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Abstract
Creativity in human thought is highly valued but elusive, being most often associated with a
small group of expert individuals. Yet all individuals possess the ability to respond to problem
situations in creative ways. This thesis demonstrates that novices, facing complex, ill
structured problem situations, can create novel responses by systematically mobilising their
extra-domain knowledge that is normally dormant or only revealed in chance flashes of
insight.
Literature that examines the development and use of mechanisms underpinning the evocation
and use of extra-domain knowledge, though extensive, is dispersed and little studied in
aggregate. This study designed a process for evoking and using knowledge by distilling and
integrating key mechanisms present in four overlapping research fields: problem solving,
creativity studies, analogical reasoning and embodied cognition. The knowledge process was
then reified in a human-centred knowledge instrument.
A qualitative design science fieldwork project that explored the iterative development and
trialling of the knowledge instrument was conducted from 2010-2011. Feedback from
participants steered the incremental development of the instrument. The thesis recounts the
increments using excerpts of participants’ experience that illustrate and trace the movement in
their thinking as they followed the knowledge process.
Analysis of the study’s findings indicates that the majority of participants generated novel
actions to address an ill structured problem in one domain by systematically evoking and
using their own knowledge from a distant domain. In particular, the study’s findings indicate
that when faced with complex, ill structured problem situations novices can move beyond the
ambiguous, spontaneous approaches reported in the literature.
The thesis demonstrates that the knowledge process provides a promising tool for
systematically using an individual’s knowledge and concludes that the knowledge process
warrants further trialling and exploration in other contexts that require the unlocking of
context-bound knowledge.
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1 Introduction
A defining characteristic of being human is the ability to shape and solve problems. Solving
problems is a core part of human cognitive activity across most aspects of people’s lives.
“All life is problem solving ” claimed Karl Popper (1999). Through the ages the continual
interplay between individuals and their environment has required increasingly sophisticated
reasoning abilities via development of self-awareness, sophisticated conceptual abilities, use
of symbols and language. A quick analysis of the past 1000 years would show that the
dominant culture or paradigm of the time actually changes and shapes the nature and
methodology of problem solving. In the West during the Middle Ages, the approach to
problem solving was embedded in the dominant religious paradigm: things were understood,
reasoned and solved through a religious lens (Fernandez-Armesto 2004 p. 203). With the Age
of Enlightenment came the emergence of the scientific paradigm upon which contemporary
approaches to problem solving are based. This is typified by an approach which is rigorously
analytical, logical and where possible empirically validated.
It is a commonplace observation that the past fifty years has seen an increasingly
sophisticated and complex human environment emerge. The complexity is inextricably
linked with an accelerated speed of scientific and technological change and consequent
growth and specialisation of knowledge. Paradoxically, however, more knowledge does not
mean fewer problems. Rather, this exciting but tumultuous cultural climate is forcing
individuals and institutions to seek new innovative ways of addressing old and new problems.
This research study is important and timely because these conditions support continued
research into problem solving, particularly processes that can utilise knowledge outside of the
problem domain. This has both academic and commercial value.

1.1 Background and context to the study
Unsurprisingly, human centred problem solving has been extensively studied across a diverse
range of research fields including creativity studies, problem solving and analogical reasoning
literature. Often however, knowledge has a ubiquitous, implied, but muted presence in the
research. Knowledge is very much the supporting actor, used to help explain or validate a
particular mechanism often in the form of evidence used to validate the theoretical workings
of a particular model. This is perhaps, to be expected, as problem solving is about just that,
the process of problem solving. However, knowledge needs to play the starring role when the
focus shifts from the problem solving process itself to the actual use of the process to solve a
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problem. This means that it will be the knowledge sourced, created and used that makes the
actual difference to a problem in the field.
Turning to focus on the knowledge itself, individuals need only use knowledge from the
problem’s knowledge domain to solve many problems (Jonassen 2000). In other problem
situations, however, the use of knowledge from outside the problem domain has been shown
to be beneficial. These situations include problem solvers needing to generate novel solutions
to a problem (for example Boden 2001), surmount an impasse by reframing a problem (for
example Ward, Smith and Finke 1999) or address a problem at the limits of their current
knowledge (Ball and Christensen 2009). Similarly, knowledge from outside the problem
domain has been shown to be useful in creativity contexts (see Hunter et al. 2008, Mumford
2003, Runco 2008) in problem-based learning (Jonassen 2011) and in management settings
(Reiter-Palmon & Illies 2004).
The study of extra-domain knowledge being used to address ill-structured problems is less
apparent. Individuals in academic, professional, and policy work settings frequently
encounter this type of problem. The use of knowledge from outside of the problem domain
can potentially contribute towards novel solutions. Existing studies however, provide useful
but dispersed and isolated bodies of information concerning how individuals spontaneously
evoke and use their own extra-domain knowledge when addressing problems.
Context for the current study is drawn from overlapping research fields with a unifying focus
being those mechanisms involved in individuals evoking and using extra-domain knowledge.
David Jonassen’s (1997, 2000) holistic appraisal of problem contexts and problem types and
the need for suitable problem solving approaches provides not only an established typology
for describing aspects of a problem but the typology can also be extended to describe an
individual’s representation of a problem. The stages of problem solving have been well
established by both creativity studies and more generic problem solving studies. There is little
difference in the sequence and sub-processes present in both generic problem solving and
creative problem solving processes with the difference being the quality and type of
knowledge applied in each scenario (Lubert 2000-2001). In creative problem solving, the
element of chance has been seen to play a large role in individuals successfully evoking and
using extra-domain knowledge. A number of recent creativity studies however, have
developed more intentional methods that can be exapted for problem solving involving extradomain knowledge (Finke 1995; Hunter, Bedell-Avers, Hunsicker, Mumford, Ligon 2008;
and Ward, Patterson and Sifonis 2004). Key mechanisms found in analogical reasoning
studies can be integrated and harnessed with the explicit purpose of systematically assisting
individuals to evoke and use their extra-domain knowledge (e.g. Blanchette and Dunbar 2000;
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Gentner 1983; Holyoak 2005). Finally, Feldman’s (2008) analyses of the emerging neural
theory of language provides a unifying theoretical model that ties together these mechanisms
and provides a promising fresh filter for interpreting the phenomenon of knowledge transfer.

1.2 Rationale for the study
Research on discrete elements of knowledge transfer, though extensive, suffer from being
dispersed and have, therefore, been little studied in aggregate. Existing studies provide useful
information concerning how individuals spontaneously and by chance access their own extradomain knowledge. Problem typology studies have provided an increasingly nuanced
appreciation of the different dimensions to a problem but now call for a fitting of appropriate
methods to these different problem types. In particular, the use of extra-domain knowledge to
address ill structured problems has rarely been reported. Creativity studies highlight the value
of using extra-domain knowledge to address problems in novel ways, but remain equivocal
about how this can be achieved systematically. Problem solving studies provide a systematic
way of approaching problems but lack a complete description of how individuals might best
evoke and use extra-domain knowledge when addressing different problem types. Analogical
reasoning studies provide an abundance of information on the key mechanisms and
parameters surrounding how individuals access and use knowledge between analogous
situations but their instantiation in a human-centred process for a problem solver to follow is
lacking and an underpinning cognitive models remain suggestive. Reflecting an embodied
cognition perspective, the nascent neural theory of language provides a fresh cognitive
framework that could be used to interpret the mechanisms involved in individuals evoking
and using extra-domain knowledge but practical instantiations of this approach are also
lacking.
In summary a gap exists. A directed process that has the explicit purpose of evoking and
using extra-domain knowledge is not evident in the literature. Researchers have called for
further exploration of human-centred methods that could assist novices to illuminate the
underlying structures to ‘messy’ real world problems (Jonassen 2010; Novick & Bassok
2005); further exploration of the abstracted dimensions of problems (Ball, Ormerod and
Morley 2004); and exploration of the underlying mechanisms and knowledge structures
involved in abstract ideation during problem solving (Chi & Ohlsson 2005; Dunbar and
Fugelsang 2005; Finke 1995; Howard-Jones and Murray 2003; Hunter, Bedell-Avers
Hunsicker, Mumford, & Ligon 2008). This study begins to address the gap by integrating and
reifying the dispersed mechanisms involved in an individual’s use of extra-domain knowledge
to address complex, ill structured, concrete problems.
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1.3 Aims, scope and significance of the study
Operating from a human-centred perspective the study has two intertwined aims. First, to
extend current theoretical understanding of how individual problem solvers can evoke and use
their own extra-domain knowledge when addressing complex ill-structured problems.
Utilising Jonassen’s (1997, 2000) three dimensional problem typology the thesis explores the
utility of integrating a generic problem solving process with core analogical reasoning and
creative problem solving mechanisms together with an underlying embodied cognition
framework. In particular, it examines how novice problem solvers are potentially able to
move beyond ambiguous, spontaneous approaches currently reported in the literature.
The second related aim was to reify these theoretical considerations in the form of a
knowledge instrument to guide problem solvers and then to explicate the practical dimensions
surrounding problem solvers use of the knowledge instrument. The thesis developed three
simple measurement and profiling devices to trace problem solvers’ representations of their
thinking at specific points of the knowledge process: defining the target problem and ways to
address the target problem; developing a generic schema representing the target problem;
linking to a source situation; and developing new ways to address the target problem from the
knowledge that they derived from their source situation.
For development and control purposes, the scope of the thesis is focused on adult problem
solvers who are not experts in the field of the problem, referred to as ‘novices’, addressing a
single complex, concrete, ill-structured problem. Adopting a pragmatic perspective, the
design science methodology guides a three phased qualitative, empirical, fieldwork based
study. The researcher collected participant data on the useability, content and impact of the
knowledge instrument. The results of this fieldwork provide valuable data about the way
novices are able to link to their extra-domain knowledge and then use that knowledge to
derive new ways to address a complex ill-structured problem.
This study is significant because it provides a prototype human-centred knowledge process
that can be used to generate novel responses to problem situations. The use of knowledge
from distant domains is an important source of innovation, which is of growing significance
in increasingly competitive corporate and academic contexts (DEST 2003; OECD 2002). Of
particular significance is the current study’s focus on ‘ill structured’ problems because
individuals in academic, professional, and policy work settings frequently encounter them;
creativity and novelty in these work settings is highly valued and using knowledge from
outside of the problem domain contributes towards that value; and further research is required
to assist problem solvers in addressing this type of problem situation (Jonassen 2010, 2011;
Mumford, Connelly and Gaddis 2003; Reiter-Palmon, Mumford and Threlfall 1998). This
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thesis is significant because it demonstrates that novices, facing complex, ill structured
problem situations, can create novel responses by systematically mobilising their extradomain knowledge. Assembling and integrating key mechanisms from related fields of
research involving human-centred knowledge processes establishes the argument that novices
can move beyond the ambiguous, spontaneous approaches reported in the literature.

1.4 Specific research objectives
The following research objectives guided the fieldwork component of the study:
Research Objective One
To integrate and reify knowledge transfer mechanisms involved in creativity,
analogical reasoning and problem solving into a single, practical knowledge process.
Research Objective Two
To explore the extent to which novices are able to use the knowledge process to
systematically access and then use their extra-domain knowledge to address a
complex, ill structured, concrete problem.

1.5 The study’s design
The basis of this thesis is a qualitative-oriented, design science fieldwork project that explored
the development of a prototype knowledge process and instrument, and individuals’ use of the
instrument to access and utilise their own extra-domain knowledge. It is not a quantitative
study. Crotty’s (1998) framework guided the selection of the methodologies during research
design. The current study operates from a pragmatic epistemology and embodied cognition
theoretical lens that guides the blending of problem solving, creativity and analogical
reasoning research with concepts from the more recent field of embodied cognition. In turn,
design science research and mixed method methodologies were used to design the fieldwork
that involved: interdependent, parallel streams of research activity; the establishment of an
evaluation framework (Pries-Heje et al. 2008) that catered for the iterative development of
design instruments; the users of the knowledge instrument evaluating its useability and
efficacy; and problem solvers addressing a contemporary problem, forests and climate
change, through the use of the knowledge instrument. The context of this study is important
in discussing quantification and subjectivity. This was an exploratory research project that
involved a field study with a circumscribed time frame, that concurrently developed a
prototype instrument and protocols whilst monitoring its impact on a small number of novices
addressing a complex issue. Unsurprisingly, a range of idiosyncratic, unique data was
generated that guided the iterative development of the tool.
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Given this context, quantification (Chapter 4) was used in a simple but appropriate way given
the research aims. In terms of subjectivity the seminal, exploratory nature of the project and
the relatively small number of participants meant that the researcher subjective assessments
were unavoidable. Instead, using established techniques (see for example, Leedy and
Ormerod 2010, p, 100 thick description) the researcher aimed to present clear, concise but
rich descriptions of data against stated aims in the LINK process (i.e. Pries-Heje et al’s exante evaluation (2008).
The study was split into three phases. During the first preliminary phase the researcher
assembled the initial knowledge process from a synthesis of existing research. The second
development phase involved the researcher trialling and further refining the initial knowledge
instrument with thirteen participants in locations within Canberra, ACT and New South
Wales. During this phase the researcher iteratively refined the initial instrument to produce a
final prototype instrument. Two protocols were used during this phase of the fieldwork. The
main protocol involved the researcher and the participant undertaking the knowledge process
in an informal setting such as a cafe. The second protocol involved the researcher providing
the participant with an overview of the knowledge process followed by the participant
completing the session in his or her own home without the instructor being present. In the
development phase the researcher captured two types of data. First, the researcher gathered
‘instrument’ data on the initial knowledge instrument. Instrument data was a mix of
participants’ feedback on pre-established facets of the knowledge instrument and the
researcher’s observations. Second, the researcher collected ‘impact’ data on participant’s
responses to each of the steps in the knowledge process. The third independent-trialling phase
involved an instructor collecting impact data only. The instructor, who had participated in
phase two of the study, was trained in the use of the knowledge process and was provided
with a guidebook describing each of the steps in the knowledge process. The instructor
conducted the knowledge process with seven participants.
The study is distinguished from studies exploring the real-world use of analogy through its
focus on the active, directed and written use of the problem solvers’ own idiosyncratic generic
schemas to purposefully drive linkages with their extra-domain knowledge. Most other
naturalistic analogical reasoning studies take place within settings where the group, or the
individuals within the group, are seeking to understand or explain aspects of a situation. These
studies appropriately employ a non-interventionist, ‘observe and record’ method of capturing
individuals’ spontaneous use of analogy. The current study also differs from other studies
through its focus on knowledge associated with the analogy not merely the analogy itself.
Typically analogical studies seek concordance between one analogy and another, not the
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secondary aspects associated with the source analogy. Nor is the current study a laboratorybased study focussed solely on explicating a single problem solving or analogical reasoning
mechanism. Qualitative date obtained from this knowledge process study is distinct in
several ways. First, the impact data reflects the interaction between the knowledge instrument
and participants’ thinking. That is, data is collected on both the instrument and the impact of
the instrument on participants’ problem solving deliberations. Second, during the
development phase participants’ data was used to iteratively update each successive version
of the instrument. Third, participants’ impact data represents snapshots of their thinking at
specific points throughout the knowledge process. Finally, the participants’ snapshots can be
traced to gain an indication of the extent to which the participants’ representations were
influenced by the knowledge instrument.
The qualitatively-oriented empirical data was analysed using simple coding techniques with
coding conducted throughout the fieldwork and analysis phases (Saldana 2009). During stage
two extensive data was collected from both participant’s own transcripts, participants’ oral
feedback on the knowledge instrument and from the researcher’s own field notes. The
researcher analysed the impact data using a simple coding procedure that was then used to
understand the extent to which participants drew on their personal knowledge to address the
single, ill-structured problem used throughout this study. Concurrently, a simple comparative
analysis was also conducted on the impact data to gain an indication of the extent to which the
knowledge process generated the observed results. All analysis was conducted in concert with
the existing literature of problem typology, problem solving and analogical reasoning. Data
analysis resulted in two clear outcomes. First, the iterative use of instrument data improved
the useability and sophistication of the knowledge instrument. Second, the data analysis
indicated that the knowledge instrument facilitated individuals’ ability to link to and utilise
their extra-domain knowledge.

1.6 Definitions and terms
This study draws on a number of research domains. Unsurprisingly, the conflicting usage of
terms among studies from these differing domains is problematic. Indeed, Smith (1991, p.2)
laments the confusion between the researchers’ use and the everyday use of fundamental
terms such as problems and problem solving in a single domain of biological research studies.
The current study addresses this concern by clearly defining terms in some detail at the
beginning of each major section within the literature review. These include definitions for
problem types and their characteristics; knowledge and different types of knowledge; problem
solving and the stages in problem solving; creative problem solving mechanisms; analogical
reasoning mechanisms and definitions for a number of underlying cognitive concepts.
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1.7 Chapter summary
1.7.1 Chapter Two

Review of the literature

Chapter Two establishes the theoretical foundations for the study of problem solving and the
evocation and use of extra-domain knowledge. It integrates four distinct but overlapping sets
of research, each of which contributes key elements necessary for the development of the
knowledge process and instrument.
The chapter first provides a standardised set of terms and concepts used throughout this study,
beginning with Jonassen’s (2000) problem typology and nomenclature followed by
definitions for problem solving. The process of problem solving follows, tracing the links
between the scientific process and commonly accepted stages of problem solving. The chapter
then examines the different types of thinking individuals bring to bear during problem
solving. These types of thinking and the problem solving stages are used to frame the
subsequent discussions in the chapter and subsequently form the basis of the study’s
knowledge process.
The chapter then examines creativity studies and analogical reasoning research for problem
solving mechanisms and protocols that focus on the evocation and use of extra-domain
knowledge. Studies from creativity research and analogical reasoning outline a number of
challenges that need to be overcome including detaching the problem solvers thinking from
the problem domain. Mechanisms for meeting these challenges are then examined. Specific
contexts and methods in which the evocation and use of extra-domain knowledge has been
demonstrated are discussed. Particular focus is given to the protocols used to investigate
individuals spontaneously generating analogies and in what settings this takes place and the
differences between expert and novice problem solvers. The use of schemas as both a
problem structuring device and an analogical triggering device is examined in depth. The
chapter then introduces and examines Feldman’s analysis of the emerging neural theory of
language NTL. NTL offers a promising underlying model that can help integrate the
mechanisms involved in individuals evoking and using extra-domain knowledge. NTL
provides a fresh cross-domain perspective for interpreting the study’s findings. The review
concludes by arguing that the important but dispersed bodies of research on the evocation and
use of knowledge can usefully be integrated. Their integration would address the lack of a
method that facilitates individuals to purposefully target, evoke and use their own extradomain knowledge when addressing complex, ill-structured, concrete problems.
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1.7.2 Chapter Three

Research design

This chapter explains the choice of methodology and describes the research design used for
this knowledge study. It details the research questions for the study and then discusses the
key methodological choices underpinning the research design. This research project operates
from a pragmatist perspective that emphasises the research step being asked rather than the
particular method being employed. Creswell (2011) argues that the pragmatist approach to
research “is pluralistic and oriented towards ‘what works’ and practice.” This paradigm suits
this study’s development of a human-centred and complex knowledge process. The design
science research methodology focuses on both the iterative development of the knowledge
instrument and the participants’ constructs evoked in response to the instrument. This
methodology supports the integration of research from multiple fields and the subsequent
conduct of parallel streams of inquiry. Importantly the discussion suggests a qualitative
research project with a limited amount of quantifiable data. The chapter then details the
design and implementation of three research phases. Preliminary phase activities include
assembling, integrating and instantiating the theoretical components into the knowledge
process. The development phase activities include the researcher-led trialling and iterative
refinement of the initial knowledge instrument. The final trial phase activities include the
instructor-led trialling of the final prototype knowledge instrument. The chapter also outlines
the sample of participants, locations for the trial sessions and the data gathering procedures.
The chapter then describes the procedures used for conducting and analysing the case studies
and the assumptions on which the analysis is based. A “directive qualitative method” (Jaccard
2010, p.267) coupled with a comparative design was used to gather data and a simple coding
process was used as a basis for data analysis (Saldana 2009). The chapter concludes by
addressing the potential ethical issues that may have arisen during the fieldwork.

1.7.3 Chapter Four

The iterative development of a knowledge instrument

Chapter Four details the iterative development and refinement to the initial knowledge
instrument. The chapter begins by establishing a number of terms used throughout the study.
It then describes the purpose of the initial knowledge instrument and how it instantiates the
theoretical mechanisms integrated from generic and creative problem solving, analogical
reasoning and the neural theory of language described in Chapter Two above. This is
followed by a detailed description of each of the initial knowledge instrument’s three sections
including the concrete, complex and ill structured problem – forests and climate change - used
throughout the study. The steps within each of the three sections of the initial knowledge
instrument are described including their purpose. The chapter then describes the refinement
of eight versions of the knowledge instrument through a series of thirteen cases. Each of these
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cases is described in terms of the materials and procedures used, the version of the instrument,
and the participants’ responses to the instrument. The modifications made to each of the
instrument’s eight versions are also described using a qualitative approach.
Chapter Four concludes that the evaluation framework supported the development of an
increasingly sophisticated knowledge instrument requiring decreased involvement of the
researcher. Qualitative analysis of the data collected by the researcher indicated that each of
the knowledge instruments’ eight versions, to varying degrees, guided each participant to
systematically source, retrieve, and then use knowledge from a source domain distinct from
the forests and climate problem. The qualitative study findings suggest that the knowledge
instrument had the same impact on participants across both the instructor-led and researcherled participants. Chapter Four finishes by summarising the trade-offs made during the
development of the knowledge instrument and summarises the parameters and caveats for
using the instrument in the field.

1.7.4 Chapter Five

Research findings

Chapter Five details the findings that emerged from participants’ use of the knowledge
process. The chapter’s structure adopts a qualitative approach and follows the order of the
stages present in the knowledge process. Each section begins with an exemplar case to
illustrate how participants responded to that stage of the process. Stage findings are then
discussed including the profiling of participants’ movement in thinking.
Stage one findings indicate that most participants followed the knowledge process and listed
their initial understanding of the forests and climate change problem together with ways to
address the forests and climate change problem. Findings from stage two of the process
showed that all participants developed both text-based and diagrammatic generic schemas
reflecting relations between elements present in the forests and climate problem. Findings
from stage three indicate that most participants used their generic schemas to link to a distant
source situation. Qualitative analysis indicates that the source situations were different and
more distant from the forests and climate change domain than those source situations that
participants ‘spontaneously’ generated in stage one of the knowledge process 1. They then
listed lessons-learned from their source situations. The stage three findings indicate that most
participants derived new ways to address forests and climate change from their lessons
learned. By way of contrast, a minority of participants’ derived new ways from abstract
concepts present in their responses throughout all stages in the knowledge process.

