicts our previous experience
[Jam92]. Sometimes the idea is too far removed from our existing experiences (we have
nothing to compare or associate with it) and then, as long as it is from a credible
source, it is generally accepted [Jam92]. This type of learning is without first-hand
experience of the idea that is being learned (cf. learning by rote). Learning which
involves examining objects, phenomena, and situations for one’s self—an experiential
form of learning in line with activity as described in Kolb’s learning cycle [Kol84]—leads
to personal understanding because it is experienced experimentally first-hand. Just as
Plato said, “knowledge will not come from teaching but from questioning” [Pla55],
so too it is an important characteristic of learning that the residue (the unknown) is
realised and examined.

The idea that the residue is where the learning occurs further relates to Popper’s
theory, as explained by Swann & Burgess [SB05]. Popper’s account of learning is
described in terms of creative imagination—the process of taking a problem, forming
a trial solution, and then observing the error in the solution, leading on to another
problem [SB05]. Following from this, it is explained that the educators role is “to
encourage would-be learners to engage in open-ended trial and error-elimination”. This
is in order “to identify mismatches between their current expectations and experience”
[SBO5].

In his book Learning to Learn, Novak states that “meaningful learning involves
the assimilation of new concepts and propositions into existing cognitive structures.”
[Nov84:p7]. Novak’s work is based on the assimilation theory of Ausubel, a psychologist
and follower of Piaget, who stressed the importance of prior knowledge in being able
to learn new concepts: “The most important single factor influencing learning is what
the learner already knows. Ascertain this and teach accordingly.” [Aus68]. Therefore
this characteristic is not solely about going in search of the unknown, but also the
need to look at what is already known, in order to realise the unknown. Vygotsky’s
Zone of Proximal Development [Vyg78] is a way to describe the ‘current’ residue, for

it is the perception of ‘stuff’ on the boundary of the learner’s attention that is not yet
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understood.

1.2.4 Learning need not follow a preconceived path

Learning can be spontaneous in the same way that our experience is. Learning can

be altogether unstructured. At any one moment there is no knowing what the next
moment will bring. There is no knowing what subject will take our attention, what
questions will be raised in our mind, what personal feelings will arise. Neither the
teacher, nor the learner himself, can predict what path their learning will take.

Contrast the above statement with the reality of schools and education systems.
The curriculum not only sets out what should be learnt, but the order and timing of
what is to be learnt. Every student is expected to follow the exact same pattern, the
same preconceived path. It seems clear that an experimental approach to learning, as
expounded in §1.2.1-8§1.2.3, cannot be aligned to a traditional approach to education.
The need for open-ended and flexible experimentation is essential.

Kolb, in his introduction to experiential learning, says that human beings are special
in their ability to identify and adapt to change [Kol84:pl], just as Darwin claims in his
most famous work, On the Origin of Species: “It is not the strongest of the species that
survive, nor the most intelligent, but the ones most responsive to change” [Dar59]. For
Kolb, “learning is the major process of human adaptation” [Kol84:p32]. Therefore the
aim of traditional education, defined by Dewey as the acquisition of the essentially static
knowledge incorporated in books and the heads of elders [Dew59:p5], is contradictory to
experiential learning [Kol84:p32}. Kolb’s thinking resonates with Rogers’ observation
of his own education that significant learning occurs when we are most open to change
[Rog61].

It should perhaps be made clear that Kolb or Dewey or Rogers are not advocating
that the teacher is redundant and that the student should have complete control of
their learning. As Dewey points out, “on the contrary, basing education upon personal
experience may mean more multiplied and more intimate contacts between the mature
and the immature than ever existed in the traditional school, and consequently more,
rather than less, guidance by others.” [Dew59:p8]

The characteristic of learning drawn from this section is that learning need not follow

a preconceived path, that a process of adaptation should be respected for significant
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learning to occur.

1.2.5 Learning can occur without prescribed outcomes

It is Dewey who points out that traditional education is concerned with learning that
has a prescribed outcome: “The subject-matter of education consists of bodies of infor-
mation and of skills that have been worked out in the past; therefore, the chief business
of the school is to transmit them to the new generation” [Dew59:p2|. This, in Dewey’s
opinion, is the wrong view for an educational system that is supposed to be conducive
to developing a democratic society. In a traditional system of education the outcomes
are prescribed by a higher authority and forced upon the student. Exploration, self-
discovery, and personal learning are not encouraged in such a system unless they are
within the confines of the prescribed.

Rogers, in his personal account of education {Rog61], takes a strong position against
prescribed outcomes: “It seems to me that anything that can be taught to another
is relatively inconsequential, and has little or no significant influence on behavior”.
Rogers’ use of the word ‘significant’ reflects the importance of learning being linked
to changing behaviour and thus that ‘significant learning’ is what is important for
education. It is this type of learning that occurs without a prescribed outcome: “I
have come to feel that the only learning which significantly influences behavior is self-
discovered, self-appropriated learning.” [Rog61].

Kolb builds on Dewey’s idea for education without prescribed outcomes. Kolb
says that the emphasis on the activity not the outcome is what distinguishes experi-
ential learning theory from traditional education and behavioural theories {Kol84:p26].
As discussed in §1.2.4, Kolb talks of learning as a process where the emphasis is on
adaptation and not content or outcomes. Thus, this characteristic of learning moves
away from a view of knowledge as certain and to-be-received, to a view of learning as
open-ended and flexible.

A caution by Dewey on the characteristic of learning as not having prescribed
outcomes is that complete ignorance of outcomes may also not be the correct approach
(if morality is ignored for example) [Dew59:p17]. Thus, this characteristic is described

as ‘learning can occur without prescribed outcomes’.
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1.2.6 Learning is motivated by personal interest

Most teachers would agree that it is easier to teach a subject the student is interested
in than one that the student is not interested in. This phenomena is not only found in
education, but at a more primitive level, as James describes in Psychology: “Conscious-
ness is always interested more in one part of its object than in another, and welcomes
and rejects, or chooses, all the while it thinks.” [Jam92:p170]. It is part of the human
condition that we select to investigate that which interests us most. What interests us

is very much a personal preference, no doubt guided by previous experience. Often we

choose that which will benefit us or, more often than not, that which gives us pleasure:

“We dissociate the elements of originally vague totals by attending to them
or noticing them alternately, of course. But what determines which element
we shall attend to first? There are two immediate and obvious answers: first,
our practical or instinctive interests; and second, our aesthetic interests.
The dog singles out of any situation its smells, and the horse its sounds,
because they may reveal facts of practical moment, and are instinctively
exciting to these several creatures. The infant notices the candle-flame or
the window, and ignores the rest of the room, because those objects give
him a vivid pleasure” [Jam92:p363]

By recognising that we show more enthusiasm for that which interests us (either
practically or aesthetically), the implication for education is that either teachers should
try to get the students interested in the subject, or teachers should only teach what the
student is interested in (what they can relate to their experience). The latter seems
more likely to succeed, as suggested by James in a later work aimed at teachers:

“From all these facts there emerges a very simple abstract program for the
teacher to follow in keeping the attention of the child: Begin with the line

of his native interests, and offer him objects that have some immediate
connection with these” [Jam25:p63]

To appeal to the students’ interests it is necessary to look for elements of a subject
that relate to the students’ previous experience, looking for material that relates to

their life. As Dewey points out, this might be something at home or at play:

“I believe that the school must represent present life—life as real and vital
to the child as that which he carries on in the home, in the neighborhood,
or on the playground.” [Dwo59:p22]

This maxim that learning be motivated by personal interest is not to say that

students must only engage with a narrowly defined static set of interests that are
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relevant to them. Individuality is not static, but is constantly changing, growing and
evolving as we encounter new experiences. This type of learning is not only concerned
with letting the students learn about what interests them, but also enabling them to
learn what it is that interests them—as proposed by Rousseau in his famous account
of education through the story of Emile [Roull].

I'rom an KT perspective, Papert acknowledges the need to take on-board the idea
that constructionist activities should be personal: “if we can find an honest place for
scientific thinking in activities that the child feels are important and personal, we shall
open doors to a more coherent, syntonic pattern of learning.” [Pap80:p98|. Only when
the learner is placed in a position of feeling some identity with scientists, for example,

will there be meaningful learning of the scientific material in a curriculum [Pap80].