1
Stage one of the knowledge instrument version eight included a step requesting participants to list situations that the
reminded them of the forests and climate change problem.
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1.7.5 Chapter Six

Conclusions

The final chapter integrates the theoretical information and fieldwork data explored in the
thesis and presents the thesis conclusions. The chapter is arranged in relation to the research
objectives and the stages in the knowledge process. Using the findings from Chapters Four
and Five, conclusions are drawn on the utility of the knowledge process in facilitating
individuals to access and use their own extra-domain knowledge. The chapter summarises
how the key mechanisms drawn from related fields of research were usefully instantiated in
the knowledge instrument, illustrating how the use of an individual’s idiosyncratic structuring
of a problem can assist their linking to analogous source situations. The thesis concludes that
the knowledge process differs from existing protocols. The knowledge process assisted
participants to systematically access and then use their own knowledge from remote source
situations to help address the complex ill-structured problem of forests and climate change. It
further concluded that the knowledge process moves beyond the ambiguous, spontaneous
approaches to evoking and using extra-domain knowledge reported in the literature. In line
with the methodology used throughout the thesis these conclusions are grounded in empirical
data and relevant theoretical research literature. Limitations of the thesis are noted including
the lack of quantification and consequently a lack of generalizability of the findings.
Conclusions are also drawn on the implications of using the knowledge process and the
potential for further research is identified.
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2 Review of the Literature
This review focuses on ideas, debates and gaps emerging from research examining how
individuals address ill-structured problems by evoking and then using their own knowledge
from a different problem situation. It integrates key aspects of four research areas: problem
typology, creative problem solving, analogical reasoning, and the neural theory of language.
The review concludes that existing studies from across these four fields of research provide
useful but dispersed findings that indicate how individuals might access their own extradomain knowledge to address an ill-structured problem situation. Despite a great deal of
knowledge existing about discrete creativity and analogical reasoning mechanisms and their
application in the field, a gap exists. To date there does not appear to be an instantiation of
these mechanisms in a problem solving process that an individual could use to access their
extra-domain knowledge when addressing ill-structured problems.
Individuals that are able to utilise knowledge between different situations are an important
source of innovation, which is of growing significance in increasingly competitive corporate
and academic contexts (DEST 2003; OECD 2002). Building innovative, human-centred
methods of knowledge transfer by exploiting established problem solving and reasoning
mechanisms promises to not only address a gap in the existing literature but also provide a
powerful resource for unlocking the full knowledge potential of individuals and, by
association, their organisations.
The opportunity exists to integrate and reify these knowledge transfer mechanisms in an
instrument that could assist individuals to purposefully target, evoke and use extra-domain
knowledge to address a problem. Together with the data generated by an exploratory study,
drawing these theoretical foundations together will assist in the development and use of a
prototype knowledge process.
The review begins by using Jonassen’s (1997, 2000) problem dimensions as a basis for
distinguishing between types of problems and arguing for the need to fit the type of problem
with an appropriate problem solving approach. Individuals need only use knowledge from the
problem’s knowledge domain to solve many problems (Jonassen 2000). In other problem
situations, however, the use of knowledge from outside the problem domain has shown to be
beneficial. These situations include problem solvers needing to generate novel solutions to a
problem (for example Boden 2001), surmount an impasse by reframing a problem (for
example Ward, Smith and Finke 1999) or address a problem at the limits of their current
knowledge (Ball and Christensen 2009).
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Of particular interest to the current study are ‘ill structured’ problems because individuals in
academic, professional, and policy work settings frequently encounter them; novelty and
innovation in these work settings is highly valued and using knowledge from outside of the
problem domain contributes towards that value; and further research is required to assist
problem solvers in addressing this type of problem situation (Jonassen 2010, 2011; Mumford,
Connelly and Gaddis 2003; Reiter-Palmon, Mumford and Threlfall 1998).
A brief overview of the process of problem solving highlights the broad agreement in the
literature on the stages and flows involved. Expanding on D‘Zurilla and Nezu’s (2001)
behaviourist problem solving process, a brief description of the stages of problem solving and
the limitations of a process perspective are discussed. Debate over the type of thinking
employed during problem solving is examined including divergent and convergent thinking
(Brophy 1998; Runco 2008). The review concludes that flexibility in thinking is required by
problem solvers and that different modes of thinking can be used for different purposes at
different stages of the problem solving process including critical thinking (Fisher 2001), and
alternative modes of thought emphasising relationships and movement in thinking, for
example (Basseches 1984:24).
The chapter then examines those problem solving methods and protocols that focus on
evoking and using extra-domain knowledge. The role and sources of knowledge in
generating novelty are discussed with creative problem solving researchers arguing for
novelty and value in problem solving (Boden 2001; Brophy 1998a). Simonton’s (2001)
observation that in many creative problem solving situations chance plays a major role in
generating novel solutions is contrasted with more active approaches to generating novelty
including seeking knowledge from outside the problem domain (Johansson 2004; Mumford
2003; Runco et al 2006). A number of important mechanisms that impact on the evocation
and use of extra-domain knowledge are analysed including: divergent vs convergent thinking
(Brophy 1998; Finke 1995; Runco 2010); focal attention (Howard-Jones and Murray 2003;
Davidson 1995); abstract vs concrete framing of problems (Finke 1995; Ward, Patterson and
Sifonis 2004); and the link between an individual’s breadth of experience and their ability to
associate with ideas from different domains (Mumford 2003).
Creativity researchers such as Finke (1995) argue for the need to detach the problem solvers
thinking from a given problem domain and analogical reasoning studies illuminate how this
might be done and the specific contexts and methods in which the transfer of knowledge has
been demonstrated. The review focuses on the human-centred aspects of analogical reasoning
research including: Holyoak and his colleagues analogical reasoning mechanisms (Holyoak
2005), Gentner and her colleagues structure mapping theory (Gentner 1983, 2010); Blanchette
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& Dunbar’s descriptions of analogical reasoning as problem solving in naturalistic settings
(see for example Ahmed and Christensen 2009; Bearman, Ball and Ormerod 2007; Blanchette
and Dunbar 2000); and research investigating schemas: (Ball, Ormerod & Morley 2004;
Christensen and Schunn 2005; Gick and Holyoak 1983). Key distinctions are explored
including the extent to which problem solvers can spontaneously generate analogies and in
what settings this takes place and the differences between expert and novice problem solvers.
Additionally, the use of schemas as both a problem structuring device and an analogical
triggering device is canvassed.
Finally, given the human-centred focus for this study, the cognitive dimension to
transplanting knowledge was, unsurprisingly, present in all three fields of research reviewed.
Feldman’s (2008) neural theory of language model provides an emerging framework that can
be used to integrate the underlying cognitive mechanisms proposed in creative problem
solving and analogical reasoning as well as a basis for interpreting the results emerging from
this study.
These theoretical foundations form the basis of a research project that synthesises the key
elements present in the literature and instantiates them in the form of a prototype knowledge
instrument.

2.1 What is a problem?
Over the past fifty years researchers from multiple research fields have studied problem
solving with different interpretations and usages of terms (for a small sample see: Checkland
1972; Jonassen 1997; Newell and Simon 1972; Reitman 1964; and Simon 1976). As a
consequence universal adoption of even core problem solving terms is not apparent. Smith
(1991 p.2) laments the lack of agreement in basic problem solving terms among problem
solving researchers in his domain of biological research. He observed that part of the reason
for a lack of agreement was the lack of clarity in the definition and use of the terms “problem”
and “problem solving”. He made the simple proposition that when terms are not specified,
accurate communication of research findings between researchers is compromised as each
researcher may have a different understanding of the terms being used. He further observed
that confusion between the researchers’ use and the everyday use of the terms, problems and
problem solving, was clouding the usage in research studies. To resolve this lack of clarity
Smith urged researchers to clearly define these terms.
The current study draws on multiple fields of research and needs to integrate findings from
these multiple fields. Consequently, this review first builds a suitably comprehensive and
integrated set of terms that coherently guides the study’s design, fieldwork and analysis. In
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building this set of terms space does not permit an extensive critique of different researchers
use of terms. Rather, this study focuses on selecting terms that cohere with one another and
permit the consistent interpretation of the study’s findings. These terms are defined in some
detail as they are used throughout this study.

2.1.1 Problem characteristics
Problems are ubiquitous in daily life and vary greatly in the context in which they present
from informal through to formal settings. They also vary greatly in their characteristics from
everyday problems such as seeking directions for a trip through to answering steps in an exam
setting. In ordinary usage then a problem could be defined as a difficult situation that an
individual has decided requires a solution. Note that not all situations are inherently
problematic or become a problem until an individual decides that the situation needs to be
addressed. To frame the current study’s use of problems requires a further level of specificity.
This study adapts Jonassen’s (2000 p. 65) definition of a problem as having two attributes, a
change in state and value for the solver, to define a problem as:
A situation which if altered or addressed from a current state to a goal state has some
value for the solver/s.
This abstract definition highlights a central aspect of the current study, namely that addressing
the problem provides some value for the solver. As will be discussed below in the problem
solving approach this definition leaves room for both a subjective assessment of value by the
solver as well as an objective assessment of value. The subjective assessment of value also
responds to Smith’s (1991) concerns whether a ‘problem’ was an innate characteristic of the
situation or the result of the interaction between the problem and the solver. For example, a
problem for a student may not be a problem for a professor, a central issue in problem solving
studies concerning novice versus expert problem solving. Smith argued for the inclusion of
the problem task or exercise regardless of whether the solver is adept or not, a position which
the current study adopts. Defining the characteristics underlying problems in this section
clarifies the design requirements of, and suitability for, the current study’s knowledge
instrument discussed in later sections.
Jonassen (1997, 2000) argues that problems can be defined along three dimensions structured-ness, complexity and domain specificity or abstracted-ness. Figure 1 below uses
Jonassen’s three dimensions to provide a simple visual profile that permits rapid comparison
of different problems. Each axis represents a relative scale with one end equating to a
maximum rating for that dimension. Thus, on the dimension of ill structured-ness the furthest
point from the axis intersection equates to a very ill structured problem whilst a point on the
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axis intersection equates to a well-structured problem. For illustrative purposes Figure 1 has
two very different problem types, the blue ‘forests’ problem and the red ‘motoring’ problem.
Before proceeding we will briefly outline each of these problems.
Forests and Climate Change
Forests are one of the greatest environmental challenges—and opportunities—facing
the world in the 21st century. Forests are well known for their ability to absorb
carbon dioxide, but when they are destroyed they release CO2 into the air. This helps
explain why Indonesia, a developing country with high rates of deforestation, now has
one of the highest emissions rates in the world.
Forest loss contributes as much as 12-15% to annual greenhouse gas emissions, about
the same as the entire global transportation sector. It will be practically impossible to
avoid dangerous climate change without addressing this problem.2
Motoring Problem:
If it takes a car travelling non-stop for two hours at an average speed of sixty
kilometres per hour to travel from point A to point B what is the distance between
point A and point B?
At a glance the profiles of these two problems appear to be quite different. Each of these
problems and their dimensions is now discussed further below.
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Figure 2-1. Problem dimensions adapted from Jonassen (2000).
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http://www.wri.org/stories/2010/03/forests-climate-change-and-challenge-redd visited on 29 April 2010
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2.1.1.1

Problem	
  structured-‐ness	
  

The recognition and discussion of a problem’s ‘structured-ness’ extends back at least forty
years to three seminal papers from three different domains: Newell and Simon (1972) from an
information processing perspective, Rittel and Weber (1973) description of ‘wicked’
problems from a policy and planning domain, and Checkland’s (1972) real world problems
from a management system point of view (see for other discussions; Ackoff 1974; Conklin
2001; Horn 2001; Jonassen 1997; Kirchner 1983; Simon 1973; Voss1988; Wood 1983). A
key distinction in studies over this time is between ‘well structured’ problems and ‘ill
structured’ problems. Other researchers have used different terms to refer to the same
phenomenon. For example, D’ Zurilla & Goldfried (1971) discuss everyday problems and
Dunbar and Fugelsang’s (2006) use of the term ‘ill defined’ and ‘well defined’ to refer to
similar elements to structured-ness. Ackoff (1974) used the term ‘mess’ to refer to ‘ill
structured’ and more latterly Conklin (2001) uses ‘wicked’ for ‘ill structured’ and ‘tame’ for
‘well structured’.
Adopting Jonassen’s (1997, 2000) use of the term ‘structured-ness’ this study defines
structured-ness as:
A continuum along which the following dimensions are related or able to be related:
the attributes of the problem, the relationships between attributes of the problem, and
the surrounding parameters for solving the problem.
The elements of this definition are now further explained as these terms are used throughout
this study. ‘Continuum’ refers to variability in structured-ness among problems. At one end
lie problems that are well structured and often have a convergent solution. Classical physics
examination questions are an example. At the other end of the continuum is the notion of ill
structured-ness as in the problem of forests and global warming.
‘The extent to which attributes of the problem are….. related or able to be related’ refers to
the identification and description of problem attributes including the boundaries for the
problem. Well structured problems such as those commonly used in educational settings
typically have all the attributes of the problem clearly presented (Jonassen 1997). The
motoring problem above if it takes a car travelling non-stop for two hours at an average speed
of sixty kilometres per hour to travel from point A to point B what is the distance between
point a and point B, is a good example. Ill structured problems such as forests have multiple
attributes (Smith 1983). Some of these attributes may be known and clear ‘trees being cut
down’; others may be unclear or not knowable: ‘impact of clearing trees in a given region’.
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‘The extent to which relationships between attributes of the problem are….. able to be
related’, refers to clarity around the impact that the problem attributes have on one another.
In well structured problems it is possible to ‘know’ the relationships between problem
attributes even if it is not immediately apparent. For example, in the motoring problem above,
the distance travelled is related to the speed of the car. In ill-structured problems it is not
possible to always know the relationship between problem attributes. For example, “will trees
being cut down in a given region impact on the economic prosperity of family X in the
region?
‘The extent to which the surrounding parameters for a problem…. are related or able to be
related’ refers to three parameters. The first parameter involves the boundaries, constraints
and goals for the problem (Checkland 1972; Rittel and Weber 1973; Voss 1988). Well
structured problems have clear boundaries. For example, the car problem cited above has a
complete set of three factors to provide a solution: time, speed and distance and a welldefined goal, to find the distance travelled. Ill structured problems such as deforestation and
climate change can possess multiple, and sometimes opposing, solutions and goals – for
example, “do the gains of reducing deforestation in region A, outweigh any disadvantages
resulting from region A’s consequent economic decline?” The second parameter involves the
methods to arrive at the solution (Checkland 1972; Kitchner 1983; Ritter and Weber 1973).
Well structured problems have clear methods to arrive at the ‘correct’ solution. For example,
the car problem cited above has a clear answer, 120 kilometres. This problem is solved using
basic well-established mathematical principles. Ill structured problems often have a
multiplicity of methods that can be employed. The use of these methods, like the goals of the
problem, is often subjective and requires discussion and negotiation between those involved
in solving the problem (Checkland 2000). Indeed Ritter and Weber (1973 p.162), reflecting
the real-world context of their ‘wicked’ problems, emphasise this subjective element:
‘Solutions to wicked problems are not true-or-false, but good-or-bad’.
The third parameter relates to the involvement of the problem solver in determining the
solution. As noted above the well-structured problems have a single correct answer that is
independent of the problem solver. The single solution requires that the problem solver focus
on the correct attributes and only those attributes (Jonassen 1997). In analogical studies this is
sometimes referred to as a convergent solution. Ill structured problem solutions are subjective
and in settings such as policy or management require interpersonal negotiation and agreement
between problem solvers. Importantly this also implies that there is no ‘right way’ to define
the problem and that multiple interpretations of the problem are to be expected, and indeed
required. For example, if a problem solver in responding to the forests and climate change
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problem is more concerned with the economic impacts of deforestation then the financial
elements of the problem will play a large role in the structuring of the problem. Structuredness will be referred to and further discussed in the development of the study’s prototype
knowledge instrument.
2.1.1.2 Problem	
  complexity	
  
The complexity of a problem varies according to the number of attributes in the problem and
the number of interactions between those attributes (Checkland 2000; Hummel & Holyoak
1997; Jonassen 2003). Put simply, the more attributes in a problem then the more complex it
will be. For example, the car problem discussed above has a complete set of three attributes to
provide a solution time, speed and distance. To solve the problem requires noting the
interaction between two attributes time and speed. This is an example of a ‘simple’ i.e., noncomplex problem. This study defines the complexity of a problem as being:
The number of attributes and the numbers of interactions between attributes in a
problem.
2.1.1.3 Problem	
  abstracted-‐ness	
  
Jonassen’s third dimension used to describe problems is their abstracted-ness or domainspecificity (Jonassen 2000). He argues that some problems are generic in their nature – such
as puzzle problems – that can be addressed by generic problem solving approaches. Other
problems are more closely tied to a single domain and may require more specific problem
solving approaches. Here domain is defined as:
A field of thought or action3.
For example, of the sample problems cited above, the car problem is more abstract than the
deforestation problem. The car problem cited is structured with the attributes of time, speed
and distance and could equally apply to a plane or boat travelling at any speed in any location.
By way of contrast, the deforestation problem because of its ill-structured nature presents with
multiple attributes and multiple possible problem structures. This multiplicity of attributes
and possible structures reflects the concrete nature of the problem and hence ties the problem
to its context. Using Boisot’s (1998) terms, a problem like forests and climate change is local,
concrete and perceptual and hence most terms used to describe forests and climate change
such as ‘forests’, ‘CO2’ and ‘climate change’ will reflect a local, concrete and perceptual
perspective. By way of contrast, abstract problems are more conceptual and non-local as in
the car problem noted above.

3

The Australian Concise Oxford Dictionary 1989.
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The issue of abstract-ness and the process of abstraction will be taken up later in the thesis but
for now this study defines the abstract-ness of a problem as being:
A continuum along which a problem’s structure is comprised and defined using
conceptual, generic and non local terms or is comprised and defined using perceptual,
concrete and local terms.
2.1.1.4 Problem	
  contexts	
  and	
  problem	
  domains	
  
The foregoing dimensions of a problem can be used to categorise problems (for extended
discussions see Checkland 1972; Dunbar and Fugelsang 2006; Jonassen 1997, 2000; Newell
& Simon 1972; Smith 1991). In these discussions a frequently occurring distinction between
problem types is the context in which they are found. A distinction can be made between
‘real-world’ problems and what Jonassen (1997) refers to as ‘puzzle’ problems. This study
characterises real-world problem types as being, ill-structured, complex and specific to a
particular domain. Puzzle problems can be characterised as being well-structured, simple and
generic (Jonassen 1997). For illustrative purposes these two problem classes can be placed on
a continuum as shown in Figure 2.1 above. Here the two profiles show that the forests
problem is at the real-world end of the continuum whilst the car problem is at the puzzle end
of the continuum. This study defines problem context as being:
The setting in which a problem takes place.
Every problem can be said to sit in a specific field of action or thought. The use of the term
‘domain’ is central to research involving analogical reasoning where a distinction is made
between two domains. The problem domain which the problem solver is working on is
referred to as the ‘target’ domain and the domain that the problem solver links to and derives
knowledge from, is the ‘source’ domain (Blanchette and Dunbar 2000).
This study defines a problem domain as being:
A specific field of action or thought that has data, information and knowledge specific
to that field of action or thought.

2.2 Problem solving and using extra-domain knowledge.
At a meta-level most definitions of problem solving reflect a process view around discovering
an appropriate response or achieving a goal in response to a problem situation (see for
examples Anderson 1980; Dunbar and Fugelsang 2006; Jonassen 2000; and Newell & Simon
1972). This study adopts this process oriented perspective and takes a broad view of problem
solving as:
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A human activity that enables individuals to address conceptual and pragmatic issues
by adopting particular modes of thinking and utilising different sources of data,
information and knowledge.
This rather loquacious definition highlights three key aspects of the current study’s approach
to problem solving – the type of problem, the solver’s mode of thinking and the use of
knowledge to solve the problem. The current study aims to enable an individual to
purposefully and reliably evoke and transplant knowledge from a source domain to address a
problem in a target domain.

2.2.1 How is knowledge defined?
An individual’s use of knowledge is central to the current study. To be clear about how the
current study explores and discusses transplanting knowledge in problem solving some
definitions are required. These definitions reflect usage commonly found across the problem
solving literature (see for examples of use Bearman, Ball & Ormerod 2007; Blanchette and
Dunbar 2001; Jonassen 2000).
Problem solving involves individuals using relevant content: data, information or knowledge
to solve a problem. Following Boisot (1988), the current study makes the following
definitions:
Data: discernible differences in physical states-of-the-world (p. 12); and
Information: significant regularities residing in the data that agents attempt to extract
(p. 12)
This study adopts Davenport and Prusak’s ‘working’ definition of knowledge (1998, p.5):
Knowledge is a fluid mix of framed experience, values, contextual information, and
expert insight that provides a framework for evaluation and incorporating new
experiences and information.
Further distinctions commonly used by problem solving researchers are defined as follows.
Knowledge domain: A specific field of action and thought that encompasses data,
information and knowledge relating to that field
Domain knowledge: Knowledge that is specific to a given domain.
Extra-domain knowledge: Knowledge that lies outside a given domain
Structural Knowledge: Knowledge of an underlying structure of a problem situation4
4
Similar to Hummel and Holyoak’s ‘relational’ knowledge in analogical reasoning: knowledge of schema and rules applied
to schema
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Procedural Knowledge: Knowledge relating to procedures, rules and methods used to
solve a problem (see for example, Chi & Ohlsson 2005, p. 372).
For some problem types and in some problem situations the use of domain knowledge is
inadequate to solve a problem in that domain. Instead through active pursuit or serendipity
extra-domain knowledge is used. The context in which extra-domain knowledge is sought
will be described in some detail below. For now, we simply note that the current study
defines knowledge transfer as being:
A problem solver accessing and using knowledge from one knowledge domain to
address a problem from a different knowledge domain.

2.2.2 Evoking and using knowledge in problem situations
For many problem types and in many problem situations, problem solvers need only use
knowledge from the problem’s knowledge domain to solve the problem (Jonassen 2000;
Tversky & Kahneman 1981; Volkema 1983). There is wide-ranging knowledge management
literature devoted to how problem solvers access this domain knowledge (for a theoretical
discourse see Nonaka and Takeuchi 1995 and for discourse on practical application see
Bukowitz and Williams 1999; Dixon 2000; O’Dell et al 1998). Use of domain knowledge is
especially relevant to applied problem solving contexts where problem solving takes place
within an existing formal framework (Summers et al. 2000; Taylor 2000). A contemporary
commercial example is the notion of ‘best practice’ where typically, a number of exemplar
practices within an industry are identified and then industry practitioners attempt to replicate
them (for extended discussions see Davenport and Prusak 1998; Dixon 2000).
One line of approach seeking to use extra-domain knowledge focuses on group collaboration
bringing together groups of individuals from different backgrounds to address problems
(Davenport and Prusak 1998:38; Dixon 2000:143; Jayanthi and Friend 1992; Johansson
2004:79). This approach is becoming increasingly common in academic circles with the
notion of cross-disciplinary teams using individuals from heterogeneous backgrounds
converging to jointly solve a complex problem (Mitchell 2003:192). The discourse on crossdisciplinary teams solving complex problems is valuable but lies outside of the scope of the
current study. Typically, inter-disciplinary research focuses on the dynamics of having more
than one person addressing a problem: see for example, interpersonal dynamics and the
impact on problem solving and identifying and measuring the benefits of more than one mind
on problem solving outcomes (Brophy 1998a).
Conversely and less typically, when the context permits and a novel solution is required,
individuals down through history have used ideas sourced from outside the problem domain
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(Johansson 2004, Perkins 2001, Simonton 2004). A well known example is Darwin’s theory
of natural selection which was influenced by knowledge from two schools of thought. First,
Malthus’s notion of overpopulation and ‘struggle for existence’ in relation to populations, and
second, Adam Smith’s economic notions of ‘division of labour’ in pursuit of a free enterprise
economy (Bowler 1996 p. 84). This section of the chapter focuses on the process of evoking
and using extra-domain knowledge. The current study uses three overlapping perspectives– a
process perspective, an analogical reasoning perspective and a cognitive perspective to
explore individuals’ evocation and use of extra-domain knowledge. This section first
introduces the notion each of these perspectives before exploring in detail the process and
cognitive underpinnings of analogical reasoning and concludes with a look at the limitations
in adopting these perspectives.