1.2.7 Learning is a situated experience

This characteristic of learning acknowledges that learning takes place in a situation,
context or culture. That learning is fundamentally concerned with experience, and
experiences occur in a situation, implies learning must be linked to the context in which
the experience occurred. Dewey recognises that situations cannot be separated from
experiences [Dew59:p42]. The interdependence of a social situation and an individual’s
experience of it is expressed by Dewey thus:

“I believe that the individual who is to be educated is a social individual

and that society is an organic union of individuals. If we eliminate the social

factor from the child we are left only with an abstraction; if we eliminate

the individual factor from society, we are left only with an inert and lifeless
mass.” [Dwob9].

Bruner (introduced in §1.2.2) talks in the same way that learning is always linked
to culture: “Learning and thinking are always situated in a cultural setting and always
dependent upon the utilization of cultural resources.” [Bru96].

Prominent educational theorists Brown, Collins & Duguid [BC89] point out, in
their work on situated cognition, that students are often forced to think and to learn
about ideas and activities with a context or culture different from where the idea or
activity developed: “Unfortunately, students are too often asked to use the tools of a
discipline without being able to adopt its culture. To learn to use tools as practitioners

use them, a student, like an apprentice, must enter that community and its culture.
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Thus, in a significant way, learning is, we believe, a process of enculturation.” Brown,
Collins & Duguid [BC89] use the idea of ‘useful learning being like an apprenticeship’
to emphasise that the learning is an activity with a particular context or situation:
“the term apprenticeship helps to emphasize the centrality of activity in learning and
knowledge and highlights the inherently context dependent, situated, and enculturating
nature of learning.” These ideas relate very closely to Lave and Wenger, best known for
their work on situated learning, who see learning as a deepening process of participation
in a community of practice [LW91].

Each of these thinkers is developing a metaphor for learning as participation. As
discussed by Sfard [Sfa98] whose interests lie in mathematics education, this metaphor
can be contrasted to the ‘acquisition metaphor’ that thinks of learning as acquiring
and having knowledge. Such materialistic thinking has been criticised by some authors
(c.g. [BC89] [LWI1]) as not leading to meaningful learning, whereas the participation
metaphor is praised with being linked to the world and our experience of it. Sfard
warns that to disregard either of these metaphors completely is a mistake, and in
some respects the ideas behind situated learning can be too extreme, just as often the
‘acquisition metaphor’ is taken too far in traditional education. It has been shown in
§1.2.2 that at least one of the significant characteristics of learning takes into account

the acquisition of understanding as an active construction process.

1.2.8 Learning is a continuous experience

This, the most primitive of the eight characteristics, acknowledges that learning and
education is bound up with the experience. As John Dewey, in the opening chapter
of Experience and KEducation pronounces: “there is an intimate and necessary relation
between the processes of actual experience and education” [Dew59:p7]. With this in
mind, Dewey recommends the need for a theory of experience in order that “education
may be intelligently conducted upon the basis of experience”.

The philosopher whose work is perhaps most concerned with a theory of experience,
and whom was most influential on Dewey, is William James. At the root of James’
principles of psychology is an idea that consciousness arises, and that our experience
can be attributed to an awareness of the succession of ‘consciousnesses’ [Jam92]. James

says that this is something that we can confirm by looking at our own experience.
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“The first and foremost concrete fact which every one will affirm to belong
to his Inner experience is the fact that consciousness of some sort goes on.
'States of mind’ succeed each other in him.” [Jam92:p152]

In his book Ezperiencing and the Creation of Meaning, Gendlin recognises that
it is difficult to describe ‘experiencing’ using language and symbols because it is the
fundamental process occurring in our minds at the most basic level [Gen97|. The best
he can do is describe situations in which we become aware of our experiencing, and
he does this by talking about the concretely present flow of feeling or felt meaning.
Gendlin’s informal experiential description serves as a simple illustration of the nature
of experience, shared by James’ philosophy:

“First, feel your body. Your body can, of course, be looked at from the

outside, but I am asking you to feel it from the inside. There you are.
There, as simply put as possible, is your experiencing of this moment, now.”

[Gen97]

Delving further into our experience, James points out that we can discern that this
sequence of ‘states of mind’ or ‘consciousness’ is not discrete, it is continuous: neither
can it be stopped and started, nor can there be any definite beginning or end to our
experiences [Jam92]. Even when we wake up first thing in the morning, the mind is
occupied with a continuation of thoughts from the previous day, or possibly a thought
resulting from a dreamy state [Jam92]. Hence James likens consciousness or experience
to a river that ebbs and flows, always continuously evolvingt:

“Consciousness, then, does not appear to itself chopped up in bits. Such
words as ‘chain’ or ‘train’ do not describe it fitly as it presents itself in the
first instance. It is nothing jointed; it flows. A ‘river’ or a ‘stream’ are the

metaphors by which it is most naturally described. In talking of it hereafter,
let us call it the stream of thought, of consciousness, or of subjective life. “

[Jam92:p159]

Dewey takes James’ principles of psychology into the domain of education by saying
that it is the continuous nature of experience that enables us to learn: “the principle
of continuity of experience means that every experience both takes up something from
those [experiences] which have gone before and modifies in some way the quality of
those [experiences] which come after.” The continuity of experience also means that

learning begins at a very carly age. Experiences during the first moments of life have

"Just as if you look at a river, even from the same point, each time the water will be different: it
will never be the same twice.
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the potential to afiect experiences in the future. Vygotsky, famous for his insights
into child development, pointed out that by the time a child reaches school age he
has already encountered, and potentially learnt from, an exceptionally large array of
experiences [Vyg78:1;)84]. He says, “children begin to study arithmetic in school, but
long beforehand they have had some experience with quantity” [Vyg78:p84]. It is wrong
to assume that a child attending school for the first time is a ‘clean slate’—the sense-
making of experience began a long time ago, and those learnings are likely to effect
experiences in school.

As Dewey pointed out, the quality of the experience has an important eflect on
the learning [Dew59:p16]. By the quality of the experience Dewey means the extent to
which the experience represents a reliable view of the world. Positive learning occurs
when the quality of the experiences is high. But things can be incorrectly learnt when
the experience is misleading, of low quality. This leads to the problem in education of
providing an environment in which the learners can have quality experiences. Dewey
does not say that traditional schooling does not give experiences, but he questions the
quality of the experience.

“Everything depends upon the quality of the experience which is had. The
quality of any experience has two aspects. There is an immediate aspect
of agrecableness or disagreeableness, and there is its influence upon later
experiences. ... Hence the central problem of an education based upon

experience is to select the kind of present experiences that live fruitfully
and creatively in subsequent experiences.” [Dew59:p16]

1.3 Implications for technology enhanced learning

The implications for technology enhanced learning that supports these eight significant
characteristics can be described in three strands: the ezperimental, the flexible, the
meaningful. Starting from the final characteristic and working backwards, constructing
artefacts with IbT provides the experimental foundation from which to explore flezible
paths towards meaningful learning, as explained below. When these three strands are

wound together they form a strong support for ET that can lead to learning in an

informal everyday sense.
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1.3.1 The experimental strand

The characteristic described in §1.2.1 forms the basis for an experimental approach to
learning, whereby ET—in the form of open-ended model-building—can support indi-
vidual learning. The next characteristic described, §1.2.2, strengthens the experimental
aspect by demonstrating that learning involves an active construction process on the
part of the individual. Once combined, the active construction of computer-based arte-
facts leads to an individual considering that which is known in order that the unknown
is realised, as described by the characteristic in §1.2.3. These three characteristics taken
together form the experimental strand.

The experimental aspect is important in ET as it provides the basic environment
from which learners can explore a domain. The experimental basis allows for many of
the influences in everyday learning, as in Figure 1.1, to play a part in the learning activ-—
ity. However, an experimental approach alone is not enough because ‘you cannot make
something out of nothing’. In order that there are significant implications for learning,
it is essential that the approach is also flexible (in terms of the paths and outcomes)

and meaningful (as in linked to personal interests, situations and experiences).

1.3.2 The flexible strand

The middle two characteristics of the eight bring an essence of flexibility to the approach
to learning. With the characteristic described in §1.2.4 it is stressed that learning need
not necessarily follow a certain pre-defined path, but that an individual should be able
to find their own path for their own learning. The other characteristic, described in
§1.2.5, strengthens the flexible aspect further by relinquishing the idea that learning
should have a prescribed outcome.

The implications of a flexible approach are that many of the constraints usually
associated with ET (as shown in Figure 1.2) can be forgotten and the learner can enjoy
more the freedom of learning in the everyday sense. Learning supported by ET with
these two characteristics does not view the outcome as being with the computer or

confined to the computer, ET is the support for learning that is flexibly under the

control of the learner.
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1.3.3 The meaningful strand

The final strand of the eight significant characteristics of learning involves the last
three characteristics, and is the most important as it is the foundation for everyday
learning. The characteristic described in §1.2.6 is concerned with making learning
meaningful by stating that an individual’s personal interest plays a part in learning.
In the characteristic described in §1.2.7 it is recognised that learning takes place in a
particular situation, context and culture which has meaning for the individual. The last
characteristic described, §1.2.8, dealt with the basic tenet that learning is a continuous
experience which flows with, and has meaning for, the individual. Each of these three
characteristics imply learning that is meaningful or relevant for the individual.

ET that supports these three characteristics has significant implications for learning

that is meaningful. The meaningful strand supports more of the everyday aspect of
learning, shown in Figure 1.1, as it recognises the unique experience, background and
interests of the learner, as well as the external and social influences that effect the

learners experience.

As highlighted above, ET that respects these eight significant characteristics of
learning is appropriate for liberating the experimental, flexible and meaningful aspects
of everyday learning. In the next chapter, Empirical Modelling is suggested as a suit-
able ET for emphasising the eight characteristics and supporting learning that is better

aligned to the experimental, flexible and meaningful aspects when compared to tradi-

tional KT.
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Chapter 2

Empirical Modelling in support
of learning

The challenge introduced in Chapter 1 is for educational technology to support more of
the everyday aspect of learning that is evident in the eight significant characteristics of
learning. The following introduction to Empirical Modelling describes the principles,
tools and characteristics that are fundamental to Empirical Modelling practice, and
which have strong connections with the eight significant characteristics of learning

described in Chapter 1.

2.1 Introduction to Empirical Modelling

2.1.1 Modelling state-as-experienced

Empirical Modelling (EM) is a collection of principles and tools that are fundamentally
concerned with modelling state. In computer science, state is usually associated with
the specification of formalised abstract behaviours. This view of state is concerned
with procedures for preconceived interaction, all of which are objectively interpreted
with respect to the computer as a ‘state machine’. EM is concerned with state in a
much broader sense. When referring to modelling state in EM, it means state in its
more everyday sense—that is, the condition or status of things as they are subjectively
and empirically apprehended. This type of state, which Beynon refers to as state-

as-czperienced [Bey07a), is open to many kinds of interpretation based on personal

observations and experiences.

As an approach to computer-based modelling, EM is not primarily aimed at de-
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veloping abstract behaviours. EM is concerned with constructing and engaging with
concrete situntions using computer-based artefacts. To achieve this, EM activity is fo-
cussed on creating computer-based artefacts that capture state-as-experienced. These
artefacts (or models) typically offer the flexibility of human interaction in the world,
in contrast to the rigid tightly-constrained behaviour of a computer program. For this
reason, EM artefacts often invoke personal, subjective, particular, provisional and tacit
interpretations that reflect the open-ended nature of human interaction.

The construction of computer-based artefacts for modelling state-as-experienced is
underpinned by well-cstablished principles defined by Beynon & Russ [EMW]. These
principles are predicated on the basis that an artefact is a collection things that can be
observed—called observables—and that have counterparts in a set of definitions in the

computer. Each definition takes the form:

V1S f(;rh ---ixll)

where xy, ..., 7y correspond to observables, and the value of v is updated instantaneously
whenever zy, ..., 1, change. In this way, a set of definitions can be viewed as representing
a state together with a fnmily of atomic state-changes. Artefacts are then constructed
in o fluid activity involving the creation and manipulation of definitions. The act of
creating a definition, or making u redefinition, represents a state-change. Meanings
and relationships develop through interaction with the artefact occurring from state-
change. ‘This continuous activity develops a closer and closer correspondence between
the artefoct and the set of definitions.

To differentinte EM artefacts from more general terms, such as ‘models’ and ‘pro-
grams', the term ‘coustrual’, as interpreted by David Gooding, has been adopted by
Beynon [Bey07a]. Gooding's use of the word ‘construal’ refers to the artefacts and the
interaction with the arteflacts that are developed by experimental scientists in the early
stages of exploration of phenomena:

“Construals are a means of interpreting unfamiliar experience and com-
wunicating one's trinl interpretations. Construals are practical, situational
and often concrete. They belong to the pre-verbal context of ostensive prac-
tices." [Goo90:p22); “... a construal cannot be grasped independently of the
exploratory behaviour that produces it or the ostensive practices whereby

an observer tries to convey it." [Goo90:p88]. (Something ostensive is direct
or demonstrative [OED:ostensive).)
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Figure 2.1: The nature of EM activity.

In the same sense, an EM construal can refer to all aspects of an artefact, including
the current set of definitions, the history of interactions or redefinitions, and the rela-
tionships between experiences with (or expectations of) the artefact and experiences
with (or expectations of) the world. Therefore, EM construals are personal, subjective,
particular to circumstances, provisional and tacit [Bey07a].

When construals correspond closely with a situation that is familiar and well un-
derstood, we can interpret this to mean that there are well-established patterns of
interaction —this will be referred to as ritualised interaction because, due to repetition,
the interaction with the artefact becomes stereotypical and automatic. Traditional
programming is concerned with creating artefacts that support such ritualised inter-
action. The nature of EM activity means that it is well-suited to interaction that is
prior to ritualisation. Such interaction is speculative and exploratory, and might in-
volve the negotiating of meaning in situations that are not familiar or well understood.
The character of interaction prior to ritualisation is illustrated in the left-hand side
of Figure 2.1. In such interaction, it is appropriate for the construal to be personal,
subjective, particular to circumstances, provisional and tacit.

The right-hand side of Figure 2.1 illustrates interaction that has been ritualised,
where the construal corresponds closely to the situation and this relationship is well un-
derstood. This typically means that the key observables in a situation have been clearly
identified and have counterparts with fixed interpretations in the construal. Moving

from pre-ritualised interaction to ritualised interaction involves becoming familiar and
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developing understanding of the artefact and situation—it involves sense-making. Such
activity is associated with starting from a rough, provisional correspondence between
definitions and situation, and through interaction, arriving at a solid correspondence
between definitions and situation. Figure 2.1 illustrates the overall movement from the
left-hand side to the right-hand side.

The evolution of an EM construal (from pre-ritualised to ritualised interaction) is
a particularly fluid activity that occurs through creating, manipulating and observing
an artefact that is reflected in a set of definitions. The natural flow of interaction
(creating, manipulating and observing) is particularly important for sense-making and

learning.

2.1.2 Definition-based notations

The notion of a construal as captured by a set of definitions necessitates methods or
notations for creating, manipulating and observing definitions. A number of notations
have been developed for a wide range of modelling activities. Beynon refers to these
notations as definitive notations due to the fact that they are definition-based [Bey07a/.
Some notations are general purpose, like DoNaLD (Definitive Notation for Line Draw-
ing) which is used to create line drawings [Yun90}; some notations have a more specific
purpose, like the %analog notation created by Charles Care for experimenting with the
components of an analogue computer [EMP:analogCare2005).

The primary general-purpose notation is EDEN (Engine for DEfinitive Notations),
which was developed by Yun Wai Yung [Yun90]. The EDEN notation is the most
primitive and can be used for the definition of base values (e.g. numbers, characters
and lists).

The next gencral-purpose notation is DoNaLD which can be used to create drawings
based on points, lines, arcs and other basic shapes [Yun90]. An example of a set of
definitions in DoNaLD is shown in Figure 2.2(a). The definitions describe lines and
circles that relate to a clock face containing an hour hand, a minute hand, and marks
for the quarter positions. The artefact that reflects the set of definitions is shown in
Figure 2.2(b).