2.2.3 Problem solving as a process
Unremarkably, the process of problem solving mirrors the process of scientific research.
Babbie (1989) cites Wallace’s cycle of science to illustrate the dynamic nature of theory and
research shown below. Here it is important to simply note the steps involved: questioning a
specific issue; developing a theory; generating a hypothesis; operationalising the hypothesis;
testing the hypothesis; analysing the results which in turn may falsify or validate the theory.
This in turn produces further knowledge about the area of interest or generates more steps
(Babbie 1989 p. 45). The very success of science is testament to this form of problem solving.

Figure 2-2. Wallace’s Wheel of Science cited in Babbie (1989).

Abstract descriptions of this problem solving process have remained constant over a long
period of time. As early as 1910 Dewey (cited in Brown 1989) posited the five problem
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solving stages as being 1) problem found, 2) problem formulated, 3) solutions suggested, 4)
development of implications through reasoning and 5) experimental corroboration.
Since this time problem solving as a process receives broad and deep attention in the literature
across a number of overlapping research fields including information processing (see
examples Bradford and Stein 1984; Gick 1986; Newell & Simon 1972, 1996; Smith 1981);
behavioural studies (see for example D’Zurilla and Goldfried 1971; Jayanthi and Friend 1992;
McGuire 20010; case based learning (see for an overview Jonassen 2000); and creativity
studies (see for example Brophy 1998b; Mumford 2003; Runco 1994).
An extended discussion on the merits of each of the different problem solving approaches
noted above is beyond the scope of the current study. Rather this study is restricted to those
studies that illuminate the process of evoking and using extra-domain knowledge in problem
solving and its cognitive underpinnings. Five points from the generic problem solving
process perspective are made.
First, from a process perspective there is broad agreement on the key stages involved in
problem solving (Dewey’s description cited in Brown 1989; D'Zurilla and Goldfried 1971;
Simon & Newell’s (1972) General Problem Solver; and Bradford and Stein’s (1984) IDEAL
problem solving process).
Secondly, highlighting the similarities between problem solving process models does not
mean that there are not important distinctions and limitations between the different models
and the application of the models. Jonassen (2000) comments that he diverges from
mainstream approaches to generic problem solving in arguing that different problems require
different problem solving approaches. He advocates a more nuanced approach and has
developed a framework that aims to ‘fit’ problem solving approaches to particular types of
problems. Similarly, the creativity researcher Brophy (1998a) also argues that the approach
and knowledge required to solve a problem is directly related to the attributes of the problem.
The central proposition is that as problems differ, their contexts differ and, therefore, the
problem solving approaches used may also differ. A problem like ‘forests’ is complex, multifaceted, and open to interpretation with many potential perspectives and options. Very
different from asking a student in a laboratory setting to match pairs of objects on a card
which is intentionally simple and well constrained.
At an abstract level there is commonality in the “flow” of process involved across different
problem solving models. The problem solver first attempts to describe a problem before
solving it. Importantly for the current study, at a descriptive level even a holistic ‘systems’
approach to addressing complex ill-structured problems in the ‘real world’ such as
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Checkland’s (1981) soft systems methodology follows a problem set/problem solve flow.
Focussing on problem solvers’ sense making as they address problems, the first published
book on soft systems methodology in 1981 outlined a seven-stage process that has more
latterly evolved to four stages as follows:
“1) Finding out about a problem situation; 2) Formulating some relevant purposeful
activity models; 3) Debating the situation, using the models, seeking from that debate
both (a) changes which would improve the situation and are regarded as both desirable
and (culturally) feasible, and (b) the accommodations between conflicting interests
which will enable action-to-improve to be taken; 4) Taking action in the situation to
bring about improvement” (Checkland 2000 p. s21).
Similarly, Newell and Simon (1972) developed a method for mapping peoples’ problem
solving approaches as they go through the process of solving a problem. Data derived from
verbal think-aloud protocols are used to first develop generic problem solving sub-strategies
and then an individual’s movement between these sub-strategies as they problem solve are
represented on a problem solving trajectory diagram. Fernandes and Simon (1999) used these
graphs to illustrate differences between the strategies used by medical and law professionals
when solving the complex ill-structured problem of ‘hunger in a country’.
Thirdly, in adopting a problem solving process perspective we note that, as with any process
model, it is a way of arranging observed problem solving activities for the purposes of
explanation and discussion. The current study adopts the view that problem solving in ‘reallife’ often proceeds in a less ordered manner (D’Zurilla 1971; Smith 1991).
Finally, the current study adopts the five-stage process perspective outlined above and for
ease of discussion, sometimes aggregates the five stages into two broad phases: problem
framing and problem solution. Problem framing includes problem orientation and problem
definition stages and problem solution phase includes the remaining three stages solution
generation, decision-making and solution implementation and verification. For similar
treatment of problem solving stages see discussions on convergent and divergent thinking in
creative problem solving (Brophy 1998b; Runco and Numiro 1994).

2.2.4 Limitations to generic problem solving models
The drive for clarity in the generic application of problem solving models outlined above has
led a number of researchers to critique their practical utility (see from an instructional design
perspective Jonassen 2000, 2010; from a creativity studies perspective see Mumford 2003).
Jonassen (2000) agrees that generic process problem solving models serve a descriptive
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purpose but given the wide variation in problems and their contexts, he argues more
specificity in the models is required for them to be of practical use.
In the field of instructional design, Jonassen argues that different classes of problems require
different methods of instruction and that different kinds of knowledge and skills will need to
be brought to bear to solve the problem (Jonassen & Hung 2008). For example, students in
information technology are likely to face ‘troubleshooting’ type problems in the workplace
whereas management students are likely to face “case analysis” type problems. The problems
differ, their contexts differ and, therefore, the problem solving approaches used may also
differ. In response Jonassen (2000) has developed a meta-theory for problem solving that
outlines a more nuanced approach incorporating: i) the problem type and characteristics, ii)
characteristics of the problem solver and iii) the context in which the problem is being taught.
Of particular interest to the current study are ill-structured problems because individuals in
academic, professional, and policy work settings frequently encounter them. Novelty and
innovation in these work settings is highly valued and using knowledge from outside of the
problem domain contributes towards that value (DEST 2003, OECD 2002). Importantly,
further development and trialling of methods to assist problem solvers in addressing this type
of problem situation is required (Jonassen 2010, 2011).

2.2.5 Types of thinking used in problem solving
Most problem solving studies and approaches non-consciously adopt the scientific mode of
thought characterised as analytic, focussing on objects in the context and the categorisation,
rules and logic associated with each object (Nisbett, Choi, Norenzayan and Peng Nisbett
2001). This type of thinking is known as critical thinking: “the ability to interpret, analyse and
evaluate ideas and arguments” (Fisher 2001, p.3). Critical thinking is obviously fundamental
to most standard approaches to problem solving although it has limitations. We will see that
what can be consciously apprehended in a problem is limited and that what the problem solver
focuses on delimits what solutions arise. For example, in order to creatively solve a problem
using knowledge from a different domain requires an individual to focus on relationships
between elements in a problem situation rather than attributes or the elements themselves.
Focussing on relationships between elements in a given situation is not, however, necessarily
a problem solver’s ‘natural’ mode of apprehension. A number of studies challenge the notion
that all normal adults share similar systems of thought. Davidson (1995, p. 125) views the
“historically specific condition of Western-World abstract thinking, developed upon
generations of mathematical, natural science… as not the inescapable condition of human
life.” The important step is: “what alternatives or extensions exist to the analytic western
mode of thought?”
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a) Eastern thinking emphasising relationships
Of immediate interest is Eastern or Oriental thinking. Eastern religious modes of thought
such as Taoist conceptions of reality emphasise process and relationships between things
(Watts 1957). We already know that cultural differences have a significant impact on how
adults conceive of, perceive and interpret their world (Nisbett, R.E., I. Choi, A. Norenzayan
and K. Peng 2001). Nisbett and colleagues characterise the difference between East Asian
and Western modes of thought as holistic versus analytic cognition. Holistic thinking
emphasises the entire context according primacy to the context in determining causality and
uses a form of “dialectic” as the basis for understanding events. In contrast, analytic modes of
thought tend to focus on elements in the context and the categorisation, rules and logic
associated with each object (Nisbett, R.E., I. Choi, A. Norenzayan and K. Peng 2001).
b) Dialectic thinking emphasising movement in reasoning
Dialectic thinking provides some valuable insights for a mode of thinking that might support
applied methods of problem solving involving the evocation and use of extra-domain
knowledge. Dialectic thinking “developmental movement through forms which occurs via
constitutive and interactive relationships” emphasises two important elements in problem
solving – relationships among objects and movement through forms defined as either those
relationships or structures existing between objects (Basseches 1984 p. 24). The process of
thesis, antithesis and synthesis – the heart of dialectic thinking – permits discussion and
integration of multiple interpretations and perspectives on a given event.
c) Objective and constructivist underpinnings influence the type of thinking used in problem
solving
An objective perspective emphasises the re-presentation of reality via mental models and
constructs that can be manipulated. Three key assumptions underlie this perspective: First,
the world consists of a number of objects and events and the key task of the mind is to model
these as accurately as possible. A second assumption is that the representations have a direct
correlation with reality. And a third assumption is that with sufficient exposure and repetition
a person can apprehend the objectively truthful model that can then be shared with others
(Newell and Simon 1972:23; von Krogh et al. 2000:31).
An alternate, but not conflicting, way of viewing the world is a constructivist epistemology
that emphasises sense making. Constructivist perspectives emphasise the subjective outlook
of the world and view cognition as an act of meaning making in dialogue with others, not
merely an act of ‘representation’. “It compels us to realize that the world everyone sees is not
the world but a world which we bring forth with others” (Maturana and Verala 1987 p. 245).
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As will be shown below abstracting away from a given target problem domain is a key part of
utilising knowledge from different problem domains. A constructivist perspective may suit
the abstracting process more than the objective perspective.
These three lines of thought have particular relevance to problem solving research
investigating ill-structured problems. Clearly no single way of thinking is better than another.
Rather, care should be taken in fitting modes of thinking to best effect in a problem solving
process. Jonassen argues that instructional designs for ill structured problems “share
assumptions with constructivism and situated cognition” (Jonassen 2000 p. 64). Conversely,
instructional designs for well structured problems are typically rooted in “informationprocessing theory” (Jonassen 2000 p. 64). Problem solving protocols requiring individuals to
access and use extra-domain knowledge, may benefit from instructing individuals to construct
their own view of relationships among elements within a problem rather than assuming that
they will naturally do so. The notion of directive instructions is also supported in the creative
problem solving research. Empirical studies indicate that providing problem solvers with a
clear idea of the type of solution required, e.g. creative as opposed to practical, can influence
both the quantity and quality of problem solutions (Mumford et al 1997; Runco 1986, Yuan &
Zhou 2002).
A number of conclusions can be drawn from this analysis of problem types. First, individuals
need only use knowledge from the problem’s knowledge domain to solve many problems
(Jonassen 2000). In other problem situations the use of knowledge from outside the problem
domain has been shown to be beneficial (Perkins 2001; Simonton 2004). These situations
include problem solvers required to generate novel solutions to a problem (for example Boden
2001), surmount an impasse by reframing a problem (for example Ward, Smith and Finke
1999) or address a problem at the limits of their current knowledge (Ball and Christensen
2009).

2.3 Creative problem solving and using extra-domain knowledge
This section begins by outlining the filter that the current study used to review the creative
problem solving literature. This is followed by a brief discussion of the value of creative
problem solving before the process of creative problem solving, and evoking and using extradomain knowledge is discussed.

2.3.1 What is creative problem solving?
In order to discuss creative problem solving a few definitions are required. Creativity in
human thought is fragile but highly valued (Amabile 1996; Boisot 1998: p. 263; Cropley
2006; Johansson 2004 p. 14; Mayer 1999). One of science’s enduring narratives involves the
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dedicated individual toiling away on a scientific conundrum when suddenly the mist lifts and
the solution appears in a flash of inspiration - Archimedes is perhaps the most evocative
example or Kekule’s use of the image of a snake seizing its own tail to describe the structure
of the benzene ring (Rocke 1985). This phenomenon has been extensively studied under the
banner of “creativity” and “insight”. Creative problem solving has a more constrained
perspective than generic problem solving in that it aims to: “come up with new ideas that are
surprising yet intelligible, and also valuable in some way” (Boden 2001 p. 95).
Here the elements of novelty and value are highlighted. In addition, the multiplicity of
contexts in which creative problem solving can operate is also important reflected in Brophy’s
(1998a p. 199) pragmatic definition of creative problem solving as: “..seeking original ways
to reach goals when the means to do so are not apparent”.
Importantly, because of the value associated with finding novel and innovative solutions
creative problem solving research often addresses ill-structured complex problems in realworld settings (see for a selection Estrada, Isen & Young 1994; Hunter, Bedell Avers,
Hunsicker, Mumford, and Ligon 2008; Mumford, Connelly and Gaddis 2003; Reiter Palmon,
Mumford, Threlfall 1998).
In terms of the process of creative problem solving, the classic model summarised by
Guilford (1950 p. 451) as: a) preparation b) incubation c) illumination and d) verification; has
been replaced by a more nuanced and segmented process. Mumford and his colleagues have
proposed eight sub-processes involved in creative problem solving that unsurprisingly follow
a similar pattern to the general problem solving process described above: “a) problem
construction or problem finding, (b) information gathering, (c) concept search and selection,
(d) conceptual combination, (e) idea generation, (f) idea evaluation, (g) implementation
planning, and (h) action monitoring.” (Mumford, Mobley, Uhlman, Reiter-Palmon, & Doares
1991 p. 92). More research is required to determine how creative problem solving processes
inter-operate (Mumford 2003; Lubart 2000-2001), however this is not the current study’s
focus. The current study simply notes that there is little difference between generic problem
solving and creative problem solving processes with the difference being the quality and type
of knowledge applied in each scenario (Lubart 2000-2001).

2.3.2 How does knowledge transfer occur in creative problem solving?
This section looks at how knowledge transfer can occur during creative problem solving. In
creative problem solving individuals evoking and using extra-domain knowledge can be
placed along an ‘intentional’ continuum. At one end of the continuum lies a serendipitous use
of knowledge, as in the Darwin example above. Here, through a non-conscious, osmotic
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process, a ‘prepared’ mind wanders, luckily across another knowledge domain, and wakes up
one morning with a synthesis. Simonton (2004, p.6) calls this the ‘genius’ view of creativity.
In a recent review of creativity in science Simonton (2004) contends that empirical evidence
around Creative Problem Solving in science results from the interplay of four factors –
chance, logic, zeitgeist, and genius. He asserts that chance plays the dominant part: “the
creative process is contingent on so many complex and interacting factors that it behaves as if
it operated as a random combinatorial mechanism” (Simonton 2004, p.163, italics in original).
Earlier and in accord with Simonton’s chance view of creative problem solving, Brown
(1989) noted that how this ‘chance’ creative problem solving process worked remained
largely unresolved, not from a lack of ideas, but from a myriad of views and a lack of accord.
Brophy (1998a) also noted this lack of understanding, attributing it to the broad range of
researcher’s perspectives, goals and methods. Brown’s (1989, p. 4) tongue-in-cheek model
explaining Creative Problem Solving can be found in figure 2 below.

Unsolved problem

Discovered or
presented problem

Creative process

A miracle occurs here

Creative product

Unusualness
Valuable

Figure 2-3. Brown's (1989) ‘Confusional’ Model of Creativity.

At the other end of the creativity research continuum, intentional use of extra-domain
knowledge is sought to generate novel solutions (see for a few examples Dahl and Moreau
2002, De bono 1972; Guilford 1968; Hunter, Bedell-Avers, Hunsicker, Mumford, and Ligon
2008; Mumford 2003; and Reiter-Palmon & Illes 2004). Johansson (2004) argues for active
seeking of creative ideas, as distinct from Simonton’s (2004, p.184) observation that chance
has been the primary source for innovative ideas.
A common approach in creative problem solving revolves around reusing knowledge within a
domain to come up with creative solutions. This process of creative problem solving often
involves recombining extant knowledge from within a domain in novel and creative ways
(Amabile 1983; Cropley 2006; Ward Patterson & Sifonis 2004; Weisberg 1999). The
subsequent discussion below, however, focuses on just those aspects of creative problem
solving that throw light on the use of knowledge from outside the problem domain.
Johansson contends that use of extra-domain knowledge can occur in two ways. The first
way is for data, information or knowledge in one context being directly ‘extended’ to fit a
similar but not identical context. Johansson calls this ‘directional’ innovation and cites as an
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example from the business management field Steven Covey’s transfer of the seven habits of
highly successful people from a business setting to a family setting cited in Johansson (2004).
Another variation to this theme is de Bono’s (1972) notion of lateral thinking has gained
considerable traction within business and management circles. Lateral thinking seeks to break
the grip the automated thinking patterns that result particularly from the use of words (Lubart
2000-2001; Scott, G. M., Leritz, L. E., & Mumford, M. D. 2004).
The second way that extra-domain knowledge can be used is what Johansson calls
‘intersectional innovation.’ Intersectional innovation describes a form of knowledge transfer
that ‘drastically increases the chances for unusual combinations to occur’ (Johansson 2004,
p.20). Mumford previously has argued that if individuals versed in one field of endeavour,
connect with a different knowledge domain then unusual and innovative ideas will result
(Mumford 2003). The bringing together of individuals to enhance innovation by capturing a
broad range of knowledge is well established (Brophy 1998b, 2006). Similarly in the
business domain novel approaches for addressing problems also utilise data, information and
knowledge from outside the business domain (Mitchell 2004; Strickland 2003). For example,
the Bell Shakespeare Company and Melbourne Business School have developed leadership
training programs designed to explore corporate leadership themes based on Shakespearian
drama. The aim is to engage workshop participants in the drama and thereby ‘spark lateral
thinking’ (Gettler 2004).

2.3.3 Critical components underpinning the use of extra-domain knowledge
in creative problem solving
Having broadly established that the use of knowledge from outside a problem domain is
desirable and possible in creative problem solving, we will now outline five critical
components underpinning individuals’ evocation and use of extra-domain knowledge.
2.3.3.1 Modes	
  of	
  thinking	
  	
  
Different modes of thinking can be used for different purposes at different stages of the
problem solving process (Brophy 1998; Runco 2008; Reiter Palmon & Illies 2004; Scott
Lertiz & Mumford 2004; and Vincent, Decker & Mumford 2002). Those stages requiring the
generation of novel ideas and/or solutions, including the use of extra-domain knowledge, have
been shown to benefit from what is called divergent thinking (Guilford 1967; Runco, Dow, &
Smith 2006). Runco in a recent paper defines divergent thinking as “ the ability to produce
various responses (Guilford, 1959), some of which are conventional and some original”
(Runco 2010 p.144). For example, a classic example of divergent thinking is the technique of
‘brainstorming’, a technique that encourages the problem solver to generate, uncensored, as
many ideas as they can (Parnes 1957).
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Whilst there is general agreement that divergent thinking techniques can generate new ideas
(measured as fluency) there is less agreement on whether the new ideas lead to creative
solutions. Some research has found only weak evidence for divergent thinking leading to
creative products (Brophy 1998a). Other research points to limitations to techniques such as
brainstorming in that they deliver lots of ideas but the quality of the ideas has been
questionable (Reiter Palmon & Illies 2004; Runco 2008). Most research however, points to a
positive correlation between creativity and divergent thinking (Mumford et al 1998, Runco
1991; Runco, Dow, & Smith 2006; Vincent, Decker & Mumford 2002). Perhaps the
relationship is best described by Runco (2008 p. 95):
“Divergent thinking is really just what the name implies, a cognitive process that leads
in divergent directions. What are you most likely to find in such divergent paths?
Original ideas. You may also find creative ones since creative ideas must be original;
but many ideas, and many good ones, will be original with only ambiguous
creativity.”
The key implication is that the generation of novel ideas including knowledge from outside
the problem domain, can lead to novel and useful solutions, for example the Archimedes and
Kekule examples cited above. Accordingly careful consideration needs to be given to the
mode of thinking being applied or instructed to any stage within a problem solving process.
Divergent thinking alone is not possible or desirable across all stages of the creative problem
solving process. Finke (1995 p. 257) defined convergent thinking defined as: “focussing on a
single idea or possibility, given a collection of facts” and he posits that convergent thinking is
important in stages such as evaluating generated solutions. The accepted position appears to
be that convergent and divergent thinking are seen as being required in cyclical fashion
through the creative problem solving process. Particular emphasis has been placed on this
process occurring at the problem solution phase with new ideas being generated via divergent
processes and then convergent thinking being applied to assess the utility of each idea
(Mumford, Costanza, Threlfall, Baugham & Reiter Palmon 1993).
Finally, Brophy (1998a) argues that most problem solvers, particularly novices, find it
difficult to alternate between divergent and convergent modes of thinking. Until sufficient
experience and knowledge is gained in a given problem domain, novices tend to rely on
known, procedural knowledge. Novice’s reliance on procedural knowledge and problem
exemplars is supported by studies investigating novices’ use of analogy in naturalistic settings
(for example Ahmed and Christensen 2009). The demonstrated difficulty in novices
alternating between different modes of thought in these studies does not imply that novices
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are not capable of different modes of thinking but, rather that they need guidance to do so
(Brophy 1998a).
2.3.3.2 Focus	
  of	
  attention	
  