Another general purpose notation is SCOUT (definitive notation for SCreen Lay-

OUT) which was designed by Yun Pai Yung [Yun93] for arranging windows (including
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int radius |
point centre

radius = 400

centre = {400, 600}

line facemark9, facemark6, facemark3, facemarkl?2

circle face, shaft

facemark9 = [centre-{radius-20,0}, centre-{radius-80,0}]
facemarké (centre-{0, radius-20}, centre-{0,radius-80}]
facemark3 [centre+{radius-20,0}, centre+{radius-80,0}]
facemarkl2 = [centre+{0, radius-20}, centre+{0,radius-80}]

face = circle(centre, radius)
shaft = circle(centre, 10)

|

int hour, minute

line hourhand, minhand
real hourangle, minangle
hour = 1 |

minute = 30
hourhand = [centre, centre+{radius div 2.5 @ hourangle}]

hourangle = float (hour) div 12 * -2*pi + 0.5*pi ‘
minangle = float (minute) div 60 *-2*pi + 0.5*pi
minhand = [centre, centre+{radius div 1.3 @ minangle}] |

(a) DoNaLD definitions describing a clock face.

—_— e —— — e S

(b) An EM construal of a clock face.

Figure 2.2: An example of using the DoNaLD definitive notation to create an EM
construal.
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viewports for DoNaLD drawings) on a screen. A complete list of standard notations
can be found in the EDEN documentation [EMD]. It is important to note that these
notations are still at an experimental prototype level. There is still a lot to understand
about the design of definitive notations, for which there is little precedent in traditional
programming language design.

One of the major contributions to the development of definitive notations is a frame-
work for creating and manipulating notations within EDEN—enabling model-builders
to develop their own definitive notations (in principle) ‘in the flow of modelling’. This
is based on my work on an agent-oriented parser (AOP) [Har03], that was originally
prototyped by Chris Brown {Bro00]. The AOP has led to many innovative models (e.g.
the Wumpus model [EMP:wumpusCole2005]) and a number of new definitive notations
(e.g. the HTML notation described in Chapter 4). The GEL (Graphical Environment
Language) notation [EMP:gelHarfield2006], for creating graphical user interfaces, is one
of the notations that has been developed as part of this thesis using the AOP, and that
has been used to create and explore many of the models described in this thesis. An
introduction to the GEL notation can be found in Figure 4.5 on page 95 and more
information is available in the documentation [EMD]. The importance of such auxil-
iary definitive notations is in the scope they afford the model-builder to exploit richer

metaphors in the construction of artefacts.

2.1.3 'Tools for modelling state

A number of tools have been developed for EM'. The most widely used and the most
extensively developed is tkeden. The tkeden tool runs on Linux, Mac OS, Unix &
Windows and is freely distributed under the GNU General Public Licenset. The tool
incorporates a number of standard notations, such as EDEN, DoNaLD and SCOUT,
as well as other domain-specific notations including those created using the AOP, such
as GEL. A significant role for the notations is providing visualisation of state that
promotes the experiential rather than the symbolic aspect of the artefact. As illustrated
in Figure 2.2(b), visualisations can be expressive without being highly realistic [Bey05b].

Figure 2.3 shows the tkeden tool with a simple model of a clock. The bottom left

window is the input box where definitions can be entered in a particular definitive nota-

"For a complete discussion of the history of EM tools, see Ward’s PhD thesis [War04].
}The tkeden tool is available from: www.dcs.warwick.ac.uk/modelling/tools.
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shaft = circle(centre, 10)

face = circle(centre, radius)

facemarklZ = [centre + (0, radius - 20), centre + (0, radius - 80)])
facemark3 = [centre + {(radius - 20, 0}, centre + {radius - 80, 0})

facemark6 = [centre - (0, radius - 20), centre - (0, radius - 80))
facemark9 = [centre - (radius - 20, 0), centre - (radius - 80, 0})
centre = (310, 650)
radius = 300

R4

R %

centre = (310,650}
radius = 300

minute = 2.1

Figure 2.3: The tkeden tool for creating EM construals with definitive notations.

tion. In Figure 2.3, the input box currently contains buttons for the EDEN, DoNalD,
SCOUT, SASAMI and AOP notations, but there is potential for new notations, such as
GEL, to be introduced on-the-fly. The top left window contains a full list of the current
definitions in the environment. The DoNaLLD window on the right is the artefact that is
described by the DoNalL.D dehnitions. As discussed above, EM construals are created
and manipulated through definitive notations and therefore the tkeden environment is
conceptually relatively simple, requiring only the input box for making definitions and
redefinitions.

The key features of the tkeden tool are that the interaction between model-builder
and artefact is continuous and unconstrained. The fluid nature of EM activity is well
accommodated in tkeden. Model-building proceeds from a rough, provisional set of
definitions that have a loose correspondence to a situation to solid, well-understood set
of definitions that have a strong correspondence to a situation. When the definitions
of an artefact are recorded or saved, it represents only a snapshot of the EM activity:.
The tkeden tool records the history of redefinitions which affords the possibility of
returning to previous significant states.

The tkeden tool described above is the most common environment for model-
builders. However, there are other variants of the tool. These include an extended
version of tkeden, called dtkeden, with distributed communication features, enabling
models to be created across multiple machines. Chapter 5 explores the use of dtkeden

for collaborative model-building.
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EM is a practice for creating computer-based construals.

~experimental ¢, 15 are actively constructed with observables and dependencies.
characteristics
Construals evolve by examining the familiar and realising the unfamiliar.
flexible Construal interaction need not follow a preconceived path.

characteristics (qnstrygl Interaction can occur without a prescribed outcome.

Construal interaction is motivated by personal interest.

meaningful

g Construal interaction is a situated experience.
characteristics

Construal interaction is connected to the continuity of experience.

Empirical Modelling

Figure 2.4: Eight characteristics of EM.

2.1.4 More background on EM

EM is the result of 20 years of computer science research led by Beynon & Russ at the
University of Warwick [EMW]. The motivations for EM are discussed, for example,
in Beynon's lecture notes on modelling for concurrent systems [Bey07a] and in King’s
thesis [Kin07|. Rungrattanaubol offers a detailed exposition of the principles of EM in
its relation to conventional approaches to computing in her thesis entitled, A treatise
on Modelling with definitive scripts [Run02|. An alternative introduction to EM from
an educational perspective is given by Roe [Roe03:p6]. A detailed account of the design

and implementation of tkeden and other EM tools is given by Ward [War04].

2.2 Eight characteristics of EM

The following discussion introduces EM with particular reference to eight characteris-
tics, summarised in Figure 2.4, that are relevant to the eight significant characteristics
of learning set out in Chapter 1. The correspondence between the eight characteristics
of EM and the eight significant characteristics of learning can be observed by comparing
Figure 2.4 to Figure 1.3 on page 15. The table in Figure 2.8 on page 54 clearly illus-
trates the connection with references to the relevant section where each characteristic

is discussed.

2.2.1 EM is a practice for creating computer-based construals

In a modern world where it is common for people to use computers to create documents,

presentations, graphics, websites, and programs—to produce some readily useful out-
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put—examples of the use of computers for understanding and sense-making are much
less prominent. Inrespect of educational technology, the exploratory use of spreadsheets
discussed in §3.4 is one example. Previous work by Beynon, Russ & McCarty has shown
the need for more attention to the use of computers for sense-making [BRMO6|, and it
has been argued that the current foundations of computing are ill-suited to support-
ing sense-making (Bey07a]. EM is suggested as offering an alternative perspective on
computing that is well-aligned with the needs of sense-making.

Empirical Modelling, as the name suggests, is concerned with creating and using
computer models that are empirically developed. The word empirical can have several
meanings, but here it is taken to mean that the modelling activity is guided by practical
experience, not theory. EM was originally developed as a way of representing concurrent
systems. Not the abstract formal models of (::oncurrency associated with, for example,
Hoare’s CSP [Hoa85], but concurrent systems in a broader sense as found in everyday
experience that include people, nature, and constructed artefacts together [Bey07al.
Beynon refers to this as ‘common-sense concurrency’ and views EM as a means for
representing an “external observer’s conception of a concurrent system, as it evolves,
typically incrementally, through experience of the system” [BeyO7al. Constructing
models that reflect common-sense concurrency can be beneficial where sense-making is
important, such as: determining the requirements for a piece of software, reconstructing
historic events, analysing aﬁarchaeological dig, designing a socially-aware robot, or
learning to speak a foreign language.