We noted above how problem solvers can become cognitively locked into a particular
construction of a problem and that this can hinder a creative solution to their problem. In part
this is due to a problem solver’s perception being limited and filtered. Limited biologically,
in that only a finite amount of information can be consciously processed, accessed and filtered
(Cowan 1995). A detailed discussion is beyond the scope of the current study but a number of
key aspects for the transfer of knowledge are now discussed (for a discussion from an
information processing perspective see Boisot 2004; for a discussion from a cognitive
perspective see Dunbar & Fugelsang 2006; for focus of attention and creative solution
generation see Howard-Jones and Murray 2003; and for a discussion on the impact on
analogical problem solving see Hummel & Holyoak 2005). Implicitly, focussing one’s
attention to a certain dimension of phenomena automatically means that some aspects of the
phenomena are noticed whilst others are ignored. Thus, the conceptualisation of a problem is
reflective of those things that are focussed upon. This filtering effect is important at the
problem framing stage because how a problem is framed influences potential solutions
(Amabile 1996; Howard-Jones and Murray 2003; Mumford Reiter-Palmon & Redford 1994;
Runco & Chand 1994, 1995; Volkema 1983; and Ward, Patterson & Sifonis 2004).
Focal attention finds expression in a number of proposed mechanisms for structuring creative
problems. Of prime importance is the notion of “selective encoding” where certain elements
of a problem stand out and form the basis for the problem framing stage (Davidson 1995;
Weisberg 1995). Simonton (2004) argues that successful scientists are distinguished from
novice scientists by their ability to select and concentrate on the critical structural aspects of a
scientific problem.
Focal attention also has a downstream impact on evoking and using knowledge from outside
the problem domain. If a problem is framed using concepts and terms associated with a
specific domain then it is difficult to associate with knowledge outside of the problem
domain. Domain specific terms invite non-conscious but pre-existing reservoirs of knowledge
sometimes referred to as ‘mechanical memory’ (Simonton 1995:480). Similarly, Amabile
(1996) suggests that if a problems solver at the problem construction stage is provided with a
single goal then their thinking becomes more convergent. Consequently, they are less likely to
generate a novel solution, as the single goal will have a more constrained set of associations.
Similarly, Howard-Jones and Murray (2003) found that instructing individuals to ‘de-focus’
their attention from a diagram, before attempting to reinterpret it, enabled the individuals to
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more quickly come up with a new interpretation. Individuals that did not receive the de-focus
instruction took more time to develop a new interpretation.
In summary, what and how a problem solver focuses on constructing a problem has
implications for the novelty of the solutions generated as well as the extent to which they can
draw on knowledge from outside of the problem domain. Potentially, novel ideas and the use
of knowledge from outside of the problem domain are likely to accrue if the problem solver
focuses on the critical elements of a problem then de-focuses on the problem before beginning
to generate potential solutions.
2.3.3.3 Incubation	
  	
  
The commonly cited but inconclusive phenomenon of “incubation” is described as a fallow
period where the problem solver having framed and thought about the problem in some detail,
sets aside the problem and concentrates on other things. Some time later either a solution for
the problem appears either as a consequence of refocussing on the problem or the solution
simply comes to mind (Segal 2003; Seifert, Meyer, Davidson, Patalano, and Yaniv 1994;
Simonton 2004). Incubation is widely seen as the time when extra-domain knowledge may
provide the essential ingredient in providing a novel solution (Csikszentmihalyi and
Sawyer1995; Howard-Jones & Murray 2003; Seifert et al. 1994; Smith 1995).
Different models for explaining incubation exist. One model posits that individuals
unconsciously restructure the problem and integrate knowledge from disparate sources via
associative networks (Simonton 1995). Another model uses a fatigue-dissipation hypothesis
proposing that during incubation the problem solver simply gets a rest! (Seifert et al. 1994).
They extend the notion of incubation by combining two creative problem solving ideas and
argue: “the incubation period can be said to entail an opportunistic assimilation of
serendipitous experiences that sets the associative process on a more fruitful track” (Seifert et.
al 1994 p. 65). Segal (2003) investigating incubation in solving ‘insight’ problems5 proposes
a hybrid incubatory process that involves three stages: 1) an impasse point where the problem
solver cannot solve the problem. At this stage the problem structure is still in the problem
solvers mind; 2) a break during which the mental encoding of the problem solver’s false
assumptions that lead to the impasse begins to dissipate. 3). “Returning-act” stage during
which the problem solver refocusses on the problem but because the false assumptions have
dissipated restructuring of the problem can occur. To test whether incubation was occurring
according to his returning-act incubation theory Segal (2003) established experimental
conditions that most favoured the likelihood of incubation assisting problem solving. Segal
5
A type of “puzzle problem’ that is well structured and reasonably complex but does have a hidden solution – see
Segal(2003) for further explanation.
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set in place two conditions – he only started the incubation phase once the problem solver had
reached an impasse and second he used a well-structured ‘puzzle’ problem with a key insight
solution that had previously been demonstrated to cause an impasse. Segal varied the length
of an incubation period as well as the presence or absence of a demanding task during the
break. His results clearly indicated that those problem solvers who had an incubation period
with a demanding task were more able to solve the puzzle problem. Here ‘demanding task’
refers to providing problem solvers with the task of solving a crossword puzzle. More
importantly, he found that altering the length of the break that the problem solver took did not
affect the ability to generate a creative solution to a problem. He argues that this finding
indicates that unconscious restructuring of the puzzle problem, as proposed by other
incubation theories, was not taking place. Longer breaks in the unconscious restructuring of
the problem should lead to higher rates of problems being solved if the alternative theories
held true. Finally, Segal (2003) issues a note of caution on the reliability of the incubation
phenomenon and cites a 1996 review that found evidence in support for the effectiveness of
incubation in only half of the empirical incubation studies reviewed.
Some researchers regard incubation as an effective response to another creative problem
solving phenomenon– that of ‘fixation’. Fixation is a term used to describe the situation
where a problem solver reaches an impasse because they become fixated with false
assumptions or sets of ideas underlying a problem or a solution to a problem. The fixation
with the false assumptions or ideas prevents the problem solver from reaching a solution
(Finke et al 1992; Segal 2003; Smith 1995). Howard-Jones and Murray (2003) found
incubation effects impacted positively on solution generation in classroom-based settings.
They attributed this to the incubation period breaking the problem solver’s ‘fixation’ with the
problem (Howard-Jones & Murray 2003). In a similar vein some researchers simply describe
incubation as simply “fixation dissipation” (Finke 1992; Smith 1995).
A number of intriguing questions flow from the studies of incubation and fixation. In
particular Segal’s (2003) finding that the length of the break is not as important as resetting
the construction of the problem. First, to what extent does this “returning act” theory hold for
ill-structured problems where there is no single correct answer? Second, is it possible to
purposively reset the problem solver’s fixation of a problem by abstracting the problem?
Third, could the purposive resetting of the problem construction be used to prime the problem
solver’s unconscious to associate with solutions that lie in a knowledge domain outside the
problem domain? Partial answers to these questions can be found in the literature and are
discussed in the sections below.
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2.3.3.4 Abstract	
  versus	
  concrete	
  constructions	
  and	
  the	
  generation	
  of	
  novelty	
  
A number of researchers have shown that the use of abstract constructions can generate more
novel ideas than the use of more concrete specific constructions sometimes termed exemplars,
(see Finke 1995; Hunter, Bedell Avers, Hunsicker, Mumford, and Ligon 2008; Ward 1994;
Ward Patterson & Sifonis 2004; Ward, Patterson, Sifonis, Dodds and Saunders 2002).
Part of the explanation appears to be that the more abstract principles are less constrained and
therefore offer a greater range of possibilities and novelty than more specific and constrained
exemplars. For example, in a series of laboratory-based experiments with college students,
Ward, Patterson and Sifonis (2004) outline a number of factors that impact on individuals
generating novel ideas. First, individuals produced more novel ideas when instructed to use
abstract principles than those individuals provided with no specific instructions on how to
generate ideas. Second, individuals instructed to use concrete ‘exemplars’ generated less
novel ideas than those individuals who were not given those instructions. For example, they
found that individuals will generate more novel ideas from a starting point of “organs sensing
environmental conditions” than a starting point of “eyes in a head” which is more tightly
bound to a pre-existing concrete set of descriptors and used in everyday experience
Ward et al.’s (2004) findings centred on the generation of creative constructions rather than
solving a problem per se. In addition, their experiments were not designed to demonstrate the
solution of a problem using extra-domain-knowledge. They explained their results within a
framework of ‘conceptual expansion’ where a given conceptual domain is extended using
novel examples. For example, an engineer creating a new type of water pump that shares
many features with existing pumps but has a number of novel features. Further, the sources of
knowledge that were used to provide the new features were not explicitly identified save to
say that they were generated from a more generic domain. Nevertheless, two implications for
creative problem solving and the evocation and use of extra-domain knowledge arise. First,
these experiments indicate that the source of knowledge used in the construction of a problem
can influence the knowledge that is applied at the problem solution stage. Second, that more
abstract principles are more likely to be connected to more ‘generic’ knowledge, i.e. generic
knowledge could link to knowledge from outside of the given problem domain. In turn, the
use of knowledge from outside of the problem domain could lead to more original or novel
ideas.
Support for Ward, Patterson and Sifonis (2004) research findings comes from the work of
Hunter et al. (2008) and Finke’s (1995) geneplore (generate and explore) model. Three
aspects of the geneplore model are noteworthy when considering methods for promoting
knowledge transfer. The first concept is that of pre-inventive structures. Pre-inventive
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structures are simple mental representations that are imaginative, ambiguous and open to
interpretation and, importantly, do not attempt to map to any specific aspect of reality.
Second, the process of analogical transfer that involves taking the pre-inventive structure
created in one context and then using it in a new context to generate creative insights (Finke
1995 p. 265). Third, Finke argues that the pre-inventive structure should be an unusual form
in order to generate a new insight. This implies that in a sense you take a skeleton of a
solution and see what problems it can help with! In fact, this is precisely what he advocates:
“A physicist, for example, might try to interpret pre-inventive forms as representing
potentially new concepts in atomic theory or relativity’’ (Finke 1995 p. 277).
In summary, the use of abstract concepts to generate novel and original ideas has been
demonstrated. Abstract forms are able to break the ties with a given knowledge domain and
therefore associate with concepts and information of a more general nature.
2.3.3.5 Association	
  of	
  ideas	
  	
  
A fourth phenomenon involves a proposed cognitive process that allows the problem solver to
make ‘associations’ between disparate and often unrelated ideas from different knowledge
domains. Following Mednick’s (1962) theory of creativity Simonton (2004) argues that
creative individuals make many weak associations between distinct ideas whereas less
creative individuals make few but strong associations between distinct ideas (Mednick 1962;
Simonton 2004). The greater the spread in the ideas the greater likelihood of a new
combination and resulting novelty. Similarly, Howard-Jones and Murray (2003) note that to
generate novel solutions requires a ‘defocussing or broadening’ of attention.
This important insight indicates that at some cognitive level distinct ideas are being
connected. Simonton (2004), however, acknowledges that the associative process remains
unclear (use of extra-domain knowledge is provided through case-study type argument only).
Support for the idea of association comes from Martindale’s (1995) connectionist node theory
that provides a neural processing explanation for this process. He argued that, during problem
framing, attention becomes highly focused and just a few local neural networks or nodes
dominate consciousness. These highly active nodes exert strong lateral inhibition on other
nodes. The other nodes that may represent remote associations of ideas can only become
more active once the focus of attention lessens on the original local nodes (Martindale 1995).
The concept of an association between disparate ideas made possible by an underlying neural
connectionist mechanism is central to the field of analogical problem solving and the neural
theory of language. Both of these concepts will be discussed in some detail in the next
section. For now it is important to note that a key aspect of creativity is the linking of
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knowledge from different knowledge domains and that further research into the ways in
which analogical and associative modes of thought interact to produce novel solutions to
problems is required (Hunter et.al 2008; Mumford 2003).
2.3.3.6 Problem	
  solver	
  attributes,	
  creativity	
  and	
  extra-‐domain	
  knowledge	
  
A comprehensive review of the large body of research into creativity and individual
difference lies outside of the scope of the current study. Instead this section focuses on those
studies looking at where creative problem solvers’ attributes and their use of knowledge from
outside the problem domain intersect. Martinsen (1993, 1995) found individuals inclined to
explore ideas were more likely to look for novel solutions to problems. By way of contrast
another type of problem solver, he termed an ‘assimilator’, was more inclined to rely on their
existing experience and be less likely to seek further information. Similarly, Runco (2010)
argues that those individuals with a smaller range of experience have less knowledge and
ideas on which they can draw and hence their divergent thinking outcomes are less fruitful
than individuals with a richer set of experience. Support for this view is echoed by
Simonton’s (2004) assessment of the characteristics of creative people in the sciences as being
knowledgeable across a range of domains not just their own expert domain. Simonton argues
creative individuals in science have a deep understanding of their own particular domain and
secondly, they “actively participate in various recreational activities including omnivorous
reading, keeping up on results in other disciplines, and intellectual or creative hobbies”
(Simonton 2004 p.173). In particular, the latter findings provide direct evidence of a link with
extra-domain use of knowledge.
By way of contrast, whilst there is variability among individuals with respect to aptitude for
creativity, other studies indicate that any individual when confronted with a novel situation,
can and often does, follow a form of creative problem solving: (Amabile 1997; Brophy
1998a; Mumford, Whetzel and Reiter Palmon 1997; and Reiter Palmon, Illies 2004).
Creative problem solving may not be the preserve of a few gifted artists or scientists although
they may be the most frequently cited, due in part to the esteem with which they are held (see
for a discussion on “eminence” and creativity Runco 2007). This is not to downplay the
importance of the creative contributions like Einstein’s Theory of Relativity but simply to
make the point that many problems and their solutions are relative to the problem solver –
something I’m sure Albert would appreciate.
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2.3.4 Summary of creative problem solving and using extra-domain
knowledge
In summary a number of conclusions can be drawn from the study of creative problem
solving involving evoking and using extra-domain knowledge. Creative problem solving
takes place in wide range of settings and involves the elements of solution novelty and
solution value to the problem solver (Boden 2001; Brophy 1998a). Historically, in scientific
contexts, the element of chance has been seen to play a large role in individuals successfully
using extra-domain knowledge (Johansson 2004; Simonton 2004). There is little difference in
the sequence and sub-processes present in both generic problem solving and creative problem
solving processes with the difference being the quality and type of knowledge applied in each
scenario (Lubart 2000-2001). At the problem construction stage a problem solver’s attention
is limited and what the problem solver focuses on in part determines the type and content of
the solution. At this stage of the process, concrete constructions of a problem will tend to tie
the problem solution to the given problem domain. Once the problem has been constructed a
problem solver will tend to draw on knowledge associated with the construction to solve the
problem (Finke et al 1992; Segal 2003). This is desirable in most cases except with problems
that require novel solutions or in situations where a problem solver has reached an impasse.
Importantly, a problem solver’s cognitive fixation on a problem can be broken by a brief
period during which the problem solver is given a demanding task to fulfil before they return
to the problem (Howard-Jones and Murray 2003; Seifert 1995).
Importantly, a number of studies indicate that at a non-conscious level, disparate concepts and
ideas from different knowledge domains may be accessed more easily by using generic
problem constructions rather than concrete and specific problem constructions (Finke 1995;
Hunter et al 2008; and Ward, Patterson & Sifonis 2004). A number of potential connectionist
cognitive models that assume a neural network underpinning have been used to propose how
ideas and concepts are associated.
Finally a number of researchers argue that creative problem solving is not the sole province of
expert and eminent individuals. Individuals can solve problems creatively when instructed to
do so. In situations where there is a known solution (convergent) a key differentiator between
domain-expert and domain-novice problem solvers is the domain-expert problem solvers are
more able to identify the critical structure underlying the problem.

2.4 Analogical problem solving and using extra-domain knowledge
We have learnt from the creative problem solving literature that when a novel solution to a
well-structured problem is required either because the problem solver has reached an impasse,
or a new solution is required to a problem, then both problem-domain experts and problemPage 40

domain novices seek new and relevant knowledge from outside the problem domain. The
section below in examining analogical studies also highlights the value of using knowledge
from outside the problem domain in applied settings not just for ‘creative thinking’ purposes
(e.g. Holyoak and Thagard’s 1995). For example, in design settings analogies are used to
increase the novelty of potential solutions (e.g. Dahl & Moreau 2002). In academic setting
Clement (1988) showed the use of analogy for re-structuring a problem and Dunbar (1995)
found individuals used analogies iteratively to address scientific conundrums.
Individuals recognising similarity in structures of knowledge between two different
knowledge domains has long been appreciated and over the past one hundred years has been
much studied (see for historical examples Spearman (1927) and Raven (1942) cited in
Sternberg 1977; Tversky 1977). Over this period there has been a number of different terms
to describe the phenomenon and to describe different aspects of the phenomenon. These
include ‘analogical relations’ (see for example Clement 1988); analogical reasoning (see for a
recent overview Holyoak 2005); metaphor and analogy (see for example Gentner 2008;
Lakoff and Johnson 1980); relational thinking and relational reasoning (Doumas & Hummel
2005).
The current study in reviewing the analogy-related literature, concentrates on the humancentred use of analogies to solve a problem by evoking and using extra-domain knowledge.
This section first describes this study’s focus on analogical problem solving, before defining a
number of key terms used throughout the study. This is followed by a description of the
process of analogical problem solving and then provides a brief overview of its key
components.

2.4.1 Analogical reasoning components and terms
The field of analogical reasoning research covers a wide spectrum of interests and
perspectives reflecting the fundamental ubiquity of the phenomenon. Three broad overlapping
research perspectives can be discerned. First, analogical reasoning mechanisms theory and
application exemplified by Gentner and her colleagues structure mapping theory (Gentner
1983); Holyoak and his colleagues information process perspective combining analogical
reasoning mechanisms as a process (Holyoak 2005); and Sternberg’s (1977) analogical
reasoning and general intelligence. Second, analogical reasoning computational models (see
for example Falkenhainer, Forbus and Gentner’s (1989) structure mapping engine SME and
Hummel and Holyoak’s (1997, 2003) Learning and Inference using Schemas and Analogies
LISA). Third, analogical reasoning as problem solving, for example, Dunbar’s (1995,1997)
investigations of spontaneous analogising in scientific settings and Gick and Holyoak’s
(1980,1983) studying the generation and use of schemas involving well-structured problems.
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Given the breadth of research perspectives it is necessary for the current study to specify its
particular focus. The current study focuses on just those analogical reasoning mechanisms and
processes that assist a problem solver to evoke and use extra-domain knowledge when
addressing problems. In adopting a human-centred perspective a number of interesting
debates and discussions in the analogical reasoning literature are out of scope, for example,
computational instantiations of analogical reasoning models.
A number of key terms are now defined. First, the study adopts Gentner’s (2008) terms for
analogy as follows:
“An analogy is ‘a mapping between two represented situations in which common
relational structure is aligned” (Gentner 2008 p. 109).
Second, the two represented situations are termed analogs adapting Holyoak’s (2005)
definition as follows:
the situation being assessed in some way is termed the target situation and the
situation that is evoked being the source situation.
Third, the term ‘schema’ is used in the manner found in much of the analogical literature.
Schemas equate to a “patterned” concept, akin to an unconscious heuristic or principle, that a
problem solver creates and then uses in reasoning. The current study summarises and adapts
Chi & Ohlsson’s (2005 pp.174-175) comprehensive description of a schema as:
•

“Bounded units of knowledge”;

•

codifying an individual’s recurring patterns of experience;

•

“are retrieved or activated as units”;

•

are formed at different levels and operate at different levels of abstraction; and

•

elements of a schema are ‘slots’ that can have different values

Fourth, the phrase ‘ideographic representations’ is used in the study. Ideographic
representations use pictures, diagrams and symbols to represent and describe problems. They
are used to reduce or replace either large tracts of texts or spoken representations of problems
(Bassok and Holyoak 1989).

2.4.2 Analogical reasoning mechanisms
This section introduces analogical reasoning mechanisms as they apply to solving problems.
Holyoak’s (2005) process model of analogical reasoning involves four entities: source and
target analogs, inferences and schema. The four entities are related by four processes:
retrieval, mapping, transfer, and learning that operate in the following manner. A source
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analog is retrieved from memory in response to the target analogy. Structural and object
elements are mapped between the source and the target analogs and if enough structural
elements correspond then information and knowledge can be transferred from the source
analog to the target analog. The problem solver can sometimes draw sufficient inferences
from similar analogs to develop an abstract schema. The abstract schema may then be used to
address further problems to which the current target and source problems correspond (Chi &
Ohlsson 2005; Holyoak 2005).
Holyoak’s (2005) process account of analogical reasoning arguing is consistent and
complementary with other researchers perspective on analogical reasoning. This process
account of analogical reasoning broadly encompasses the work of many other researchers in
the field and importantly does not conflict at the human-centred, concrete level at which the
current study operates (see for example Blanchette and Dunbar 2001; Clement 1988; Dunbar
& Fugelsang 2006; Gentner 1983; Hummel and Holyoak 1997). Gentner and her colleagues
have generated an important line of research focussing on the mapping of analogies. This
research describes the structural elements of an analogy: predicates; attributes and nodes;
superficial and structural mappings between analogs. Importantly, it has illuminated the types
of structural relations within an analog including first and second order relations that are in
turn used to map to other analogs (Gentner 1983, 2008). Similarly, Dunbar and Fugelsang’s
(2006) cognitive-flavoured perspective reflects computational models developed to help
elucidate analogical reasoning. They argue for five sub-processes. Retrieval, a state where the
target situation is held in working memory and a source situation is retrieved from long term
memory; mapping, where both the target and source are held in working memory and
elements and relations of each are dynamically mapped to one another; evaluation where the
individual assesses whether the source analogy will be useful based on the types and number
of mappings made; abstraction, isolating the common structure underlying both the target and
source analogs; and predictions, predicting what impact that the knowledge gained from the
source situation will have on the target situation6 (Dunbar & Fugelsang 2006).
Researchers appear to have only recently developed process models incorporating all the
analogical reasoning mechanisms described above. As recently as 2003 Gentner (2003 p.
111) noted, “at present no model fully captures human analogy processing”. Consequently, it
is perhaps unsurprising that there is a dearth of studies investigating analogical reasoning
mechanisms as a single problem solving process. There are, however, many studies
investigating the use of analogy and analogical mechanisms in problem solving situations.
6

Note in this description the term ‘situation’ is substituted for problem. Situation connotes a broader class of phenomenon ie
a situation may not be a problem. The individual may just be trying to apprehend what is going on. A problem is a special
type of situation that the individual (problem solver) is seeking to address or solve.
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The remainder of this literature review examines the different approaches to studying
analogical problem solving and how analogical mechanisms are involved in the evocation and
use of knowledge between target and source domains.

2.5 Three approaches to evoking and using extra-domain
knowledge during analogical problem solving
This section discusses three overlapping but distinct approaches to transferring knowledge
through the use of analogical problem solving discerned in the literature. First, individuals
addressing well-structured problems through the retrieval and use of previously learnt source
analogies that converge onto an analogous solution. Second, individuals spontaneously
generating analogies during problem solving from which relevant knowledge from outside the
target problem domain can be used to address the target problem. Third, individuals using a
schema mechanism to either a) access and retrieve source analogs (ie problem situations) that
have associated knowledge that can be used to address the target problem; or b) directly
address the target problem.
Each approach is described in terms of its purpose, the major findings as they relate to the
current study, and opportunities for exploration in the current study before concluding with a
discussion of relevant research protocols used in the approach.

2.5.1 Pre-loading approach
A number of important studies have ‘pre-loaded’ problem-solvers with source analogs prior to
presenting them with the target problem. Their purpose was to investigate the mechanisms of
retrieval of analogs and the mapping between analogs during the problem solving process. In
terms of evoking and using extra-domain knowledge to solve problems, five dimensions are
important to consider.
First, prior exposure to an analogous source problem aids a problem solver to solve an
analogous target problem at a greater rate than problem solvers who have not been given the
analogous source problem (Gick & Holyoak 1980,1983). For example, Gick and Holyoak
(1983) found that thirty percent of problem solvers who had previously read an analogous
source problem and solution solved the target problem successfully. This compared
favourably with the control group who had not been provided with the source analog and
solution where only ten percent of the control group solved the target problem (Gick &
Holyoak 1983 experiment 2). Importantly, they found that if the problems solvers were given
a hint to use the previously provided source analogy and solution then the number of
successful solutions rose to over 80 %. This finding indicates that a problem solver will often
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incorporate knowledge from a single instance in the form of an analogy, however, retrieving
the analogy and knowledge to address a future problem requires prompting.
Secondly, providing the problem solver with distillations of the source problem and solution
in the form of a general concept or a diagram has been shown to increase the problem solver’s
ability to solve a target problem when a hint is also given to use the abstraction (Gick &
Holyoak 1983 experiment 3, experiment 5; Schunn and Dunbar 1996). Support for the use of
abstract schemas in solving a target problem has also been found by Clement (1980) who
used the term general principle for the abstraction. The use of schema induction and analogy
will be discussed further in section 2.6.3 below.
Thirdly, in Gick & Holyoak’s (1980) study the timing of the provision of the analogous
source problem, either before or after the presentation of the target problem, did not appear to
impact on the problem solver retrieving the source problem when solving the target problem.
That is, in a reverse protocol, the problem solver was first asked to solve the target problem
and then, after ten minutes, was instructed to take a break during which the problem solver
was asked to read and summarise the source problem. The problem solver was then asked to
return to the target problem. In this experimental protocol successful solution of the target
problem varied little between those problem solvers that were shown the source problem
before or after the target problem (Gick & Holyoak Experiment 5 1980). This finding
contrasts with Dunbar & Blanchette (2001) who found that problem solvers presented with a
target problem and then a source analog used the source analog (without prompting) to
address the target problem.
A fourth dimension to evoking and using knowledge between domains concerns repeated
exposure to analogous source problems prior to being presented with a target problem.
Providing problem solvers with multiple instances of analogous source problems aids their
retrieval of those source problems (Catrambone & Holyoak 1989; Gick & Holyoak 1983).
Gick and Holyoak found that getting problem solvers to work with multiple source analogs
and, importantly, instructing them to identify the commonalities between the source analogs
prior to being presented with the target problem raised the rate of problem solution. As with
the single source analog protocol if they were given a ‘hint’ to use the source analogs then
over 90% of the group successfully found the solution. Equally the use of a diagram that
illustrated the underlying structure of the solution was observed to be beneficial in the
multiple source analog scenario both before and after the hint.
Fifth, the use of preloaded analogous knowledge from one domain to solve a target problem
in another domain has been shown to occur without the problem solver being aware that they
have used the source knowledge (Schunn & Dunbar 1996). Schunn and Dunbar (1996) refer
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to this as ‘implicit analogical transfer’ or priming. In essence they argue that solving a source
problem that centres on a central concept – in their study the concept of ‘inhibition’ was used
to prime the problem solver to apply this concept in subsequent problems scenarios. The
notion of semantic priming has been observed in the cognitive research literature outside of
problem solving. For example, priming has been shown to impact on the speed with which
individuals comprehend concepts and facts from stories (Ratcliff & McKoon, 1988; Seifert,
McKoon, Abelson, & Ratcliff, 1986) and for impacting on individual response times in freeassociation tasks (Graf, Shimamura, & Squire, 1985).
From a problem solving perspective, a priming mechanism posits a cause and effect link that
prior exposure to different stimuli at the problem framing stage can have on subsequent
solutions. From a cognitive perspective, Martindale’s (1995) connectionist theory argues that
a non-conscious level, the individual’s response to a stimulus creates specific mental
associations. These associations then spread through the mental network generating a
diversity of possible ideas. He argues that, during problem framing, attention becomes highly
focused and just a few local neural networks or nodes dominate consciousness. These highly
active nodes exert strong lateral inhibition on other nodes. The other nodes which may
represent remote associations of ideas can only become more active once the focus of
attention lessens on the original local nodes (Martindale 1995; Anderson 1983; Collins &
Loftus 1975; and Ratcliff & McKoon 1988). See also Foroni and Mayr (2005) for a
discussion on individuals modifying their automatic categorisation (occurring at the nonconscious, abstract level) following the reading of a short text. In short, priming can have a
positive or a negative effect depending on the situation. In problem solving situations that
require retrieval of source analogs priming can assist the problem solver if the problem solver
is primed with a common relevant central concept (Schunn & Dunbar 1996). However, as
noted in creative problem solving above, in situations where the problem solver has become
fixated on a particular problem or in situations where the problem solver is required to
develop a novel solution, priming could inhibit the ability of the problem solver to shift to an
alternate conception of the problem.
In summary, studies have shown that individuals can be assisted to solve a well-structured
target problem using knowledge from outside of the target problem domain in the following
situations:
1. Presenting the problem solver with either single or multiple stories of analogous
problem situations prior to providing them with the target problem;
2. Prompting a problem solver to use the previously given source analogs
dramatically increases their ability to solve a subsequent target problem. This has
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important protocol design consequences for contexts, such as learning
environments, in which the aim is to maximise the problem solvers ability to
problem solve rather than leaving it to chance;
3. Prompting the problem solver to use distillations of the source problem and
solution in the form of a general concept or a diagram; and
4. Instructing individuals to solve an analogous source problem (ie individuals are
not ‘presented with the solution’) before asking them to solve the target problem.
This scenario differs from the previous three ‘presentation’ scenarios outlined
above in that the problem solver had to actively solve the analogous source
problem, i.e. they were not just ‘presented’ with the solution
2.5.1.1

Aspects	
  of	
  protocol	
  and	
  flow	
  

To illuminate possible areas for further research we now need to examine the flow of problem
solving protocols used by previous researchers. Figure 2.5 illustrates the flow of the
preloading process against the five stages of problem solving used for this study using the
Gick and Holyoak (1983) study.
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Figure 2-4. Preloading analogical problem solving process using Gick & Holyoak (1983).
A number of aspects used in this protocol are important to note for the current study as they
point to limitations and hence opportunities for further research. First, the protocol presumed
a ‘convergent’ solution to the well-structured target problem ie a ‘correct’ answer to the
problem exists. This enabled the researcher to develop ‘convergent’ analogous source
problems based on central structural elements of the well-structured target problem. Second,
prior to being presented with the target problem, individuals spent time studying one or more
of the source analogous problems (process 1 in figure 2.5 above). The hypothesis was that
individuals would learn from the analogous source situations and form an abstract ‘ problem
schema’ that could be used to address subsequent analogous target problems. In this protocol
retrieval of the ‘problem schema’ was sought. Indeed, the presumption of an ‘a-priori’ source
analog was central to this conception of analogical problem solving:
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‘A paradigm for investigating analogical problem solving must satisfy two basic
requirements. First, a relevant known analog must be available to the subject.
Provision of a story analogy prior to the radiation [target] problem fulfilled this
prerequisite’ (Gick and Holyoak 1983 p. 4 (italics mine)).
Third, the key intent behind the pre-loaded protocol is for the participant to retrieve the
recently developed problem schema or recently provided source analog when they were
solving the target problem. This means that the focus was on retrieving the recently developed
schema as opposed to accessing and using the individuals pre-existing schemas. Fourth,
directing the problem solvers attention on specific aspects of a problem impacts on both the
quality and type of response. Researchers examining the mapping processes between analogs,
have found that problem solvers will focus, as instructed, on the main goals of the experiment
“pragmatic central propositions’ (Spellman & Holyoak 2006). Further, they suggest that for
ill-structured problems where all the factors are unable to be mapped participants should be
instructed to selectively focus on ‘goal relevant aspects of the source and target’ (Spellman &
Holyoak 2006). Similarly, shifting your point of view on a problem will impact on both the
framing and solving of problems. A good example is Chi & Ohlsson’s (2005 p. 385) concept
of ‘vantage point’:
“ used in declarative knowledge. ..when solvers were in an impasse after having two
non-progressive moves out of their problem solving state, they could resolve their
impasse if they shifted their point of view.”
Finally, the preloaded approach begins with presenting the participants with the source
analogies and then presenting them with the analogous target problem. This flow depicted in
figure 2.6 below is important as it will not be applicable to those problem contexts where a
pre-existing solution cannot be provided.
In summary, the pre-loaded approach provides some valuable insights into how problem
solvers might access and retrieve knowledge from source domains. Importantly however this
protocol (for good reasons) is limited to those problem situations that have a known solution.
For those problem types and problem contexts where there is no known solution a different
protocol is required.
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Figure 2-5. Preloading approach showing the flow of the process used in Gick & Holyoak (1983).

2.5.2 Spontaneous approach
We have seen that when a problem solver addresses a target problem that has a convergent
solution after they have been provided with analogous source problems (with a similar
convergent solution); and or schemas describing the analogous source problems; and
diagrams representing an abstraction of the source analogs, then the problem solver will be
more likely than control groups to solve the target problem (Gick & Holyoak 1983). Further,
when the problem solvers were prompted to use one or more of the source
analogs/representations then the problem solvers’ success rate in solving the target problem
rose to at least 80%. However, researchers, surprised at the relatively low success rate that
this experimental protocol achieved in assisting problem solvers to address target problems,
sought to investigate analogical reasoning in more naturalistic settings (Ball, Ormerod and
Morley 2004; Bearman, Ball & Ormerod 2007; Dunbar 1995, 1997; Gentner 2003).
Accordingly, a number of studies emerged that explored the extent to which problem solvers
spontaneously generated analogies when addressing a target problem. The literature shows
that individuals in a wide variety of ‘naturalistic’ settings spontaneously retrieve a source
analogy to illustrate or explain issues of interest to their audience (see for examples in
academic settings Blanchette & Dunbar 2000; Clement 1988; for scientific settings e.g.
Dunbar 1995, 1997; for design settings, e.g. see Ahmed & Christensen 2009; Ball Ormerod &
Morley 2004; Christensen and Schunn 2007; and for a management example see Bearman,
Ball & Ormerod 2007).
In terms of evoking and using extra-domain knowledge three dimensions are important when
considering the spontaneous retrieval of analogies: the way problem solvers use analogies; the
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problem solvers’ level of domain knowledge and the distance between the knowledge
domains involved in the analogies.
2.5.2.1

Problem	
  solvers	
  use	
  analogies	
  in	
  different	
  ways	
  	
  

Problem solvers have been shown to use analogies in at least three ways. First, without
explicit instructions to do so problem solvers spontaneously retrieve analogies when they are
attempting to solve a target problem, either in groups or individually. Many studies report
problem solvers retrieving source analogies whilst working in groups on problems (e.g.
Bearman, Ball & Ormerod 2007; Blanchette & Dunbar 2000; Dunbar 1995, 1997). A number
of studies also confirm that individual problem solvers will spontaneously retrieve source
analogies during problem solving (see for example Ahmed and Christensen 2009; Bearman,
Ball & Ormerod 2007; Clement 1988). Clement (1988) found that expert domain-knowledge
problem solvers in a scientific setting when solving a well-structured ‘spring’ problem,
generated source analogs (he refers to as schemas). Problem solvers used these source
analogs to assist in solving the problem. Similarly, Ahmed and Christensen (2009) found that
novice domain-knowledge problem solvers in a design context also retrieved source analogies
to address concrete, well-structured design problems.
Secondly, problem solvers often use source analogies to better understand and frame the
target problem: (Ahmed & Christensen 2009; Christensen and Schunn 2007; Clement 1988;
Dunbar 1995, 1997). For example, Clement (1988) found that domain expert problem solvers,
when working alone on well-structured problems, most commonly used analogy to
‘transform’ the target problem7. In this study problem solvers used both oral and written
means of discussing the source analogy and its associated knowledge whilst they were
framing the target problem. The subsequent transformation of the target problem enabled the
problem solvers to solve the problem. Support for transformation of problems though the use
of source analogies comes from more recent studies by Ahmed and Christensen (2009) who
found that more experienced designers used source analogies to qualitatively reason about the
efficacy of proposed designs and subsequently, if required, alter the designs.
Thirdly, problem solvers use analogies to illustrate aspects of the target problem during
problem solving to their colleagues. Dunbar found that in a ‘naturalistic’ laboratory setting
groups of scientists whilst addressing concrete well-structured problems, for example the
structure of a virus, used analogies to illustrate the target problem to colleagues (Dunbar
1995,1997). Similarly, Bearman, Ball & Ormerod (2007) found that domain-novice problem

7

As opposed to problem solvers using the source analogy as a form of solution
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solvers in a management setting also spontaneously retrieved source analogies to illustrate
aspects of the management problems.
2.5.2.2

The	
  problem	
  solver’s	
  level	
  of	
  domain	
  knowledge	
  

Given the right conditions, both experts, defined as problem solvers with a high level of
domain knowledge, and novices spontaneously retrieve and use source analogies when
addressing problems. Both experts and novices use the analogies to either suggest solutions
for target problems or illustrate aspects of the target problems (Ahmed and Christensen 2009;
Ball, Ormerod and Morley 2004; Bearman, Ball & Ormerod 2007; Blanchette and Dunbar
2000; Christensen and Schunn 2007; Dunbar and Blanchette 2001; Holyoak and Thagard
1997).
However, the problem solver’s level of domain expertise does impact on their retrieval and
use of extra-domain knowledge across a number of dimensions. The first dimension concerns
their ability to map underlying structures between source and target problems. A number of
studies have noted that experts tend to focus on the critical underlying aspects present in a
target problem whereas novices are less able to do so and tend to focus on superficial or less
relevant elements within a problem (Chi, M.T.H., P.J. Feltovich and R. Glaser 1981; Holyoak
& Koh 1987; Novick 1988). In a management setting Bearman, Ball & Ormerod (2007)
found that novices were able to retrieve and use analogies based on ‘first-order structural
relations’ not just superficial mappings, particularly if novices drew upon their wider
experience outside of the knowledge domains. Here, first-order relations refer to mappings
across the source analogy to the target that involves inferences between elements not just the
attributes of the elements themselves. An example would be not just mapping a ‘bus’ for a
‘car’ but using the size relation between the two objects to draw a parallel, perhaps, ‘smaller
modes of transport use less fuel’ in one analog that would transfer to another analog as
‘smaller engines pollute less’. Indeed, Holyoak and Thagard (1997) argue that young children
demonstrate the capacity to spontaneously use analogical reasoning. Similar studies support
this assertion (Brown, Kane, & Echols 1986; Holyoak, Junn, & Billman,1984).
Second, in general, experts have been shown to make more extensive use of analogical
reasoning than novices. Ahmed and Christensen (2009) found experts will use analogy across
all the problem solving stages whereas novices restrict their use of analogy when generating
ideas at the concept design phase. Experts were shown to use analogies to qualitatively reason
about the target problem using the source problem as a sounding board. Novices tend to
generate analogies at the solution generation phase of the design process but not use the
analogy to reason about the merits of the generated solution. Dunbar (1995) similarly found
that analogy was often used during conceptual discussions. Similarly, Barnett and Ceci (2002)
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argue that a problem solver with a deep understanding of a ‘principle’ is better able to transfer
the principle to other domains.
Third, the context in which the problem solving takes place and expectation of the problem
solver impacts on novices’ use of analogy. A number of studies have found that novice
designers primarily use analogies from within the same domain often in the form of domain
exemplars (Ahmed and Christensen 2009; Bearman, Ball & Ormerod’s 2007). Novice
designers retrieval of within-domain analogies is aided by within-domain analogies often
bearing superficial as well as structural similarity to the target design problem. Bearman, Ball
& Ormerod’s (2007) study, whilst not investigating the knowledge domains from which the
analogies arose, found that the novices generated mostly ‘literal’ analogies to address a target
problem i.e., analogies that combine both structural and superficial similarities.
A final dimension concerns the extent to which the problem solver retrieve and use abstract
descriptions of problems to solve problems. Ball, Ormerod and Morley (2004) found that
found that novice engineers (masters level students) used case-based analogies almost
exclusively whilst expert engineers were able to use both schema-based analogies and casebased analogies. Christensen and Schunn (2007) also noted experts extensive use of
abstractions when problem solving in design settings.
2.5.2.3

Analogical	
  distance	
  	
  

The distance between the source and target knowledge domains impacts on the problem
solver’s retrieval of source analogies. In most contexts, the closer the source analogy is to the
target problem, the more frequently it will be accessed (Christensen and Schunn 2007;
Dunbar 1993, 1995; Gentner, Ratterman and Forbus 1993; Holyoak and Koh 1987).
Research indicates that problem solvers in real world settings use within-domain and
between-domain analogies at different times and for different purposes during problem
solving (for example in medical settings Dunbar 1995; educational settings: Barnett and CecI
2002; engineering settings Ahmed & Christensen 2009; Ball & Christensen 2008; Christensen
and Schunn 2007; and management settings Bearman, Ball & Ormerod 2007). In real world
settings the extent to which problem solvers retrieve within-domain or between-domain
source analogies depends on the context in which the analogising is taking place; the nature of
the target problem, the purpose of the analogy and the level of domain knowledge of the
problem solver.
In contexts where problem solvers are discussing a concrete, well structured problem such as
a design instrument or a structure of a virus, problem solvers will mostly draw on source
analogies from within the same domain (Ball, Ormerod and Morley 2004; Christensen and
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Schunn 2007; Dunbar and Blanchette 2000). For example, in a medical laboratory setting,
Dunbar (1995) found that scientists, when discussing the resolution of a concrete fairly well
structured target problem, more frequently used superficial mappings to retrieve source
problems from within the same knowledge domain. However, when constructing hypotheses
they were more likely to retrieve more distant source analogies (Casakin 2003; Dunbar and
Blanchette 2000)8. Similarly, in an engineering setting Christensen and Schunn (2007) found
that engineers were more likely to retrieve source analogies from within a domain when
discussing concrete prototypes. Whereas they were more likely to retrieve source analogies
from outside the problem domain when they were discussing ideas relating to the target
problem or sketching their own representation of the design problem. Ahmed & Christensen
(2009) also found that novices, when addressing concrete target problems, more often
retrieved source analogies from within the same knowledge domain than experts who
retrieved analogies equally from within and between knowledge domains.
By way of contrast, Ball & Christensen (2009) found that during two design meetings expert
engineers used between-domain analogies during all phases of the problem solving process,
i.e., problem identification, solution generation and solution testing. Analogical distance
means that there is more than one way to reach novel solutions to a target problem, either
through a series of intermediate bridging source analogies or through a leap of insight using a
remote source analogy. Examples for both of these strategies can be found in the scientific
literature with citations sometimes mixing the two strategies. Take a classic example cited as
a transfer of knowledge between two distant knowledge domains – that of the Bohr model of
the atom (the target problem) and the structure of the solar system (source problem), (Dunbar
& Fugelsang 2006). Following the genesis of the analogy reveals that the Bohr model of
atomic structure could also be interpreted not so much as a result of an ‘insight’ moment
directly deriving the atomic structure from that of the solar system but that it emerged from a
series of previous analogous models that contained elements of the solar system source
analogy. The Bohr model in fact evolved from published antecedents including (in temporal
order): Ernest Rutherford’s 1911 Planetary model 1911 which referred to orbiting rings of
electrons and cited Hantaro Nagaoka’s 1904 Saturnian model 1904 that also described
orbiting rings of electrons that were compared to the rings surrounding the planet Saturn.
Notably, the planetary model replaced an earlier model Thompson’s 1904 ‘Plum pudding’
8
Incidentally for the local analogies Dunbar (1997) found that the scientists sometimes continued to address the now
modified target problem using yet further local source analogies before finally reaching a solution that they were happy with.
Dunbar also noted that these intermediate ‘bridging’ analogies were often, not recalled by the problem solver. Instead,
problem solvers recalled the final source analogy as being the key source analogy that led to the current target problem
solution. Finally, Dunbar also noted that as a consequence of this iterative process the final source analogy used to transform
the target problem sometimes ended up being ‘distant’ from the original target problem. This gave the erroneous appearance
that the problem solver had used only a distant source analogy to address a target problem.
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model that had corpuscles (electrons) arranged non-randomly in rotating rings. Dunbar (1997)
has also reported scientists using intermediate analogies in laboratory settings.
In summary, problem solvers tend to draw on source analogies from within a domain when
addressing problems that are well structured, (which by definition means there is a level of
certainty about the problem dimensions) and involve a concrete manifestation of the problem,
for example, a design prototype. By way of contrast, when problem solvers are addressing
problems that are less well defined, in situations where ideas and concepts are being
discussed, they will more frequently retrieve analogies from outside the problem domain.
Finally, experts have been shown to retrieve analogies from outside the target problem
domain more often than novices.
2.5.2.4 Aspects	
  of	
  protocol	
  and	
  flow	
  	
  
Key aspects of the spontaneous approach are important to note as they point to its limitations
and hence opportunities for further research. The approaches typically (but not exclusively)
involved:
1. Mostly ‘real’ target problems in real-world settings;
2. problem solvers in groups. Clement (1988) and Ahmed and Christensen (2009) are
exceptions;
3. differing types of target problems including ill structured problems. Accordingly, the
researcher is not seeking or providing potential solutions to the problem solvers (cf for
example Gick and Holyoak 1983);
4. no interaction between the researcher and the problem solvers. The researcher merely
observes and records discussions that are then transcribed for analysis; and
5. the researchers look for instances where problem solvers have retrieved and used
analogies throughout the problem solving process and then analyse the source
analogies and associated knowledge for impacts on the target solution. These typically
include i) providing a partial solutions to the target problem (Dunbar 1995); ii)
provoking a re-representation of the problem structure (Ball Ormerod and Morley
2004); iii) illustrating aspects of the problem (Bearman, Ball & Ormerod 2007); and
providing total solutions to a problem (Clement 1988).
Figure 2.7 illustrates the flow of this process against the five stages of problem solving using
Clement (1988) as an example.