Models or artefacts that are constructed using EM can have a number of char-
acteristics (as explained in this chapter) that differentiate them from uses of models
in computer science and, more generally, computing. The word construal is used to
describe the computer-based artefact that the EM model-builder constructs to avoid
confusion with the more general term model. A construal is a computer-based artetact
created or used by a person engaging in EM activity. An EM activity is one where
the emphasis is on using the construal for understanding and sense-making, as opposed
to necessarily producing a useable artefact. That which the construal relates to in
the world is called the referent (coming from ‘that which is referred to’) as depicted

in Figure 2.5. The construal is built with some experience to be explored and bet-

ter understood in mind. The use of the word construal emphasises that the model is
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Figure 2.5: A learner constructing an construal relating to a referent.

a personal interpretation of the experience by the model-builder. The experience to
which the construal itself refers may relate to a situation, to an abstract procedure, or
to a phenomenon. Therefore the referent could be something physical, or the referent
could be an emotion or idea to be conveyed in an construal. The learner develops tacit
knowledge of the construal and referent through exploratory interaction motivated by
establishing a close correspondence between experience of the construal and experience
of the referent. The bottom half of Figure 2.5 highlights the essential elements of an
EM activity where a model-builder is interacting with a construal that corresponds to
a referent. In this activity the model-builder’s understanding and experience play a
crucial role. Experiences of the interplay between the referent in the world and the
construal in the computer, at the top of Figure 2.5, can inform the model-builder’s
interaction with and construction of the construal.

[EM’s approach to learning is constructionist in spirit [BR04| [BHO5b]. In contrast to
traditional KT that exploits a constructionist idiom which is primarily concerned with
artefact construction, T based on EM principles promotes constructionist activity that
is essentially concerned with negotiating meaning and sense-making. Well-known exam-
ples of constructionist learning environments include Logo, Agentsheets and Toontalk.
These are discussed in contrast to EM by Roe [Roe03]. In particular, Roe points out
that Toontalk and Agentsheets rely too heavily on the computation metaphor [Roe03|.

The limitation of these environments is that they use methods based on traditional
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procedural programming for construction—a foundation that this thesis has argued is
ill-suited to everyday learning and sense-making. EM, with its focus on the experi-
mental aspects of model-building, is better placed to offer support for constructionist

learning environments and fulfil the characteristic in §1.2.1 that learning occurs when

constructing artefacts in the world.

2.2.2 Construals are actively constructed with observables and
dependencies

Given that EM is concerned with composing construals for sense-making, it is of pri-
mary importance that model-building enables relations and meanings to be negotiated.
As introduced in §2.1, a construal is a collection of things that can be observed and
manipulated—called observables. These observables can be represented by a set of def-
initions which describe the relationships between observables using dependency. The
observation and manipulation of definitions is occurs through agency. Observables,
dependencies and agency reflected in a construal can capture the scope of an external
observer’s interpretation of a concurrent system in an everyday sense [Bey07a).

From the viewpoint of an external observer, observables are features of the environ-
ment that can be ascribed an identity [Bey07a]. The identification of observables arises
from interaction with a referent, as in Figure 2.5. An observable could represent a
value (e.g. 360), a property (e.g. has wheels), a quantity (e.g. £125,000), a description
(e.g. sleek), a colour (e.g. red), a relative measurement (e.g. fast), a perceived feeling
(e.g. scary), or an event (e.g. I saw a Ferrari). Observables are often subjective as
they reflect a personal meaning for the model-builder that has developed over a series
of interactions. Current EM tools are implemented on a digital computer and therefore
the representation of observables are rather primitive, however the intended meanings
of such observables can reflect quite detailed ideas in the mind of the observer. The
level of detail of an observable depends very much on the observer and the motivation
for studying a given referent. Depending on the interests and skills of the observer,
observations may be made on different levels (e.g. “the meteorite is the source of the
light, and the meteor is just what we see”).

The external observer, during the course of many interactions with an everyday

concurrent system, is likely to develop expectations with respect to observations. For
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example, I am accustomed to associate the swiping of my university card at the door
of the department with the opening of the door. These indivisibly perceived changes,
where the observer would be surprised if expectations were unrealised, can be described
as dependencies |Bey07a]. Such expectations, or dependencies, reflect reliable patterns
of state-changes arising from a series of interactions. Thus, a dependency is a descrip-
tion of how changes to observables are linked to one another. In everyday concurrency,
observations are related to each other in that a change in one observable often leads to
a change in other observables. The perception of dark clouds overhead often coincides
with the subsequent falling of rain (event), which often coincides with cars switching
their headlamps on (description) and, if driving, a sense of caution on the road (feeling).
Each of these dependencies may be reliable observations that have been made according
to history of interactions. A point to be discussed later is that these dependencies are

not ‘set in stone’—at any time during the model-building, maybe in response to new

observations, the relationships may be changed.

In EM, agency is associated with the attribution of state-change [Bey07a]. Whereas
concurrent specification languages often ignore the notion of an agent, in an everyday
view of concurrency it is natural to attribute the change of state to an object or entity
[Bey07a] (e.g. “candy weighing both of my pockets down”). Changes to observables
can occur in any number of ways. For this reason, EM takes a very liberal view
of what constitutes an agent, because an agent is anything that has the capacity to
change state. In everyday living, people have the potential to (and regularly do) change
the state of the world. People regularly change state as they move about their daily
business, they can choose to switch the heating on or off, to place rubbish in a litter
bin, to speak out against something or someone, or to keep quiet and do nothing—
every action has an effect on state!. Animals too have this capacity to affect the
world, as do weather systems, plants, bacteria, diseases and many other things. In
many cases we do not understand why these effects take place (e.g. freak weather like
the Tsunami caused by the Indian Ocean earthquake in 2004). It may turn out that
through subsequent iterations with the referent that acts of agency could be observed

as complicated dependencies at a more primitive (e.g. atomic) level. However, from

tAs reflected in the Buddha's description of Kamma: “When this is, that is. From the arising of this
comes the arising of that. When this isn’t, that isn’t. From the cessation of this comes the cessation

of that.” AN 10.92 (Pali Canon)
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the point of view of an external observer, there will often be acts of state-change whose
origin are unknown or not important at the current time. For example, my grandmother
might perform perceived random acts of gratitude, such as giving me chocolates, where
the causes are not relevant to me. Take the weather as another example of agency, and
its forecasting: studied since Robert Fitzroy headed the first meteorology department
in the British government in 1854 [Bur86}, still today, it is often not even possible to
explain the causes of freak weather, let alone predict the weather accurately on a daily
basis. It is important to acknowledged that common-sense concurrency is not a closed
system but is open to agency from the outside (e.g. from people or the weather).
Observables, dependencies and agency (ODA) are the three concepts in EM that
can be used to represent concurrent systems in an everyday sense. An EM tool, such as
tkeden, provides an environment in which a model-builder can experiment with pat-
terns of ODA. The construction of a construal is achieved by creating and manipulating
sets of definitions that correspond to ODA. In tkeden, observables can be identified as
values, strings, or lists (for example)—Ilike the cells in a spreadsheet. Dependencies, be-
ing the relationship between observables, can be identified as definitions that relate two
or more observables. A dependency definition indicates an expectation, that when one
observable changes, a change also occurs in the other observable—like functions between
spreadsheet cells. When considering agency, it may come from outside the computer-
artefact in the form of mouse movement, mouse button clic:ks,r keyboard presses, or
input from other devices. These actions could be automated or semi-automated by the
model-builder in such a way that they become agent actions within the model thus
creating internal agency. Agent actions can be defined in a model as a sequence of
redefinitions that are triggered when a condition occurs (i.e. an internal observation is
made). If we take the example of modelling the driving of a car, then we might start by
controlling the car with external agency by letting the model-builder control the inputs
to the car driving activity (i.e. steering, accelerating and braking). The model-builder
could use the patterns of redefinitions that she makes to automate or semi-automate
the driving activity. Initially these patterns may be quite simple, for example: “when
approaching a corner, apply the brake”. Further refining of the model might take into
account many more factors that could affect the agent’s control of the car (e.g. weather

conditions, the position of other cars on the road, the driver’s knowledge of the car, or

42



the driver’s mood)'.