Page 54

Formal	
  
Principle

1
Target
Analogy

Association

2

3

Problem	
  Orientation

Problem	
  Definition

Source
Analogy

Convergence	
  
solution

Transform	
  
Target	
  
analogy
Solution	
  generation

Solution
Decision-‐making

Solution
implementation

Figure 2-6. Spontaneous analogical problem solving process using Clement (1988)
Finally, the start of this approach to studying analogy begins with the target problem and
drives a flow depicted in figure 2.8 below.
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Figure 2-7. Spontaneous approach showing the flow of the process used in Ball, Ormerod and Morley
(2004)

In terms of the spontaneous approaches two flows are evident. The solid blue arrows denote
the use of an abstract schema that is associated with extra-domain knowledge useful in
addressing the problem. The dotted red arrows denote the direct retrieval of source analogs
from within the same knowledge domain as the target problem. In both these protocols the
flow begins with the presentation of a target problem and thence to the source situation. This
flow then differs from pre-loading protocol that began with the problem solver being
presented with the source situation.
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2.5.2.5 Summary	
  of	
  the	
  spontaneous	
  approach	
  
Researchers in many of these studies caution about the extent to which their studies’ findings
can be generalised. The small number of studies and the variability inherent across
naturalistic settings require further corroboration (Ahmed and Christensen 2009; Ball,
Ormerod and Morley 2004; Bearman, Ball & Ormerod 2007; Blanchette and Dunbar 2000;
Dunbar and Blanchette 2001). Nevertheless, in aggregate these findings provide a foundation
upon which the current study can build. To summarise, both novices and experts have been
shown to spontaneously generate analogies in specific contexts including education,
engineering design, management and scientific settings. In terms of evoking and using extradomain knowledge three dimensions are important when considering the spontaneous use of
analogies.
First, problem solvers in these settings use analogies and their associated knowledge in at
least three ways: to solve target problems; to illustrate aspects of a target problem and to
better understand a problem which can lead to their construction of the problem changing.
Secondly, whilst novices and experts are able to use knowledge derived from analogies, they
differ in the types of analogies used and when they are used. Experts are able to use abstract
forms of analogies derived from repeated experience in the domain, to connect to both
knowledge within the target problem domain as well as knowledge outside of the problem
domain. Novices tend to utilise concrete analogies from within or similar domains except
when they are discussing ideas or hypotheses.
Thirdly, when required, the use of knowledge from outside of the problem domain can lead to
more original solutions although, due to the greater analogical distance, problem solvers are
less likely to access the remote analogies. Expert problem solvers have been shown to use
schemas to retrieve knowledge from distant knowledge domains. Novice problem solvers to
date have rarely been observed to use schemas in the same manner. A novice’s inability to
develop and utilise schemas relevant to a domain may be attributable to their low level of
domain knowledge (Clement 1988).
Finally, a key opportunity for further investigation arises from these findings. Given that
children may have an innate ability to use analogical reasoning (Chi & Ohlsson 2005;
Holyoak and Thagaard 1997), a question arises: to what extent is is possible for adult novices
to address target problems by using a schema that reflects their structuring of experience in
other knowledge domains? This question will be addressed in Chapter Four of this study.
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2.5.3 Abstraction approach
In addition to the spontaneous and direct accessing of analogs discussed above, two types of
abstractions have been used to facilitate retrieval of source analogies, ideographic
representations and ‘schemas’9.
2.5.3.1 Ideographic	
  abstraction	
  
Ideographic tools and representations include diagrams (see for example Gick and Holyoak
1983; Pedone, Hummel & Holyoak 2001), sketchings (Christensen and Schunn 2007), and the
use of abstract symbols (see for example Bassok & Holyoak 1989). Four aspects of ideograms
are important for evoking and using extra-domain knowledge when problem solving.
The first two key aspects to ideographs is their capacity to represent an underlying structure of
a problem and their capacity to facilitate reasoning (Tversky 2005). Problem solvers develop
an ideograph of a problem situation as an aid in solving a problem or less often to link to an
analogous situation and its associated knowledge. A key determinant in the utility of the
diagrams for evoking and using extra-domain knowledge appears to be the protocol in which
ideographic representations are used. Gick and Holyoak (1983) using a ‘presentation’
protocol in which a diagram, illustrating the principle underlying a convergence solution,
concluded that a diagram, without prompting, was not helpful in inducing a generalised
schema that pointed to a solution (experiment three). However, in experiment six they found
that when multiple instances of similar source analogs were presented in addition to a diagram
then problem solvers were more likely to produce the convergence solution. A small number
of studies has replicated this finding (Chen 1995; Pedone, Hummel & Holyoak 2001). These
studies found that without prompting the presentation of static diagrams (without text) was of
limited value. In a real world design setting Christensen and Schunn (2007) found that the
utility of ideographs could either constrain or enhance knowledge transfer between domains.
A key factor appears to be the extent to which the problem solver generates the ideograph.
Providing the designer with an exemplar ideograph (they use the term external representation)
tended to constrain the designers to analogies within that same domain. Conversely, when
expert designers produced their own ideograph, in the form of sketching, the generation of
between domain analogies was not constrained. They concluded:
In so far as the designer’s current design goal involves generating novel and original products,
a tentative recommendation could be to use sketching and idea generation unsupported by
external representation in the early stages of design and, perhaps, to postpone prototyping
until several promising concepts have been developed (Christensen and Schunn 2007 p. 37).

9

See detailed definition in section 2.5.1
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A third dimension to the use of ideographs to support knowledge transfer between domains is
the level of abstracted-ness in the ideograph. Bassok and her colleagues, operating within an
education setting, argue that transfer of information to address target problems in part
involves the surface content of the problem and the problem’s underlying structure (Bassok
and Holyoak 1985, 1989; Bassok and Olseth 1995). Bassok argues that subjects such as
mathematics are ‘content free’ i.e. relatively independent of specific knowledge domains.
They suggest that abstract, procedural knowledge10 allows a problem solver to solve problems
across a range of different knowledge domains (she uses the term content):
To the extent that students in fact acquire domain-independent representation of formal
procedures, coupled with suitably abstract conditions of applicability, such knowledge might
be applied appropriately to novel content areas (Bassok & Holyoak 1989 p. 154).

Bassok (1989) demonstrated that students who were taught specific mathematical concepts
and procedures (noting that these mathematical concepts are not tied to any specific physical
domain, instead belonging to a conceptual domain) were able to apply this knowledge to
solve isomorphic11 target problems in different knowledge domains: money, people and
motion (experiment 2). By way of contrast students taught physics-related content and
procedures were less likely to transfer this knowledge to solve a target problem from another
domain (experiment 1).
Similarly, a number of creativity studies have found that instructing participants to think more
abstractly about a target situation helped those participants generate more novel creations than
participants who did not receive this instruction (Mumford, Reiter Palmon and Redmond
1994; Ward, Patterson and Sifonis 2004).
In summary, ideographic abstractions of a problem situation provide a promising means with
which to access extra-domain knowledge. Key supporting factors for evoking and using
extra-domain knowledge appear to be the problem solver generating the ideograph, and the
problem solver constructing an ideographic representation that, to the extent possible, is
‘content’ free and abstract.
2.5.3.2

Schemas	
  	
  

Schemas are another form of abstraction problem solvers use when addressing target
problems (for example Ball Ormerod & Morley 2004; Bassok and Holyoak 1989; Chi &
Ohlsson 2005; Clement 1988). Individuals develop and use ‘solution’ schemas as a form of
structured knowledge to directly address the target problem (Novick and Bassok 2005).

10
11

See previous definition on page 33.
Isomorphic defined as problems that have the same underlying structure
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Individuals also use schemas to access and retrieve source analogs and their associated
knowledge. These are referred to as ‘representation’ schemas (Novick 2001).
The seminal Gick & Holyoak (1983) study involved the development and use of schemas and
established some important foundations as follows. First, participants were shown to derive
schemas from multiple, but not single, source analogs. Second, a schema derived from
multiple problems each from different problem domains built a more accessible schema than a
schema developed from a single problem. To construct the abstract schema requires the
problem solver to focus on common ground between the problems. This forces the problem
solver to look at structural aspects of the different problems as there are no superficial aspects
to compare. This finding will be taken up below in the discussion of the neural theory of
language. Third, unsurprisingly, the closer the participants’ derived problem schema aligned
with the solution to the target problem (defined in the study as a “good quality” schema) the
more successful was the participant in solving the target problem.
Since Gick and Holyoak’s 1983 study, support for the notion of schemas to retrieve source
analogs for mapping and subsequent transfer of knowledge, has come from a range of settings
(for science e.g. Blanchette and Dunbar 2000, 2001; Clement 1988; for engineering e.g.
Ahmed and Christensen 2009; Ball, Ormerod and Morley 2004; for education see Chi &
Ohlsson 2005; and for management settings e.g. Bearman, Ball & Ormerod 2007).
Clement (1988, p. 573) proposed that distilling the structure of a problem, and then using that
distillation to find a source problem and solution, may underlie the process of analogy:
If this is the main method used by subjects, it will support the hypothesis that analogy
generation can be reduced to the processes of assimilation by a formal principle, followed by
accessing an example of the principle.

Interestingly, he found that it was not a common device used to solve a problem. In his 1988
study only one out of thirty-one analogies used in ten solutions involved the use of a ‘formal
principle’ as an aid to solving a problem (Clement 1988). Earlier, Chi, Feltovich & Glaser
(1981) found that while both novices and experts in physics recognise that problems within
the physical domain share a common underlying structure it is experts that develop more
abstract representations of problems. Holyoak, Gentner and Kokinov’s (2001, p. 2) study
noted the relationship between symbolic representation and analogies:
analogies enable an individual’s symbolic ability or the ability to pick out patterns, to identify
recurrences of these patterns despite variation in the elements that compose them, to form
concepts that abstract and reify these patterns, and to express these concepts in language.
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Studies have confirmed that individuals, under instruction, are able to develop more general
schemas from disparate source analogs. The schemas can subsequently be accessed to address
well-structured problems with similar structural elements (Brown, Kane, Echols 1986;
Catrombone & Holyoak1989: experiment 5; Ross and Kennedy 1990). Indeed, Novick and
Holyoak (1991) found that abstract schemas can be formed as a by-product of using a source
problem to solve a target problem. Jonassen (2003) also used multiple story-based problems
to develop schemas representing underlying structure of problems. The aim was to iteratively
develop the schema for use in new situations. Unsurprisingly, studies in educational settings
involving children show that more effective schemas are produced when participants are
guided to focus on relations within a situation rather than incidental details (Brown, Kane &
Long 1989).
Problem solvers have also been shown to more easily access schemas than remote source
analogs (Catrambone & Holyoak 1989; Hummel and Holyoak 1997, 2003). This could be
critical for problem solving situations where novelty is required. Remote source situations
composed of different content often provide novel and innovative responses to problems (see
for example Rocke 1985; Simonton 2004).
Support for the use of schemas as a means to access and transfer knowledge comes from
multiple applied fields. Within educational research and design a number of researchers
argue that learning and transfer of knowledge can be facilitated between domains when
knowledge is expressed in more ‘abstract & generic form’ (Balazs and Brown 2000; Bassok
and Holyoak 1989; Sloutsky, Kaminski & Heckler 2005). Sloutsky, Kaminski & Heckler ‘s
study (2005) study involving algebra indicated that students find ‘perceptually rich’ and
concrete knowledge more difficult to learn and recall than conceptual knowledge. They argue
that concrete representations of a structure under consideration often communicate a lot of
information, coined ‘irrelevant concreteness’, without communicating the relevant aspects of
the structure. They conclude that abstracted-ness may have benefits for the transfer of
knowledge between domains (Sloutsky, Kaminski & Heckler 2005). Differing slightly,
Balazs and Brown (2000) using different terms and focussing on the complexity dimensions
of a problem, emphasise ‘simplifying’ design problems and focussing on the components,
attributes and relations of the source and target problems to facilitate analogical reasoning.
Novick, Hurley and Francis (1999) found that novices possess and use abstract
representational schemas when addressing well-structured, simple and concrete problems.
They investigated novices (students) ability to use their own abstract schemas when asked to
match representations of the underlying structure of different examples of text-based simple,
well-structured concrete problems. The protocol involved priming the students beforehand
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with a diagram and title prior to being asked to match the problem to a structural
representation.
In summary, schematic representations of a problem situation have been demonstrated to
provide problem solvers with a means of accessing extra-domain knowledge. Novices (as
well as experts) appear to have a native capacity to generate abstract schemas in response to
simple, well structured problems. Key supporting factors for evoking and using extra-domain
knowledge appear to be instructing the problem solver to focus on the relations between
elements within a problem and instructing the problem solver to develop an abstract schema
removed from the ‘concrete’ superficial elements of the problem.
Research involving problem solving processes that use ideographic representations point to
three important possibilities for the access and use of extra-domain knowledge. First,
creativity studies indicate that, in part, individuals encode knowledge against a specific
knowledge domain (Simonton 2004). Consequently, problem solvers tend to follow a path of
least resistance and retrieve knowledge based on that knowledge domain (Christensen and
Schunn 2007; Segal 2003; Smith 2005). Loosening the problem solver’s ties to the concrete
problem is possible through the abstraction and use of schemas. Secondly, a problem solver’s
expectation about where they can use knowledge can restrict what knowledge is retrieved and
applied, but they can be instructed to use more abstract thinking to derive innovative solutions
(Ward, Patterson and Sifonis 2004). Thirdly, the use of an abstracted domain hypothesised to
occur with symbolic knowledge-domains such as mathematics points to the utility of breaking
the nexus between domain-specific words and target problems (Bassok and Hoyoak 1989;
Novick, Hurley and Francis 1999). That is, if a problem solver can express the underlying
structure of a problem in more abstract, generic terms then perhaps they can retrieve a broader
range of analogies, especially analogies that lie outside the problem domain.

2.6 Cognitive dimensions to using extra-domain knowledge
Many studies focus solely on the level of observable phenomenon involved in knowledge
transfer whilst problem solving. Critically however, many of the mechanisms that underpin
the phenomenon in creativity studies and analogical reasoning, such as priming and mapping
operate at a cognitive level and their operations can only be inferred.
A promising field of study examines cognitive architectures and their instantiation in
computational models. However, it is well beyond the scope of the current study to debate the
merits or otherwise of the different computational models that have been put forward to
simulate how analogical reasoning takes place. For a broader discussion on different
computational models see Hummel & Holyoak’s (1997, 2003, 2005) Learning and Inference
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with Schemas and Analogies LISA and Falkenhainer Forbus and Gentner’s (1989) Structure
Mapping Engine SME.
It is important, however, to provide a common set of cognitive assumptions that can be
applied across the four areas of research on which this study relies. Three dimensions are
discussed below.

2.6.1 A memory framework
The importance that a number of underlying cognitive mechanisms play in transferring
knowledge throughout the problem solving process was discussed above. In particular, at the
problem framing and solution generation stages mental processes operating at a nonconscious level are suggested but prove difficult to explicate and hence implement in an
actionable way (Brophy 1998a; Mumford 2003). This is not so much a criticism as an
acknowledgement of the difficulties inherent in investigating cognitive phenomena. For
example focal attention, the aspects of the problem that you focus on in part determines the
type and quality of the problem solution. Focal attention, from a cognitive perspective relates
to the limitations arising from memory. In particular the distinctions between long term
memory, working memory and active memory. The study adopts Hummel and Holyoak’s
(2003) use of Cowan’s (1988,1995), hierarchical, multi-level structure of memory. The
relevant levels and their definitions are as follows:
Long term memory (LTM) refers to those parts of the brain where knowledge and
information including schemas are encoded and distributed across a network of
interconnected neurons. The capacity of LTM is virtually limitless.
Active memory (AM) is a subset of LTM that has no set capacity and where massive
parallel processing can take place when networks become activated Feldman (2008).
However, AM is limited by time in that any neural networks activated will decay after
20 seconds unless attention is devoted to them.
Working memory (WM) is a linked but physically separate area from LTM. WM is
limited by capacity and time.
From an analogical reasoning perspective cognitive limitations constrain an individual’s
ability to conduct problem solving. Hummel and Holyoak (2005) propose that these three
generally accepted memory framework operate as follows. During analogical problem solving
perception activates active memory which in turn automatically activates specific neural
networks in long term memory that represent source and target analogies with their associated
schemas and conceptual knowledge networks. Analogical mapping and inferencing between
analogs and or schemas takes place incrementally and sequentially in working memory. The
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processing then feeds back to the source and target analog structures being held in active
memory. As the processing available in working memory is limited, only a certain amount of
information can be processed consciously at any one time.

2.6.2 The interplay between language and knowledge structures
A key thread through the four fields of literature is the structuring of knowledge and
accessing those knowledge structures. Language and the use of words to express meaning is
the way of consciously accessing knowledge. Paradoxically, at the heart of analogical
reasoning, the ability to link to different knowledge domains requires the problem solver to
recognise and act on the relations and structure underlying a problem. However, we know
that the superficial elements present within a problem situation, expressed as words, can
dominate the perception and comprehension of problem solvers, particularly novices
(Catrambone 1997; Dunbar and Blanchette 2001; Gentner, Ratterman, and Forbus 1993; Gick
& Holyoak 1980; Keane 1987). In presentation protocols involving the use of words,
participants frequently fail to consciously match target and source analogs (Dunbar and
Blanchette 2001; Gick and Holyoak 1983). Similarly in creativity studies Simonton (1995)
has observed the constraining effect that words play. He argues that if an individual frames a
problem using concepts and terms associated with a specific domain then it is difficult for the
individual to associate with knowledge outside of the problem domain. He posits that domain
specific terms invite non-conscious but pre-existing reservoirs of knowledge sometimes
referred to as ‘mechanical memory’ (Simonton 1995:480).
Despite the confounding influence of words, studies in naturalistic settings repeatedly
demonstrate that most individuals are able to spontaneously use analogies to reason and that
this is based in large part on structural relations (Blanchette and Dunbar 2001, Holyoak and
Thagard 1997). Further, Green, Fugelsang and Dunbar (2001) found in a series of lab-based
word association tests that individuals automatically activate an abstract relation that is
independent from the specific words that compose the analogy:
This finding lends empirical support to the hypothesis that, when people comprehend
the analogy between two items, they activate an abstract analogical relation that is
distinct from the specific content items that compose the analogy (p. 1414 my italics).
To provide a fresh perspective on the interplay between a problem solver’s use of language
and how they structure their knowledge, this study has used the neural theory of language
(NTL). NTL is a theory that has emerged from the field of embodied cognition and describes
‘how abstract thought grows out of concrete embodied experience’ (Feldman 2008:7).
Increasingly studies from across the fields of creativity, analogical reasoning and thought
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have incorporated a neural processing perspective (see for metaphor Coulson 2008; Gentner
and Bowdle 2008; Lakoff 2008; for mathematics Lakoff and Nunez 2000; for analogical
reasoning Hummel and Holyoak 1997, 2003; Martindale 1995).
It is well beyond the scope of the current study to debate the veracity of the neural theory of
language. Rather, in adopting the neural theory of language for pragmatic purposes, the
researcher aims to harness a single framework to explain the multiple phenomena reported
across the fields of creativity, analogical reasoning and problem solving. A single framework
provides the researcher with a unified theoretical basis for interpreting the study’s data. This
data represents phenomena lying beyond an observable level.
Feldman (2008, p. 284) uses the following model to theorise how an individual’s use of
language interacts with their knowledge structures to provide meaning. This is shown in
Figure 2.9 below.
Utterances, Situation
Conceptual knowledge
(schemas, frames)

Linguistic knowledge
(constructions)
Analysis

Semantic Specifications
Situational knowledge

Simulation

Inferences

Figure 2-8. Feldman’s model for understanding the language process (Feldman 2008, p. 284)
This model describes the dynamic, synchronised cognitive processing that is hypothesised to
continually occur as individuals interact with their environment. The key elements of this
model as they relate to the current study of knowledge transfer are discussed in the following
paragraphs.
Individuals experience and comprehend the world in a variety of different domains. Each
domain is comprised of specific settings. This setting is referred to as a frame (Feldman 2008,
p. 144). Frames provide a coherent structure and the conceptual setting to collections of
conceptual schemas that are mapped to one another through repeated use. Within a given
frame individuals make sense of their environment via the storage and activations of relations
between different conceptual schemas. Conceptual schemas describe relational information
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that reflects basic and universal aspects of experience for example action and physical space
to name a few universal schema classes (Feldman 2008, pp. 135-136). Each conceptual
schema may include multiple components for example, the experience of movement may
imply a space within which the movement, a start, a finish and a thing moving. These
conceptual schemas exist as a result of physical experience (embodiment).
Linguistic knowledge operates in concert with frames, linked conceptual schemas and
situational knowledge to describe and communicate meaning. Importantly, for the current
study of knowledge transfer, words may evoke underlying schemas, frames and situational
knowledge. Although not the focus of this study metaphors also play a role mapping
conceptual schemas to words and abstract concepts.
Semantic specification refers to the specific structuring of the situation that has been
apprehended. Situational knowledge specific to the situational structure is then applied.
Meaning for an individual is derived through a simulation involving the synchronised firing of
all three of these networks in concert.
A number of important implications emerge from Feldman’s model. First, the model posits
that individuals encode their experiences and knowledge in a patterned manner. Further, a
common underling neural patterning takes place irrespective of the domains. This opens the
possibility that when individuals are faced with an unfamiliar problem situation they structure
the situation according to their experience from other more familiar domains.
Second, linguistic knowledge is a linked but separate network from the conceptual and
situational knowledge networks. This provides the flexibility to respond to multiple domains
in a patterned but tailored manner specific to the particular domain. Hummel and Holyoak’s
(1997, 2003) LISA computational models of analogical reasoning assumes a similar dynamic
and flexible, patterned response for access and mapping of source analogies. In addition, the
loose coupling of networks opens the possibility of minimising and or replacing words whilst
still evoking the underlying conceptual and situational networks.
In summary, Feldman’s (2008, p. 284) model of language and understanding provides a
unitary cognitive basis for exploring the transfer of knowledge in a problem solving context.
The model suggests that problem solvers apprehend and structure novel situations in a manner
similar to how they structure familiar situations. Logically, allowing the problem solver to
impose their idiosyncratic structure on an ill-structured problem may facilitate his or her
retrieval of analogous source situations. Further, recording the problem solver’s idiosyncratic
structuring of the problem (in the form of schema) permits the researcher to trace the links
between the problem solver’s schema and the generated source situations. Finally, instructing
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the problem solver to focus on their schema may expedite retrieval of a source analog rather
than either waiting for a spontaneous analog to emerge or waiting for a spontaneous
connection to an abstract schema that might be useful.

2.7 Summary and gaps in knowledge
This chapter has found that the mechanisms underpinning how individuals’ evoke and use
knowledge to creatively address problem situations have separately been extensively studied
across a number of research fields. Research findings on discrete elements of knowledge
transfer suffer from being dispersed and are, therefore, little studied in aggregate. Problem
typology studies have provided an increasingly nuanced appreciation of the different
dimensions to a problem but now call for a fitting of appropriate methods to these different
problem types. In particular, the use of extra-domain knowledge to address ill structured
problems has rarely been reported. Creativity studies highlight the value of using extradomain knowledge to address problems in novel ways, but remain equivocal about how this
can systematically be achieved. Problem solving studies provide a systematic way of
approaching problems but lack a complete description of how individuals might best evoke
and use extra-domain knowledge when addressing different problem types. Analogical
reasoning studies provide an abundance of information on the key mechanisms and
parameters surrounding how individuals access and use knowledge between analogous
situations but underpinning cognitive models remain suggestive and their instantiation in a
process for a problem solver to follow is lacking. Reflecting an embodied cognition
perspective, the nascent neural theory of language provides a fresh cognitive framework that
could be used to interpret the mechanisms involved in individuals evoking and using extradomain knowledge but human-centred instantiations of this approach are also lacking. In
summary a gap exists. While much is known about the reasons for and mechanisms
underpinning an individuals evocation and use of extra-domain knowledge in problem solving
situations, studying each separately has led to the need for an end-to-end, human-centred
problem solving approach. The opportunity exists to address this gap by harnessing known
mechanisms involved in the evocation and use of extra-domain knowledge.
A directed process that has the explicit purpose of evoking and using extra-domain
knowledge is not evident in the literature. Accordingly, the first opportunity is to integrate
existing analogical reasoning and creative problem solving mechanisms into a single
knowledge process. The integrated knowledge process could then be used to address specific
research needs discussed above. A number of researchers have called for further exploration
of human-centred methods that could assist problem solvers (particularly novices) to
illuminate the underlying structures to ‘messy’ real world problems (Jonassen 2010; Novick
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& Bassok 2005). To investigate the structuring of ‘messy’ real world problems the
opportunity exists to use incorporate the development of ideographic abstractions and
schemas as part of the integrate knowledge process. Studies investigating the use of schemas
where there is no convergent solution are limited. Schema-based studies in the analogical
reasoning literature typically involve target problems that have a convergent solution (e.g.
Clement 1988; Gick and Holyoak 1983; Christensen and Schunn 2005). The flow of protocol
in these studies aims to assist the problem solver to construct, through successive exposure to
similar source problems, an abstract schema that the problem solver can subsequently apply to
future similar target situations. Similarly, much of the educational literature investigating the
use of abstraction and ideographic representations of problems seek to utilise the same flow
(e.g. Bassok and Holyoak 1989). In support of the need for a schema-based knowledge
process, other researchers have called for further research examining the abstracted
dimensions of problems. Ball, Ormerod and Morley (2004) called for:
a formal approach to examining the relative role of surface-level details and deep-level
abstraction in promoting search for source analogues and the mapping between such source
information and target problems.

Similarly, the directed knowledge process could answer calls for methods to explore the
underlying mechanisms and knowledge structures involved in abstract ideation during
problem solving (Chi & Ohlsson 2005; Dunbar and Fugelsang 2005; Finke 1995; HowardJones and Murray 2003; Hunter, Bedell-Avers Hunsicker, Mumford, & Ligon 2008).
Having established the need for an integrated knowledge process that incorporates the use of
abstract representations of an ill-structured problem, the knowledge process could be trialled
with novices not experts. A key difference between contexts involving convergent solutions
and contexts involving ill-structured problems lies in the utility of the problem solver’s
current conceptual and situational knowledge base. In problem solving contexts where there is
a convergent solution novices’ schemas are regarded as not sufficiently representing both the
target and source problems (Gick and Holyoak 1983). This inadequacy is remediated through
repeatedly exposing the novice to similarly structured problems where presumably the
novice’s knowledge becomes modified and attuned to the ‘correct’ convergent solution
(Christensen and Schunn 2005). Conversely, in problem solving contexts where there is no
convergent solution or where novelty to a problem is sought, an individual’s idiosyncratic
structuring could be key to accessing novel analogous source situations. To address this
limitation in the literature it would be useful to identify the extent to which novices’ native
ability to structure simple problem situations could be harnessed to address an ill structured
problem.
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This chapter establishes the need for a human-centred knowledge transfer process and
instrument that can assist novices to systematically evoke and use extra-domain knowledge to
address an ill-structured problem situation of the type faced by today’s policy makers. The
opportunity exists to address the gaps in the literature by developing a guided knowledge
process that assists novices to develop their own idiosyncratic and abstract schema to address
an ill-structured problem. This schema could aim to purposively prime linkages with source
situations and knowledge outside of the problem domain. Further, the study aims to explore
the extent to which novices are able to identify knowledge from the source domain and use it.
This chapter has argued that there is an opportunity to develop a human-centred knowledge
transfer process that can assist novices to systematically transfer knowledge to address illstructured problem situations of the type faced by today’s policy makers. Chapter Three
discusses in detail the research project designed to iteratively develop and trial a knowledge
process that involves novices addressing a complex, ill-structured problem, that of forests and
climate change.
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3 Research Design
This chapter details the research design for the study of a knowledge transfer process and
instrument. The chapter first focuses on the theoretical underpinnings and then the
implementation of the research design. Chapter Two discussed the role that knowledge from
outside the problem domain can add when an individual addresses a problem. In particular,
that chapter highlighted how an individual’s ability to address complex ill structured problems
is constrained because useful knowledge that an individual might have is tied to different
knowledge domains. Enabling the individual to remove the problem from its context
increases that individual’s access to knowledge that can lead to novel or creative solutions.
Chapter Two concluded that there needs to be further exploration of methods that assist
novices to systematically evoke and use extra-domain knowledge to address ill-structured
problem situations. To extract the full value from the existing research requires the
development of mechanisms and techniques that can help address the ‘ill-structured’ problems
outside laboratory settings. The chapter further concluded that the exploration could be
informed by integrating recent findings in neural theory of language with creativity and
analogical reasoning research.
This research project operates from a pragmatist perspective that emphasises the research step
being asked over the particular method being employed. Creswell (2011) argues that the
pragmatist approach to research “is pluralistic and oriented towards ‘what works’ and
practice.” This perspective suits this study’s development of a problem solving process for
use outside of a laboratory setting. The study employs a design science research methodology
that guides both the development of the prototype knowledge transfer process, and the
participant’s constructs evoked in response to it (Pries-Heje, Baskerville & Venable 2008). A
“directive qualitative method” (Jaccard 2010 p.267) was coupled with an experimental design
to gather data and a simple coding process (Saldana 2009) was used to analyse the data. This
approach to analysing a problem solving method means that the study extends current theory
and practice rather than building new theory. The research project is necessarily qualitative
The research logic is mapped in Figure 1 below.
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Defining the research problem
Real World Context

Worldview

1 Forests and climate
problem
2 A knowledge
transplantation process

1 Pragmatism

Theory Context
1Creative problem solving
2 Problem typology
3 Analogical reasoning
4 Neural theory of language

Overall Research Objectives
1 To explore how key mechanisms from the fields of creativity
studies, problem solving, analogical reasoning and the neural
theory of language can be usefully integrated in the form of a
human-centred knowledge instrument that novices could use to
systematically transplant knowledge between problem domains.
2 To explore the extent to which novices are able to use the
knowledge process to systematically access and then use their
extra-domain knowledge to address an ill-structured problem.

Overall Research Purpose
An exploratory study that seeks to develop a knowledge
transplantation process that can be used as a basis for more
detailed studies

Defining the research methodology
Units of Analysis
1 Individuals’ representations
2 The knowledge process

Research Methodology
Design Science Research Framework using
naturalistic evaluation of multiple cases

Relation to Theory
Qualitative Deductive logic– Theory extension

Methods
Data Collection
Ex-ante and ex-poste evaluation
Directive process
Case Studies

Methods
·∙ 	
  

Data Analysis
Thematic description of participants’
responses to the knowledge process

Figure 3-1. The design of the current study adapted from Yin (2011).
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In summary, this chapter outlines the research design that was used to address these steps. It
first discusses the framework used to develop the study before describing the methodology
and choice of research methods.

The chapter then describes in general terms the

implementation of the research design.

The implementation section first discusses the

research procedures followed by an outline of the locations and participants for each of the
study phases. It describes the procedures used for conducting and analysing the case studies
and the assumptions on which the analysis is based. It concludes by discussing the limitations
to the design and its implementation.

3.1 Research design theory
Creswell (2011, p.38) argues that all research is influenced by the researcher’s philosophical
assumptions. Whilst it is beyond the scope of the current study to debate Creswell’s assertion
in detail, the current study has found it illuminating to surface and link together the
assumptions that underpin the different levels of research design. Crotty’s (1998, p.2)
framework provides a useful way of describing in more detail how philosophical assumptions
flow through the different levels of a research study: epistemology, theoretical perspective,
methodology and methods. In summary, the current study employs a pragmatic epistemology
and embodied cognition theoretical lens. In turn, Mixed Methods and Design Science
Research methodologies informed an ex-poste evaluation approach (Pries-Heje, Baskerville &
Venable 2008) across multiple cases each of which incorporated a simple comparative design
to gather data and a simple coding process (Saldana 2009) was used to analyse the data.
Each of these levels is now discussed.

3.1.1 Epistemology - pragmatism
Underpinning this study is the epistemological belief that reality can be at once singular and
shared. Cresswell (2011, p. 39) describes a pragmatic worldview as being: “..pluralistic and
oriented towards what works” and “ valuing both objective and subjective knowledge”. A
pragmatic approach to cognition can be traced back to John Dewey and William James, late
19th century - early 20th century researchers. These scientists were conducting research in
what is now known as cognitive science and were interested in exploring the mind and how it
operated in naturalistic settings. Lacking the detailed contemporary neuro-scientific
knowledge of brain structure and processes their research inquiry and methods were holistic
encompassing both social science and experimental psychology. Relevant to the topic of this
study Shook (2011) notes “A core feature of the pragmatist tradition is the embodiment of
problem solving in the mind/brain.”
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The pragmatic research tradition continues today (for extended discourse see Rescher 2000
and Creswell 2011). The current study follows three of Johnson & Onwuegbuzie’s (2004)
characterisations of the pragmatic research tradition:
•

use of theory to inform practice; and in turn the need for applied research studies to
assess the utility of theory;

•

use of repeated observations and experiments to determine what works; and

•

equal emphasis to both the natural world and the individual’s subjective world.

More precisely, pragmatism guides the current research study in four ways. First, the current
study adopts a practical orientation, evidenced by the research steps involving problem
solving theory and a problem solving technique. Secondly, the current study adapts research
methodologies that follow Tashakkori and Teddlie’s (2003) advice that a “practical and
applied research philosophy should guide methodological choices”. Thirdly, as the current
study is exploratory, it needs to be responsive to emergent findings. In the development and
validation of the knowledge transfer process, the pragmatic influence suggested a design
science research approach that would permit controlled changes to the process whilst yielding
a body of data that could be analysed across cases using a simple comparative design.
Finally, the knowledge transfer process involves generating solutions by framing and
reframing problems. For pragmatic reasons it relies on individuals using multiple modes of
thought, analytic and dialectic, to purposefully evoke knowledge from outside the problem
domain.
The use of a pragmatic epistemology is not without its cautions including the need to be as
clear and precise as possible in outlining what determine “usefulness or workability”
(Johnson & Onwuegbuzie 2004).

3.1.2 Theoretical perspective – embodied cognition
Resonating with a pragmatic worldview is the philosophical position that the mind and body
are not inseparable. Embodied cognition sits within the broad field of cognitive psychology the scientific exploration of the mind. Embodied cognition’s proponents argue that cognitive
phenomena such as concept formation, categorisation, meaning making, and problem solving
are inextricably linked and shaped by the individual’s physical body and experience. (Nunez
2001, p.xii).
The philosophy of embodied cognition is increasingly intersecting with established bodies of
work in the fields of metaphor (Lakoff et al 2008), analogical reasoning (Dunbar &
Blanchette 2001), conceptual mapping (Fauconnier 2008) and the neural theory of language
(Feldman 2008). In particular, the current study’s knowledge transfer process uses the neural
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theory of language for a pragmatic reason. The neural theory of language extends the current
research involving the process of problem solving by proposing an underlying non-conscious
process (Feldman 2008, p.284). Feldman’s hypothesised non-conscious process informs parts
of the knowledge transfer process as well as the anticipated results from individuals using the
knowledge transfer instrument.

3.1.3 Methodological approaches: Design Science Research and Mixed
Methods.
Exploring an everyday phenomenon such as problem solving through the use of a guided
process means that the research design is being asked to address interdependent sets of steps
in parallel as shown in Figure 2 below. Researching these steps in parallel does not fit neatly
within a single methodological approach either qualitative or quantitative.
The study is partly qualitative in that it describes the development and trialling of a design
instrument – the knowledge instrument. The knowledge instrument was developed iteratively
using participant interviews and participant observation. The instrument was used to explore
participants’ ability to identify novel ways that could be used to address the complex problem
of forests and climate change.
The study is partly quantitative in that the research theory base suggests a model and a
number of tentative hypotheses that are amenable to a form of testing using simple
quantitative analysis. The aim of the quantitative aspect of the study was to gain an indication
of the relationship between the use of the knowledge instrument and the participants’ ability
to identify novel ways to address forests and climate change.
These study characteristics ultimately meant that not all the possible factors contributing
towards the observed impact that the design instrument had on the participants’ problem
solving ability could be known or controlled – calling into question the study’s internal
validity (Leedy and Ormerord 2011). Similarly these characteristics meant that the
generalizability of the study’s findings was questionable. The challenge for the study was to
identify a methodology that could, within the effort and resources available, help minimise
the number of alternative explanations for the research findings as well as maximise the utility
of the research findings for further research.
Initially, two methodologies were identified as potentially being useful for the current study:
case study methodology and mixed methods approaches. The researcher kept elements of
these methodologies but ultimately incorporated them into a third methodology - design
science research. Each of the initial two methodological approaches is briefly canvassed
below before the design science research approach is covered in more depth.
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Phase 3

Phase 2

Phase 1

AR/NTL
Theory
extended

Researcher

Researcher
AR/NTL
Theory

Codes

Impact
data n

Researcher

Codes

Tentative
model
modified

Tentative
model
Artefact
data n

Artefact
version 1

Artefact
version n

Artefact
final
version +
guidebook

Instructor

Impact
data y

Researcher

Researcher

Phenomenon

Instructor

Phenomenon

Figure 3-2. The parallel streams of research in the study.
3.1.3.1 Case	
  Study	
  Methodology	
  
The current study considered using case study methodology. Case study research is widely
used in the social sciences to explore, in detail, real-life phenomenon within a real-life
context. Thus, researchers use case study methodology to explore a wide range of subject
matter. A methodology for a real-life context was attractive because “in general case studies
are the preferred method when a) how or why steps are being posed, b) the investigator has
little control over actual behavioural events and c) the focus is on contemporary phenomenon
with a real life context” (Yin 2011, p. 25). Initially this was attractive because the current
study is also exploring a complex phenomenon where all the factors cannot be controlled or
known.
In addition, from an abstract perspective, different methodologies share much in common
when it comes to guiding principles. In particular case study methodology offers two elements
relevant to the current study. First, the notion of construct validity, that is, to ensure that what
is being reported as being researched and assessed is actually what is being researched. Yin
(2011) argues that two conditions must be satisfied. First, the specific concepts that are being
studied must be defined and how they relate to the study objectives must be articulated.
Second, the researcher must identify operational measures that match the concepts including
citing published studies that make the same matches. The fundamental notion of construct
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validity concurs with Babbie’s (1989) notion of operationalising factors for use in social
research and Leedy & Ormerod’s (2010) advice for specifying how factors should be
measured in practical settings using ‘operational definitions’.
The second element of case study methodology used for the current study was the clear
identification of units of analysis. Typically, social science research concerns the individual
and their characteristics such as sex, age, and attitudes (Babbie 1989). The current study
focuses on the individual as the unit of analysis. Babbie argues that specifying the unit of
analysis early in research projects helps the researcher identify the most appropriate research
design and methods as well as helping the researcher to avoid making unwarranted claims in
their findings. For example, using data derived from individuals to make claims about the
behaviour of groups in social settings.
However, despite case study methodology providing the current study with some useful
research design guidance, the majority of case study research literature assumes that a social
phenomenon is being researched (Leedy and Ormerod 2010; Yin 2011). Whilst this
assumption does not preclude the use of the case study approach for non-social phenomenon
such as individuals evoking and using extra-domain knowledge whilst problem solving, the
researcher sought a better methodological fit.
3.1.3.2 Mixed	
  Methods	
  methodology	
  
The central distinction in mixed method’s methodology is between quantitative and
qualitative methods of inquiry and its key purpose is to maintain coherence across the
qualitative and quantitative stages of the research (Creswell and Clarke 2011). A mixed
methods approach to research provides a more holistic appreciation of a phenomenon than
either a solely quantitative or quantitative approach. It is particularly useful for exploring
phenomena that lie outside of laboratory settings wherein the project requires a blend of
methods to adequately frame, describe and measure complementary aspects of the
phenomena. For example, researchers can use qualitative research methods to explore and
describe the causes and remedies of social problems such as workplace bullying. Equally,
they can use quantitative research methods to elucidate aspects of workplace bullying such as
its prevalence and variance across differing workplaces. Together these complementary
aspects of the phenomena provide a fuller picture of workplace bullying.
The current study is necessarily mostly a qualitative project. It uses a simple quantitative
component within a series of qualitative-oriented case studies to explore the impact of a
prototype knowledge process on an individual’s structuring of a complex ill-structured
problem. In particular, the current study employed a simple comparative design within each
Page 75

case to help indicate the difference the knowledge instrument had on each individual (Babbie
1989, p. 225). The key need for the mixed design of the current study was for coherence
between the phenomena under study and the instrument developed to research the
phenomena: in essence two separate but related units of analysis.
Accordingly, as Figure 2 illustrates, the current study sought examples of mixed methods
projects that describe multiple research phases that each contained strands of interrelated
research activities. These phases include the development and trialling of an instrument as
well as collecting data on the instrument’s impact on the phenomenon under study. To the
extent possible the researcher sought examples of research in which not all the factors can be
known or controlled as a lack of control over factors opens the current study to questions over
the validity of its research findings. In particular, the researcher was keen to be able to
examine the extent to which the knowledge transfer instrument contributed towards the
participants’ ability to develop novel ways to the forests and climate change problem.
Nastasi et al. (2007) report a multiphase evaluation program involving the development and
evaluation of psychological assessment instruments and intervention programs in a
naturalistic setting in the Central Province of Sri Lanka. At an early stage of the project they
employed a cyclical series of qualitative then quantitative methods to form and then test a
theory. The formative stage overlapped with a sequential qualitative quantitative stage
involving the development and then validation of a set of psychologically-based assessment
instruments. Two key aspects of this study were particularly relevant to the current study.
First, in the instrument validation stage, the researchers were able to collate data amenable to
quantitative factor analysis by using measures derived from formative qualitative data.
Second, the outcomes arising from the intervention were “informed by both quantitative
indices and qualitative data collected during program implementation” (Nastasi et al: 405). In
summary, Nastasi et al’s (2007) intervention study demonstrated the successful but pragmatic
use of a mixed-methods methodology to guide the development of a design instrument
through the collection and analysis of both qualitative and quantitative data.
Creswell and Clarke (2011) argue for four types of mixed methods research design:
convergent parallel design, the explanatory sequential design, the exploratory sequential
design and the embedded design. These groups reflect the type of problem being researched
and the timing and emphasis placed on either the qualitative or quantitative aspect of the
study. However, this typology was not particularly useful for the current study and the
researcher found it difficult to identify mixed methods designs that the current study could
replicate. Whilst Nastasi et al’s (2007) study was informative it operated on a much larger
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scale. It is for these reasons that the current study sought another methodology more focussed
on the development and assessment of instruments, that of design science research.
3.1.3.3 Design	
  Science	
  Research	
  (DSR)	
  
DSR sits within the broader information science discipline at the intersection of people,
processes, and instruments, and typically focuses on information technology instruments and
systems, for example how customer relationship management systems are developed,
implemented and used within a work setting. Importantly DSR encompasses human
behaviour in naturalistic settings including problem-structuring methods irrespective of the
technology component (see for example Keys 2007).
More specifically, DSR is particularly relevant to the current research study, for five reasons.
First, DSR acknowledges the legitimacy and indeed often the necessity of conducting research
that involves a blending of two complementary research fields behavioural science and design
science. Behavioural research focuses on the people and organisational interactions with
information systems whilst design science research focuses on the information-related
instruments developed and used by people in organisations. This blending reflects the current
study’s needs.
Secondly, DSR provides a pragmatic methodology that caters for researching complex
phenomena where all factors may not be accounted for or certainly controlled. In the wider
design science field, Simon (1996) argues that the research focus is to first establish that a
designed instrument works and the context in which it works even if it is not completely
known why it works. Cross (2001) notes that this practical emphasis is a result of the craftbased context from which Design Science has emerged. He observes that “craft made
products are usually copied very literally from one example to another” (Cross 2001).
However the slavish copying of one instrument to the next is a limitation that Design Science
is seeking to improve upon. Gregor (2007) argues that for Design Science (and by
implication DSR) to be considered an applied science discipline, it requires more ‘rigour’ and
a more ‘purposefully and reliably specification of design knowledge’.
Gregor’s criticism leads to the third reason for the current study to adopt a DSR approach.
DSR provides practical guidelines on how to plan, conduct and evaluate design science
research. Both Gregor (2007) and Hevner (2004) provide guidelines on the key components
necessary for design science studies. Of particular relevance to the current study, they both
argue for clarity and specificity concerning what is being researched – be it a design, method,
model or physical instrument. They further contend that clarity will enable researchers to
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demonstrate the quality and efficacy of design science instruments, which in turn helps to
build a more accessible corpus of research for others.
Clarity enables the researcher to more easily specify measures and metrics for evaluating
instruments. Specificity is important as many design science projects face the operational
challenges of settings where all the factors cannot be known or controlled, and yet the
evaluation of instruments is still necessary to improve their design (Pries-Heje, Baskerville &
Venable 2008). Hevner (2004) refers to meeting this challenge as trading off rigour for
relevancy. Importantly, he acknowledges that this approach initially limits generalizability of
evaluation findings. Hevner’s pragmatic trade-off is not unprecedented. It follows the
classical pragmatist Dewey’s notion of “warranted assertability” to justify research
conclusions (Johnson & Onwuegbuzie 2004). More recently, this pragmatic trade-off mirrors
Checkland’s (2000) notion of recoverability developed in Action Research methodology.
Checkland developed the notion of “recoverability” to mitigate the lack of absolute certainty
inherent in researching complex problems. That is, the ability to reuse an intervention and get
the same or similar results irrespective of whether the researcher knows or controls all the
potential factors.
In terms of an approach to guide the assessment of the instrument, Pries-Heje et al. (2008)
outline a strategic evaluation framework that echoes Gregor’s (2006) and Hevener’s (2004)
call for clarity by specifying what, how and when to evaluate design instruments. In terms of
how the evaluation is conducted, Pries-Heje et al. (2008) adopt Venable’s (2006) distinction
between artificial and naturalistic evaluations. Artificial evaluations involve contrived
problems in unreal settings and are often used to prove or disprove the utility of a design
instrument or design theory. By way of contrast naturalistic evaluations take place in settings
involving ‘real users using real systems to solve real problems’ (ie to accomplish real task in
real settings)’ (Pries-Heje, Baskerville & Venable 2008 p. 5).
The current study is arguably a naturalistic, qualitative evaluation in that it involves real
problem solvers solving a real, though somewhat distant (to most people) problem, through
the use of a real prototype design instrument. Supporting this notion of naturalistic evaluation
is that the current study seeks to engage the study participant’s own unique knowledge and
experience to address the problem.
Pries-Heje et al (2008) argue that the evaluation of design instruments can take place during
the instrument’s design and development, termed ex-ante evaluation, not just evaluating the
instrument once it has been instantiated, termed ex-poste. The current study is employing a
form of ex-ante evaluation during stage two by evaluating the content and form of the
Page 78

knowledge instrument as it was developed. The study then uses a form of ex-post evaluation
for phase three.
The fourth benefit that DSR provides is a methodology that caters for interdependent streams
of research activity. Hevner (2004) asserts DSR reflects a fundamental, pragmatic principle,
that solutions to a design problem are built on the development and trialling of an instrument.
Simon (1996) in support of this assertion describes the nature of the design process as a
‘generate/test’ cycle. Thus, an instrument can be improved in an ongoing manner at the same
time as the impact of the instrument is also captured. The current study aimed to follow this
cycle.
Fifthly, DSR includes the pragmatic notion that users of design instruments can help
determine what constitutes success of an instrument (Walls, Widmeyer & El Sawy 1991).
The key implication here is that, to a large degree, the utility and validity of the instrument
under study can be obtained in situations where it is difficult or impossible to have an
established ‘expert’ benchmark. This is not an entirely new idea. In the broader field of
evaluation Wadsworth (1992) established a similar principle of a ‘critical reference group’ in
participatory action research. The notion is that this group controls the design, steps asked
and interpretation of results.
Adopting a DSR approach is not without its limitations. Foremost is the issue of
generalizability. Adopting the evaluation framework for an in-depth directed qualitative
process inevitably involves a small numbers of participant case studies. The small number of
cases precludes the use of statistical sampling techniques commonly employed in quantitative
studies (Silverman 2005 p.126). The study’s findings require further trialling before they can
be established more widely.