Numerous notations exist for constructing construals based on ODA. As introduced
earlier, EDEN, SCOUT and DoNaLD [EMD)] are three basic notations that are used in
the tkeden tool. Detailed explanations of these and other notations used for creating
sets of definitions corresponding to ODA are covered by Ward [War04]. Some of the

notations developed by the author are discussed in Chapter 4.

The ODA that are reflected in a construal correspond to ODA in the concurrent
system through the model-builder’s continual interaction with the construal. ODA are
essential ingredients for model-building because of the close correspondence between
the ODA reflected in the constual and the ODA in the referent. In Figure 2.5, the
construal is linked to the referent by this correspondence through ODA. In this way,
interaction with ODA in the construal develops knowledge of the construal which is
linked to knowledge of ODA in the world or referent. This characteristic of EM as an
active construction of a construal using ODA on the part of the model-builder is related
to the characteristic of learning involving an active construction of understanding on

the part of the learner described in §1.2.2.

2.2.3 Construals evolve by examining the familiar and realising the
unfamiliar

Given an environment for constructing construals that reflect observables, dependencies
and agency in an everyday sense, EM’s contribution to the construal creation process
is now considered. In EM, as with any other sense-making activity, we usually start
with that which we already know, have an understanding of, or are familiar with. By
examining the familiar, we are able to see what we do know about the subject, and what
we do not know. In some cases, our subject might be very well known, but in others
we might be exploring it for the very first time. An inexperienced architect may well
explore his subject, the design of a library for example, in some confusion and with no
previous experience of making a plan of a library to draw upon. Generally though, the
architect is not completely lost as he has other experiences that might be relevant: his
training as an architect, experience from designing other architectural plans, visits to

his local library. A more experienced architect may well have designed many libraries,

*A model about braking distances was created as part of an undergraduate project for WEB-EM-3
(WEBEM3|.
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knowing exactly what is required of him and his design, but still by exercising the
familiar he will come across areas of the design that he needs to make sense of, and
make a decision, to continue his design. This act of sense-making, by exercising the
familiar to explore the unfamiliar, is what we are ‘making use of’, encouraging and
enhancing in EM through the use and creation of construals.

When creating a new construal, I am encouraged to start with what I already know
or something I am familiar with. If I know the subject well, then it is relatively easy
to highlight observables, dependency and agency, and therefore I can begin to build
an EM construal by defining various observables and dependencies, and maybe later
automating some aspects of agency. If for example, I started to create a construal of
a bicycle, I might begin with a simple definition taking account of the wheels, their
sizes, and the number of gears. Depending how well I know the subject, within a short
while I would reach the edge of my understanding. This is what Vygotsky would call
the Zone of Proximal Development [Vyg78| as mentioned in §1.2.3. On my bicycle,
although I might be aware that the more force I exert on the pedals the faster I will go,
I cannot immediately formalise this into a more accurate form such as the relationship
between force and velocity. I have a vague idea of the relationship, but it remains
unfamiliar territory. This is the point at which I move from creating a construal of
a familiar subject using ODA, to exploring patterns of ODA in my construal that fit
the unfamiliar territory (that which is not formally known to me). The unfamiliar is
no longer a complete blank because I have the springboard of the familiar ODA on
which to base my experiments with other patterns of ODA. I can also draw on other
experiences, or other people, or other models, to compare to my own experiences with
the construal. By exploring and experimenting with different patterns of ODA, and
comparing it to my familiar understanding and experiences from the world, I am usually
able to gain a little more familiarity of the subject. In order to become more familiar
with the bicycle construal, I can experiment with different dependencies and draw on
my experience of riding a bicycle to make sense of the relationship between the pedals

and the speed of the wheels.

The process of acknowledging the familiar and exploring the unfamiliar is not a one-
off exercise that will result in the subject being understood. (No results are guaranteed.)

Rather, it is a process that continually occurs throughout the creation of a construal
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1. Initially I do not know what is unfamiliar or not known to me.

2. I start by creating a construal using ODA of that which I am
familiar.

3. By exercising the familiar, I find the edge of my familiar under-
standing and discover that there are things which are unfamiliar
or not known to me.

4. I explore and experiment with different patterns or compositions

of ODA.

5. By relating experiences of the construal with experiences in the
world, I can become more familiar and make-sense of the subject.

6. I repeat the process, exercising the familiar including any new
aspects of the construal.

Figure 2.6: A generalisation of experimental EM activity.

and throughout the sense-making activity. Neither the familiar nor the unfamiliar can
be separated, they both depend on one another for the sense-making activity to proceed
as shown in Figure 2.6. The activity in Figure 2.6 is a continuous cycle in which the
familiar informs the unfamiliar and the unfamiliar forms the familiar.

Schrage, who discusses models in his work on innovation [Sch99|, writes in Serious

Play that:

“..the real value of a model or simulation may stem less from its ability
to test a hypothesis than from its power to generate useful surprise. Louis
Pasteur once remarked that ‘chance favors the prepared mind.’ It holds
equally true that chance favors the prepared prototype: models and simula-
tions can and should be media to create and capture surprise and serendipity
...] That’s why Alexander Fleming recognized the importance of a mould
on an agar plate and discovered penicillin.” {Sch99:p117,119,125)

Figure 2.6 taken with Schrage’s sentiments shows a clear connection with learning in
relation to the ‘realising the residue’ characteristic of learning in §1.2.3. The first three
of the characteristics of EM emphasise the ezperimental nature of EM activity that

plays an important role 1n supporting learning as characterised in Chapter 1.

2.2.4 Construal interaction need not follow a preconceived path

In this section it will be shown that construals for sense-making involving the explo-
ration of the unfamiliar (as described in the previous section) should be approached

without a preconceived plan. Computer artefacts that are thought-out or preconceived
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in advance do not encourage the sense-making activity during the creation of the arte-
fact. The common practice of computer scientists dictates that computer artefacts
should first be specified, then designed, and finally implemented. This implies that
the sense-making or understanding is done at the beginning, and the final stage is a
‘simple’ translation of a design on paper to a program in the computer. It disregards
the essential need for sense-making in the implementation stage. There are some good
reasons for disregarding sense-making when the final product is of primary importance,
but when the focus is on using the computer for understanding a subject, following
a preconceived path can subvert the sense-making activity. Therefore, in EM it is
important that construal interaction does not necessarily follow a preconceived path.

Neither is there a particular way in which EM construals have to be created (no
given recipe) nor does the model-builder have to preconceive of a way to create her
construal (no need to design a recipe). There is no need for a recipe for creating
a construal, the recipe arises from the cooking. The cooking being the activity of
creating a construal using ODA by paying attention to the familiar and the unfamiliar.

Traditional programming is like making a victoria sponge; follow the recipe and,
depending on the ingredients and your skills, you will end up with a cake. EM does not
offer any particular advantages for following a recipe because the path is preconceived
and well-understood. However, EM is appropriate when you want to find out what
makes a good victoria sponge, when you want to understand how to make a good
victoria sponge, and when you want to make sense of the relationship between the
ingredients and a good victoria sponge. This activity does not follow a preconceived
path, it requires the model-builder to practice what is already familiar about making
a victoria sponge, experiment with different patterns of ingredients (ODA), and relate
new ‘victoria sponge’ experiences to previous baking and tasting experiences.

As EM activity is concerned with interaction that is often prior to ritualisation, as
depicted in Figure 2.1, it is well-matched to the characteristic, described in §1.2.4, that

learning need not follow a preconceived path.

2.2.5 Construal interaction can occur without a prescribed outcome

A construal is never considered finished because it has no prescribed outcome, in the

same way that learning is never finished (as described in §1.2.4)—there is always more
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to ‘make sense of’.

Following on from the characteristic of EM that construal interaction need not
follow a preconceived path, a further step can be taken to describe that it is not even
necessary for a construal to ever be considered finished. This theme is partly developed
in Beynon’s paper on Liberating the computer arts [Bey0l]. The reason for this is self-
evident from the description of the sense-making activity. Making sense of a subject is a
never-ending process of continually expanding understanding into ever more unfamiliar
territory. A construal being a computer artefact for making sense of a subject, it follows
that the activity is open-ended and the construal need not be constrained to achieve
any particular result. Contrast this with traditional programming where the expected
output is a program that can be used by others, and there is clearly a need for the
program to, at some point, be considered finished, useable or sellable. In order to
produce a finished product, it makes sense that the product be specified or thought-
out prior to the programming activity in such a way that the programming activity
has a clear prescribed outcome. The specification then becomes the guide by which
the programmer knows what a finished product should look like, and hence they will
also know when it is finished. As described in the previous section, it is likely the
programmer will employ some standard methods to assist in achieving the finished
product (e.g. object-oriented programming) following some particular development

methodology as discussed later in §3.1.

Although a construal may never be considered finished, it does not mean that it
is not useable. It can be useable throughout the interaction, simply because it is the
experience through interaction that enables the model-builder to develop understand-
ing. It is not the finished product itself which is most important, it is the meaning
that the construal can give, or has given, to the model-builder. Therefore the construal
does not require any specification, nor does the construal need to be thought out in
advance. The ‘thinking’ of how to create the construal is part of the sense-making
activity. Any pre-thought-out specification for the construal is liable to restrain and
subvert the creation of the construal. This approach of not asking for a prescribed
outcome is evident in particular scientific discoveries. For example, when Faraday dis-
covered electricity, he had not set out to find electricity or produce it, he was looking

at other phenomena—trying to make sense of them—when he became aware of what
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later became known as electricity [Goo90].

The above discussion indicates a similarity to the characteristic, described in §1.2.5,
that learning occurs without a prescribed outcome. Taken together, the two character-
istics of EM described as *’ and *’ promote a particularly flexible attitude to model-
building in which the process or outcome can be completely open-ended. These flexible
characteristics of EM play an important role in supporting everyday learning which is

explored further in Chapter 4.

2.2.6 Construal interaction i1s motivated by personal interest

In the previous five sections it has been shown that EM is an experimental approach to
model-building (§2.2.1,§2.2.2,§2.2.3), and that it is an approach that demands a high
degree of flexibility (§2.2.4,§2.2.5). Next, the reasons for creating construals in this
way are examined. One of the reasons is that construals are intimately connected to
the person interacting with them. They are tools for understanding and making-sense
things in the world (as well as in the computer). The fact that they are very personal
to the model-builder is why they are useful for sense-making. The meaning of the
construal is constructed by the person creating the construal—it is subjective—and
the sense-making occurs in the interplay between construal and referent as perceived
by the model-builder.

Given the personal nature of construals, it follows that construals may be linked
to personal experiences and personal interests. Empirical Modelling is successful when
it is motivated by personal experiences and personal interest (as discovered in the
‘Introduction to EM’ module discussed in §6.1). Creating a construal of something
you are not interested in—not meaningful-—is unlikely to inspire great exploration
or connect well with previous experiences. But with a subject in which the model-
builder is personally interested—is meaningful—there is more motivation for exercising
the familiar and better potential for exploring unfamiliar territory on the edge of the
model-builder’s understanding.

As shown in Figure 2.1, EM activity is concerned with the sense-making involved
in progressing from interaction prior to ritualisation to ritualised interaction. Such
progress involves exploring particular situations in a construal—exploration that is

motivated by personal interest in the particular situation. The importance of personal
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interest in EM activity is relevant to learning, and demonstrates an association with

the characteristic, discussed in §1.2.6, that learning is motivated by personal interest.

2.2.7 Construal interaction is a situated experience

In the previous section i1t has been acknowledged that construals are personal tools for
understanding and sense-making, and if we stop there then creating construals might
be seen as a private solitary activity. Although this act of making sense of a subject
is very personal, it need not be totally confined to one model-builder per construal. In
this section I shall explain that construals can be shared amongst model-builders, and
that construals can be moved in and out of different contexts.

It is helpful to note the similarities between a construal and a story. A construal is
an EM artefact that enables the model-builder to convey meaning. A story is similar
in that it is used to communicate the meaning in a situation or an event. Neither
the construal nor the story are necessarily precise or formal in any way. Both are
open to interpretation by either the model-builder in the case of the construal, or the
story-teller and listener in the case of the story. Each time a story is recounted, it is
a unique explanation of the situation, but sufficiently similar to be recognised when
heard again. So it is with construals. A model-builder’s construal is unlikely to be the
same for every interaction, and in many cases it is desirable for the construal to change,
elaborating the details of the construal as the model-builder becomes more familiar with
his subject. A construal can be looked at from different contexts, in order to explore
other meanings for the construal. A simple example of this is in the jugs model to be
examined in §3.2, where liquid in two jugs can have a different meaning in completely
unrelated contexts such as the displaying the chords on a violin. A construal, although
a personal artefact, can take on new meanings in a different context or situation from
that which the model-builder created it, just as a story can invoke new meanings in a.
different context.

Stories can be taken up by other people, and construals can too. Construals taken
up in this way by new model-builders are not necessarily used in exactly the same
way as before or In the same context. The evidence that I have of this is that EM
construals are often revisited by different model-builders. New model-builders nearly

always incorporate the old construal into their own construal, or they use the old
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construal as a basis for further creation. I relate this to the way that people tend to
remember stories that are relevant or interesting to them, that is stories that can be
put in a personal context. When a model-builder take on a construal, it needs to be
taken into context for it to have some meaning. Sometimes this new meaning is not
all that relevant to the previous model-builder’s meaning. So a construal, although a

personal artefact, can take on new meanings with a different model-builder.

When a story is written down, it is similar to creating automation. In conventional
software development this forces the user to ‘use’ the program exactly as specified by
the programmer. Automation allows users to follow a specific line of interaction, but
EM model-builders, unlike typical users of programs, do not necessarily have to follow
the specific path laid out for them by the automation (they are free to intervene at any
point)—just as someone reading a story is free to skip over sections of the story, read
it backwards or in any order, as well as to try to interpret the story in whatever way
they wish. The distinction between EM and software development is taken up further
in Chapter 3.

The emphasis of this characteristic is on the nature of EM activity to treat con-
struals as embedded in a particular situation or context, and that a construal used
in a particular context 1s unique. This is closely connected with the characteristic of

learning, as described in §1.2.7, that learning is a situated experience.

2.2.8 Construal interaction i1s connected to the continuity of
experience

A construal’s association with sense-making requires that experience plays a funda-
mental role in the creation and use of such artefacts. Of course, experience plays an
important role in any interaction between user and computer, but as Beynon, Russ
& McCarty show, traditional methods for constructing computer-based artefacts (i.e.
programming) attempt to separate the experience from the construction process in a
way that EM subverts by the fluid nature of its activity [BRMO06]. As illustrated in
Figure 2.1, the sense-making that is involved in moving from interaction prior to ritual-
isation to ritualised interaction is a continuous and unconstrained activity. In this way,
EM offers a diflerent perspective on the role experience plays in interactions between

model-builder and computer, one that views experience as central to such interactions.
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Figure 2.7: The Experiental Framework for Learning (EFL).

As described by Beynon [Bey05al, the EM approach relates to the philosophy of James’
in his work on Radical Empiricism [Jam12|. Beynon argues that a construal should sup-
port the superabundant and dynamic nature of personal knowledge: “What there is to
be known of Coventry is more than I can ever experience, and my personal knowledge
is established, maintained and revised dynamically through my ongoing interactions
with it” [Bey0b5a].

The Experiental Framework for Learning (EFL) introduced by Beynon [Bey97] and
subsequently elaborated on by Roe [Roe03| describes different categories of learning as
shown in Figure 2.7. These categories range from activities concerned with concrete
situations and private experience to activities relying on formal languages and public
knowledge. Roe states that learning begins from private experience: “Preliminary in-
teractions are informed by our previous experience” [Roe03:p73]. We start to attribute
meaning to elements of a construal and plant the roots of understanding. After a while

we begin to notice patterns of observables, dependencies and agency that are common
between experiences. As we make more sense of the subject, as we become more fa-
miliar with the subject, we are able to explain more clearly the relationships between
observables. This corresponds to the downward arrow in Figure 2.7, in that concrete
situations and private experience leads towards the formal use of language and public
knowledge. At the same time, sense-making necessarily involves checking that a con-

strual corresponds to the referent by comparing a chosen set of definitions to empirical
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evidence or private experience. Such learning activities can be associated with moving
up through the difierent categories of learning in Figure 2.7 from the formal or public
knowledge to the concrete or private experience. Therefore, the creation of constru-
als is a down and up activity in the EFL. Experimentation through the creation of a
construal is aiming downwards in the EFL to explore possible formalisations of ODA,
observation through the interaction with a construal is poking upwards in the EFL
to decide whether the ODA correspond to personal experiences. Roe refers to these
activities as abstraction and concretisation respectively [Roe03:p76].

Experimental work by Piaget [Pia74| relates closely to the EFL in explaining the
progression from tacit knowledge to explicit public knowledge. The work shows that
there is a development gap between succeeding in performing an action and being ca-
pable of explaining the action. Experiments on :young children discovered that almost
none could describe verbally the movement of their hands and feet when walking on
all fours, even after performing an example walk themselves [Pia74:p3]. Older children
were able to correctly describe their behaviour. Another experiment [Pia74:pl5] with
children swinging and launching a ball on a piece of string shows that although compe-
tent at the skill of hitting a target, the children did not realise that the ball’s trajectory
was determined by both the release point and the direction of rotation. These examples
(and others) show that children of different ages are not able to describe in language
the skills that they have learnt. They have developed a practical level of knowledge
(in the upper realm of Figure 2.7) but as yet have not progressed to levels further
down the EFL. This is further evidence, in children at least, that learning starts from
the realm of private experience in the practical/concrete sense, before moving towards
public knowledge in an abstract sense.

Other work in the Geneva school by Karmiloff-Smith and Inhelder [KI75] points to
the importance of “constructing and extending theories of action” for discovery in early
childhood. This theory construction activity is evident in the downward movement of
the EFL where similar or repeated private experiences are charactised in a way that
can be more formally explained, such as developing an understanding from repeated
experiences of rainbows occurring when bright sunshine follows heavy rain. Karmilofl-
Smith and Inhelder also point out that scientists as well as children have a similar

tendency to explain phenomena by constructing a unified theory and therefore it may
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be a deep-rooted function for learning and discovery [KI75].

EM can support the categories of learning in the EFL on all levels as demonstrated
by Roe [Roe03]. Furthermore, the fluid nature of EM activity (as depicted in Figure 2.1
means that the learner can move between the levels (moving up and down the EFL)
in the stream of model-building. The continuous and unconstrained interaction with
a construal offers a model-builder the continuity of experience necessary for learning.
In this way, EM is aligned to the characteristic of learning, introduced in §1.2.8, that

learning is a continuous experience.

2.3 Connections between EM and learning

2.3.1 The common theme of sense-making

In the discussion of the eight characteristics of EM, the word ‘sense-making’ has been
introduced. Sense-making is a theme which runs throughout this thesis and is central to
the EM principles and tools. It is taken literally to mean the activity of making sense of
a situation or phenomena. As Beynon & Russ point out, building models is intimately
connected to sense-making [BRMOG6|, as will be demonstrated further in Chapter 3.
Furthermore, sense-making is an important aspect of learning {Jon06:p3]. Jonassen
relates sense-making to ‘conceptual change’, introduced in §1.1.4 as the mechanism
underlying meaningful learning, and model-building using technology is one way for
conceptual change or sense-making to arise in learners [Jon06:p3].

This thesis illustrates how EM can be used to help learners construct models of
what they are studying or other phenomena of interest. Building models of phenomena

and situations using EM tools facilitates the process of sense-making in learners.

2.3.2 Corresponding characteristics

There is a close correspondence between the eight characteristics of EM described above
and the eight significant characteristics of learning as can be observed from Figure 2.8.
This correspondence forms the basis for the argument that EM is a suitable approach
for supporting the experimental, flexible and meaningful characteristics of everyday
learning.

The discussion of EM in this chapter illustrates the point that EM is a learning tool
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Characteristic of learning described in | Related EM principle
Chapter 1

learning occurs when constructing in | construals are constructions in the

the world (§1.2.1) computer (§2.2.1)
learning involves the active construc- | construals are active constructions of

tion of understanding (§1.2.2) meaning through ODA (§2.2.2)
learning results from realising the un- | construals evolve by examining the un-
known (§1.2.3) known (§2.2.3)
learning need not follow a preconceived | construal creation need not follow a
path (§1.2.4) preconceived path (§2.2.4)

learning occurs without prescribing an | a construal is never finished (§2.2.5)

outcome (§1.2.5)
learning is motivated by personal inter-

construals are personal to the model-

est (§1.2.6) builder (§2.2.6)
learning 1s a situated experience | construals are personal to the situation
(§1.2.7) (§2.2.7)

construals are closely connected to con-
tinuing experience (§2.2.8)

learning is a continuous experience
(§1.2.8)

Figure 2.8: The correspondence between EM and the characterisation of learning in
Chapter 1.

that people learn with, not from. Therefore it is particularly well-suited to supporting
ET with more of the characteristics of learning in the everyday sense—EM is less like
Fiéure 1.2 and more like Figure 1.1. The integrated EM approach outlined in this thesis
has advantages for supporting some forms of learning that assume the characteristics
laid out in Chapter 1, but not necessarily for other forms of learning. While the
following chapfers demonstrate how EM helps achieve the eight characteristics set out
in Chapter 1, it should also be admitted that EM might not be a suitable approach for
all forms of education. It should be acknowledged that the goal is not necessarily to fit
in with all forms of existing education, but to alleviate the tensions between technology
enhanced learning and everyday learning. If EM can support more of the everyday
aspects of learning then there is potential for the tensions to be reduced—in a way
that might lead to a new paradigm for learning and education that is expected in the
vision for ET discussed in Chapter 1. The next chapter is devoted to showing why EM
is different to traditional BT, and the following chapters then demonstrate how EM

is better suited to supporting the eight significant characteristics that are a feature of

everyday learning.
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Chapter 3

Distinguishing Empirical
Modelling from programming

The introduction of EM as an approach to constructing computer-based construals as
given in Chapter 2 invites a comparison with programming. A naive view would be
that EM is ‘just another programming technique’, but critical tensions between EM and
programming demonstrate that this view is incorrect. This chapter differentiates EM
from programming on a fundamental level in order to show that EM offers a completely
new approach to constructing computer-based artefacts as set out in Chapter 2. Fur-
thermore, the differences stand out when considering the design and use of educational
technology. From a conventional programming perspective, there are typical roles for
student, teacher and developer for using, specifying and implementing respectively. In
EM, these roles are blended because all interaction is of the same essence. EM activity

is more like the use of spreadsheets as discussed in the second half of the chapter.

3.1 Five points of contrast with programming

EM has been developed over a number of years mainly by computer scientists. The
tools have similarities with programming tools, and some computer scientists have used
the EM tools for programming-like activities. However, the experimental, flexible and
meaningful characteristics of EM suggest that it is different from programming. This

section highlights five points of contrast, summarised as:
e Programs are more constrained than EM construals;

e Programming entails many discrete phases;
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o Programming is concerned with developing an end product;
e Programming is concerned with the correctness of a program;
o Programming makes a distinction between development and use.

To understand the fundamental difference between EM and programming, it is
helpful to compare it to the difference between radical design and routine design in en-
gineering [Vin93]. Michael Jackson (of Jackson Software Development methods fame)
argues that programming is often treated as routine or normal design [Jac06] in which
“the engineer knows at the outset how the device in question works, what are its cus-
tomary features, and that, if properly designed along such lines, it has a good likelihood
of accomplishing the desired task” [Vin93]. In radical design, by contrast, “how the
device should be arranged or even how it works is largely unknown. The designer has
never seen such a device before and has no presumption of success. The problem is
to design something that will function well enough to warrant further development”
[Vin93}. Jackson views conventional software development methods as reflecting rou-
tine design because they treat the specification as a solid interpretation of the world,
and therefore the design process is concerned with a reduced problem of how to turn the
specification into a program [Jac06]. The right-hand side of Figure 3.1 illustrates rou-
tine design with respect to programming. Jackson believes that radical design cannot
be fully be addressed through the concepts of routine design [Jac06]. EM can be con-
sidered more like radical design because it is concerned with interaction that negotiates
meaning between a situation in the world and a construal, and with interaction that is
prior to ritualisation as described in Chapter 2 and illustrated in Figure 2.1 on page 32.
EM is closer to ‘immature’ design where the situation is not well understood, where
there is no presumption of success and where the emphasis is on creating something
that might stimulate further exploration. The left-hand side of Figure 3.1 illustrates
radical design from an EM perspective. Figure 3.1 depicts the fluid interpretation be-
tween the world and the construal that is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>