3.2 Research design implementation
3.2.1 Specific research objectives
Two research objectives were used to guide this study. These objectives relate to both its
theoretical foundations and build on existing knowledge transfer methods reported in the
literature. The following research objectives guided the research design, data gathering and
analysis phases of the qualitative-oriented research project.
Research Objective One
To integrate and reify knowledge transfer mechanisms involved in creativity,
analogical reasoning and problem solving into a single, practical knowledge process.
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Research Objective Two
To explore the extent to which novices are able to use the knowledge process to
systematically access and then use their extra-domain knowledge to address a
complex, ill structured, concrete problem.
Chapter Four primarily addresses the first research objective. The chapter is structured on the
iterative development and refinement to the initial knowledge instrument. Each of the steps
within the initial knowledge instrument’s three sections is described including their purpose.
The chapter then describes the refinement of eight versions of the knowledge instrument
through a series of thirteen cases. Each of these cases is described in terms of the materials
and procedures used, modifications made to the instrument, and the participants’ responses to
the instrument. Chapter Four finishes by summarising the trade-offs made during the
development of the knowledge instrument and by summarising the parameters and caveats for
using the instrument in the field.
Chapter Five addresses the second research objective by exploring the impact that the
knowledge instrument had on the capacity of novices to systematically access their own extradomain knowledge. Chapter Six discusses the conclusions drawn from the findings of the
field study together with the theoretical antecedents discussed in Chapter Two. The chapter
then makes a number of conclusions about novices’ ability to systematically access and use
extra-domain knowledge and the hypothesised underpinning mechanisms reported in the
literature.

3.2.2 Overview of the study
The current study was designed with the aforementioned philosophical and methodological
perspectives in mind. It needs to be stressed that this study is essentially qualitative
endeavour not quantitative. It is an exploratory research project that involves a field study
with a circumscribed time frame, that concurrently develops a prototype instrument and
protocols whilst monitoring its impact on a small number of novices addressing a complex
issue. It is anticipated that a range of idiosyncratic, unique data will be generated that guided
the iterative development of the tool.
Given this context, quantification (Chapter 4) is only used in a simple but appropriate way
given the research aims. In terms of subjectivity the seminal, exploratory nature of the
project and the relatively small number of participants means that the researcher will need to
make subjective assessments. Using established techniques (see for example, Leedy and
Ormerod 2010, p, 100 thick description) the researcher aims to present clear, concise but rich
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descriptions of data against stated aims in the LINK process (i.e. Pries-Heje et al’s ex-ante
evaluation (2008).
The study was split into three phases and followed the flow outlined in Figure 3 below.
Following phase one in which the initial knowledge process was derived from a synthesis of
existing research, the case studies were split across two implementation phases of research –
phase two which was researcher-led and phase three which was instructor-led.
Phase two involved the researcher developing and trialling the initial knowledge instrument
that in the field was referred to as the LINK12 instrument. The instrument incorporated a
comparative component that helped to indicate the extent to which the LINK instrument
contributed to the participant’s responses.
The researcher captured two types of data. The researcher first gathered participant feedback
on the initial instrument referred to as ‘instrument’ data. The researcher also collected data on
the participant’s responses to each of the steps in the LINK instrument referred to as ‘impact’
data. The impact data was analysed using a thematic analysis process. This analysis was then
used to explore the extent to which the knowledge process facilitated individuals to access
and use their extra-domain knowledge to address the forests and climate change problem.
Phase three involved an ‘instructor’ collecting impact data only. The instructor, who had
previously participated in the knowledge process, was trained in the use of the LINK
instrument and the use of a LINK guidebook. The instructor conducted the knowledge process
with seven participants. Each of these phases in covered in more detail below.

12

LINK is an acronym for Leveraging Inter-domain, Networked Knowledge
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Study Phase
Phase 1 : Initial
knowledge process
developed

Steps
Problem - solving
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•
•
•
•
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Knowledge
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•
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collated

Qualitative data
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Phase 3 Final
instrument trialled
( instructor - led )

•

Problem solving stages identified
Problem typology identified
Key mechanisms involved in
problem solving identified
Key gaps in problem solving
process identified

Products
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instrument
( instructor -led )

•
•

•
•

•
•
•

Data analysis

•
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of results

Data on instrument analysed and
used to modify instrument’s steps
Impact data analysed

Updated
version of
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Instrument guidebook developed
Knowledge process conducted with
seven participants
Impact data
collated

Database
of results

Impact data analysed

Results of
study
available

Figure 3-3. The study phases and steps.

3.2.3 Locations
The study was conducted in the Australian Capital Territory (ACT) and New South Wales,
Australia. These locations were used for the prosaic reason that that is where the researcher
and instructor lived. The precise location for the conduct of each session was left up to the
participants choosing. A note of the location type is provided in the participant table in each
of the stages below. Given the exploratory nature of the study and the immature stage of
development of the LINK instrument, no attempt was made to generalise to a wider
population than that of the participants.

3.2.4 Participant sampling
Sampling methods aiming to select representative samples of larger populations are rarely
used in the selection of participants for qualitative, in-depth exploration of issues such as the
current study. Rather, the researcher depends on theoretical sampling, directly recruiting
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participants who can address the research concern (Mason 1996 p. 93; Schofield 1993;Strauss
and Corbin 1990). In most qualitative research sample sizes are small reflecting the in-depth
nature of the study, but the researcher can obtain richer data than with a wider population
sample (Potter 1996).
The current study of a cognitive phenomenon through the use of a prototype instrument is an
in-depth, exploratory study across two phases involving twenty participants. Participants were
selected from among work colleagues of the researcher and instructor. The exploratory nature
and small size of the current study does not abrogate its responsibility for specifying as
precisely as possible how and why the current study was designed. Creswell & Clark (2011)
propose that sampling procedures for qualitative and quantitative dimensions of studies differ
only in degree not kind. Accordingly the selection of participants, sites, sample sizes and
characteristics of participants are outlined below.
To ensure that the design instrument was suitable for addressing a complex ill-structured
problem in a naturalistic setting, across phase two and phase three 20 adults aged between 25
-50 who were not experts in forests and climate change, referred to as ‘novices’, were
approached to take part in the study.
Two factors with respect to participants were controlled. First, the age of the participants was
important. Human development studies indicate that adults more effectively perform abstract
forms of reasoning including analogical reasoning and discern underlying relationships in
complex everyday events (Ball, Ormerod and Morley 2004; Basseches 1984, Halford 1993).
Importantly, over time, older adults will have experienced a more diverse range of situations
than younger individuals. It is the knowledge from outside any given problem domain that
often provides innovative solutions to problems (Johansson 2004).
The second factor considered was each participant’s level of familiarity with the problem.
Participants in the current study were not experts in forests and climate change. One of the
study’s aims is to explore the extent to which novices are able to systematically address
complex ill structured. Research drawn from analogical reasoning studies has found that
groups of individuals, including novices, when addressing different types of problems in reallife settings, spontaneously generate analogies to illustrate, discuss and address problems
(Ball Ormerod and Morley 2004; Blanchette & Dunbar 2000; Dunbar 1995, 1997). However,
studies exploring the use of analogical reasoning instruments that aim to systematically assist
individual novices to address ill structured complex problems were not found.
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3.2.4.1

	
  Phase	
  two	
  researcher-‐led	
  participants	
  

Phase two involved the development and initial trialling of the LINK instrument with the
researcher conducting the process with thirteen participants. All but two of the phase two
participants were from the ACT. Table 3.1 in Appendix A lists the participant factors. Three
participants were excluded from the study. Participant five’s data was subsequently excluded
from analysis due to the participant’s young age. Participant nine did not undergo a session
due to other commitments. Participant eleven brought their own problem to use with the
knowledge transfer process. Data from ten participants were included. The data from these
participants were used for analysis of both the content and the impact of the knowledge
transfer instrument.
Phase three participants were selected in the same manner as phase two participants. Table 3.2
in Attachment A shows the location in which the instructor conducted the LINK process, the
ID number, age range and gender.

3.2.5 The purposes of each of the study’s three phases
Phase one addressed Research Objective One.
To integrate and reify knowledge transfer mechanisms involved in creativity,
analogical reasoning and problem solving into a single, practical knowledge
process.
Phase one includes the researcher developing the initial knowledge instrument from the
integrated knowledge process. As described in Chapter Four below the integrated knowledge
process was derived from research on the typology of problems, studies of problem solving
models involving knowledge transfer including creative problem solving and analogical
reasoning, and key cognitive aspects emerging from the neural theory of language. In this way
a feedback loop was established between the theory bases underlying the knowledge process
and the LINK knowledge instrument.
Phase two of the study also addressed Research Question One and involved using
participant’s responses to iteratively refine the instrument through a series of thirteen cases
and eight LINK versions. This iterative process was guided by the evaluation design
described below in section 3.3.5.
Phase Three of the study addresses Research Objective Two
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To explore the extent to which novices are able to use the knowledge process to
systematically access and then use their extra-domain knowledge to address a
complex, ill structured, concrete problem.
Chapter Five examines each of the instrument’s three stages using an exemplar case to
illustrate how the steps within the stage operated. Participant’s responses to each of these
steps is analysed and described in line with the factors established in the evaluation design
described below in section 3.3.5.

3.2.6 LINK study procedures
3.2.6.1

The	
  ex-‐ante/poste	
  evaluation	
  model	
  and	
  techniques	
  	
  

The study was guided by Pries-Heje, Baskerville & Venable’s (2008) model of evaluation.
The evaluation design enabled two parallel streams of analysis. First, participant feedback
was used to iteratively refine the LINK instrument. Secondly, the design enabled the
researcher to explore the relationship between the instrument and the study participants’
ability to identify novel ways to address the complex, ill structured problem of forests and
climate change. The study’s tentative model is outlined in Figure 3.4 below.
Model logic
LINK Instrument (concrete)
is hypothesized to impact on:

Participant’s Mindset
(abstract)
as captured and measured by:

Instrument factors (concrete)
Figure 3-4. The study’s model logic.
The component elements of this model were operationalized to assess the efficacy of the
knowledge instrument and its impact on the participants. Key to this was specifying in
advance the factors that were to be assessed. Accordingly, the researcher has specified the
data types and factors used across the study’s two implementation phases in Tables 3.3
and 3.4 below.
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Study

Data Type

Description

Useability

1.

Phase
Phase
Two

Data that helps to shape the clarity and useability of the LINK
instrument

Content

Impact

2.

Data that helps to shape the preciseness of the LINK instrument

3.

Impact of the LINK instrument on the participant’s ability to generate
novel ways to address a complex problem

Phase

Impact

3.

Three

Impact of the LINK instrument on the participant’s ability to generate
novel ways to address a complex problem

Table 3-1. The study’s data types.
Each type of data corresponds to specific factors as outlined in Table 3.4
Data Type

Factors

LINK useability factors

1.
2.
3.

Duration: how much time is needed to complete the LINK process
Clarity: is the meaning and intent of each step clear?
Ease of use: does the LINK process follow a logical flow

LINK content factors

4.
5.

Mutual exclusivity: overlap or duplication in the scope of steps
Comprehensiveness: is there additional steps required to meet the
impact

LINK impact factors

1.

Step/s that elicit participants’ immediate understanding of the forests
and climate change problem

2.

Steps that elicit participants’ initial actions that they would take to
address the forests and climate change problem

3.

Steps that elicit participants’ abstraction of the underlying structure of
the forests and climate change problem

4.

Steps that elicit participants’ problem situations in response to their
abstraction of the forests and climate change problem.

5.

Steps that elicit participants’ new actions (based on the participants’
evoked problem situation) that they would take to address the forests
and climate change problem

Table 3-2. Factors used in developing and trialling the knowledge process
The tentative model in Figure 3.4 points to an important consideration, that of the internal
validity of the research design. Studies exploring the relationships that underlie
observable phenomenon, especially those seeking to establish some form of cause and
effect, need to specify and control for as many factors relevant to the phenomenon as
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possible. Adequately controlling for all factors means that the researcher is more certain
that any change resulting from an intervention can be attributed to that intervention (see
for extended discussions Babbie 1989; Creswell and Clark 2011; Leedy and Ormerod
2010).
Many research contexts however, do not permit the exclusion of all confounding factors.
The current study is such a research project. Trialling the LINK instrument on each
participant may yield an effect but two questions immediately arise. First, to what extent
is the observed effect a result of the LINK instrument? Second, is the observed effect a
result of a factor peculiar to the individual?
To address these questions and to maximise the internal validity of the study the current
study has employed a number of well-established procedures. First clearly specifying the
factors under examination is key to strengthening the validity of the study’s findings. This
is particularly important in studies connecting different sets of data. Creswell and Clark
(2011) argue that to minimise potential validity threats when connecting data that the
researcher should ‘Specify how each form of qualitative data will be used in the study’
(p.242).
In support of the ex-ante evaluation the current study adapts Leedy and Ormerod’s (2010)
simple technique for phase two of the current research study. Phases two and three of the
study employed a simple comparative strategy to demonstrate that a change has occurred
between the participants’ initial and final responses. This is a first step to establishing that
there is an association between an observed phenomenon, a change in an individual’s
problem solving capacity, and the intervention through the LINK instrument. Typically
this type of ‘pre-experimental design’ is used in formative, exploratory studies similar in
nature to the current study (Leedy and Ormerod 2010, p.229).
The study uses a second technique ‘thick description’ to help argue for the validity of the
study’s findings (Leedy and Ormerod 2010, p. 100). This technique involves presenting
the data in a clear, concise but rich manner to enable to the reader to draw their own
conclusions.
While these techniques permit the researcher to conclude that a change has occurred after
the intervention it does not provide conclusive evidence that the change was due solely to
the knowledge instrument. Other factors could have contributed towards the observed
changes. In particular, as noted in the literature in group settings, individuals
spontaneously generate analogies. Therefore, the researcher sought to gain an indication
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as to whether participants are able to make novel associations to knowledge domains
outside of forests and climate change without the intervention.
Phase three of the study also sought to gain an indication of this possibility by employing
a further comparison step. This was achieved by including a question in stage one of
version eight of the LINK instrument that asked participants to list problems that remind
them of the Forests and Climate Change problem. The extent and type of analogising
from stage one can then be compared to the extent and type of analogies post intervention
in stage three of the LINK instrument.
3.2.6.2 Data	
  collection-‐	
  directive	
  qualitative	
  method	
  	
  	
  	
  
In this research project, each individual session used the LINK instrument as a form of indepth structured interview that could be described as a “directive qualitative process”
(Jaccard and Jacoby 2010 p. 267). This type of process is useful for exploring complex
and personal phenomena in a directed manner. At each step the participant performed a
set task, the result of which was then used to inform subsequent steps. In an applied
setting of advertising research, Zaltman and Coulter (1995) used such a process to obtain
participants’ in-depth reflections on a product being researched. A detailed outline of the
LINK instrument including its underlying logic and the modifications made as a result of
the data collected is the subject of the next chapter.
Quantitative researchers criticise methods such as in-depth interviews for their lack of
generalizability and their openness to interviewer bias. This research project is exploratory
and in-depth and as such acknowledges that its findings cannot be generalised. The
knowledge process attempts to minimise interviewer bias by using the participants’ own
written responses and in phase three, a third party instructor. The study acknowledges
that this does not completely remove the subjective element from the study, however it
adopts the position of Morley and Silverstone (1991) ‘Research.. is always a matter of
interpreting, indeed constructing, reality from a particular position’ (p.161).
3.2.6.3 Two	
  procedures	
  for	
  implementing	
  the	
  LINK	
  instrument	
  	
  	
  
One of two procedures was used during the study for conducting the knowledge session.
Procedure one was as follows:
1. The researcher invited each participant, who was known to the researcher, to
participate in the knowledge transfer process.
2. The researcher provided each participant with an information sheet and a consent
form. A date and time to conduct the session was then set.
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3. The session was conducted in an informal setting of the participant’s choice as
shown in Table 3 above.
4. The researcher provided each participant with a copy of the LINK instrument and
then guided the participant through the steps contained in the instrument. The
participant wrote responses to each of the steps.
5. During the session the researcher was present to answer participants’ questions and
noted the time that the participant took for each section of the LINK instrument
and any comments on the instrument made by the participant.
6. At the conclusion of the session the researcher discussed the useability and content
of the LINK instrument with the participant.
7. Finally, the researcher collected the participants’ completed LINK instrument for
analysis.
Procedure two was used to explore the extent to which participants could complete the
LINK instrument alone. During phase two only, the second procedure was used with
three participants as follows:
1. The researcher invited each participant, who was known to the researcher, to
participate.
2. The researcher provided each participant with an information sheet and a consent
form.
3. The researcher provided each participant with a copy of the LINK instrument and
then discussed with the participant each of the steps contained in the instrument.
The researcher invited the participant to phone the researcher with any questions.
4. The participant then took the LINK instrument home and completed it without the
researcher being present.
5. After a week the researcher telephoned the participant to discuss the useability and
content of the LINK instrument with the participant.
6. Finally, the participant posted the completed LINK instrument to the researcher for
analysis.
3.2.6.4

Units	
  of	
  analysis	
  	
  

Two types of data were captured for analysis during the knowledge sessions. First, the
researcher gathered participant feedback on the LINK instrument itself in terms of its
useability and content as outlined in table 3.4 above. This study refers to this type of data
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as ‘instrument’ data. At the conclusion of each session the researcher collected instrument
data by asking each participant a series of simple steps reflecting each of the factors
outlined in Tables 3.4 above. In addition the researcher took notes and made observations
during the conduct of each session.
The second type of data that the researcher collected for analysis was the participants’
responses to each of the steps in the LINK instrument. The study refers to this data as
‘impact’ data as outlined in table 3.4 above.
3.2.6.5 Data	
  analysis	
  phase	
  two	
  researcher-‐led	
  
The total set of data from each use of the LINK instrument is referred to as a case. Data
analysis was conducted both ‘within’ each case and across cases referred to as ‘withincase’ and ‘cross-case’ respectively. Both descriptive and thematic analysis of the data
was used to assess the extent to which the current study’s research steps have been
answered (Saldana 2009, p.97).
3.2.6.5.1 LINK	
  instrument	
  data	
  
The LINK instrument underwent eight iterations resulting in eight versions as shown in
Table 3.1 in Attachment A. The researcher treated the data obtained from each LINK
session as a ‘case’. The researcher reviewed the data in each case against each
‘instrument’ factor listed in Table 3.4: duration; clarity; ease of use; logical flow; mutual
exclusivity; and comprehensiveness, and modified the subsequent version of the LINK
instrument. Each piece of instrument data was assessed against the purpose of the
specific step that the feedback related to as well as the overall structure of the LINK
instrument. Details of the modifications made to each iteration of the LINK instrument is
presented in Chapter Four.
3.2.6.5.2 LINK	
  impact	
  data	
  
Content analysis of the LINK impact data was conducted within each case and across
cases. An assessment of the extent to which participants’ data matched the purpose of
each of the LINK steps and themes that emerged were coded and discussed using the
following process.
3.2.6.5.3 Data	
  extraction	
  	
  
The researcher extracted data from each step within the LINK instrument to measure each
of the following five factors.
1. Initial data from section one steps that elicited participants’ immediate understanding
of the forests and climate change problem.
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2. Section one data that elicited participants’ initial actions that they would take to
address the forests and climate change problem.
3. Section two data from steps that elicit participants’ abstraction of the underlying
structure of the forests and climate change problem.
4. Section three data from steps that elicit participants’ problem situations in response to
their abstraction of the forests and climate change problem.
5. Section three data from steps that elicit participants’ new ways (based on the
participants’ evoked problem situations) of addressing the forests and climate change
problem.
3.2.6.5.4 Data	
  Coding	
  	
  
Data coding was used in two ways. First, to obtain an indicative assessment of the extent
to which the LINK instrument successfully answered each of the study’s steps the
researcher coded each extraction with a 1 or 0 to designate the presence or absence of the
intended outcome. Thus, for example, if the data from section one of the LINK instrument
indicated that LINK had elicited the participant’s immediate understanding of the forests
and climate change problem then it would score a 1. In this manner, quantification of
each factor within each case provides a simple frequency count that allows the researcher
to make an indicative cross-case assessment of the utility of the LINK instrument,
(Saldana 2009, p.123). However, it is important to note that the small sample sizes and
exploratory in-depth nature of the current study preclude firm quantitative conclusions
being drawn. At best the quantitative element of the study aim to inform rather than firmly
establish the findings of the study.
Second, non-quantitative coding of data was used between participant cases for
comparative purposes. Rossman and Ralliss (2003, p. 492) argue that participants’
evaluation data can be used to ‘describe, compare and predict’ in the context of programs
and processes. This study extends this notion to comparing the impact of the LINK
instrument on the participants’ representations of problem situations.
3.2.6.5.5 Analysis	
  
Qualitative evaluation of participant’s data focuses on the researchers analysis of patterns
in participant’s responses to the factors under examination Saldana (2009, p.97). The
study’s two sets of research questions framed the analysis through the factors listed in
Table 3.4 above. Each section of the LINK instrument aligned to specific factors in the
table. A description of the extracted data for each impact factor was followed by an
assessment of the extent to which the data supported or contradicted the particular purpose
of the research steps. For example,
Page 91

From the Forests and Climate Change (FCCf) complex the participant identified the underlying
structure of the FCC problem by linking together three concepts in a causal relationship as follows:
‘Abundance of trees’ causing ‘excess use of them [trees]’ leading to ‘today’s consumption
patterns’
…. This indicates that the participant was able to use the LINK instrument to identify an
underlying structure to the FCC problem.

Further, in terms of analysing LINK’s impact across cases this study grouped together
similar extracts and developed simple patterned themes that can then be used to illuminate
emergent properties of the data (Saldana 2009 p. 169; Smith 1995). Bearman, Ball and
Ormerod (2007) used a similar approach to determine that participants were using
analogies in two ways – problem solving and illustration.
3.2.6.6

Data	
  analysis	
  phase	
  three	
  instructor-‐led	
  

Where possible the researcher sought to employ the same procedures in phase three as
were used in stage two. However, stage three entailed a number of important differences
as outlined below.
First, to minimise the researcher’s influence on the collection of data a third party
‘instructor’ was used. The instructor was trained in the use of the LINK instrument. The
instructor used Procedure One used in stage two of the study to set up and conduct each
session. A guidebook was developed to assist the instructor conduct each session. A
copy of this guidebook can be found at Attachment B.
The second difference was that the instructor only used the final version eight of the
knowledge transfer instrument. No further iterations of the knowledge transfer instrument
were made after stage two of the study.
The third difference was that the instructor did not collect instrument data. That is,
participants’ feedback on the useability and content of the LINK instrument was not
collected. The instructor only collected participants’ responses to each of the steps in the
LINK instrument.
The fourth difference aimed to understand the influence that the researcher may have had
on the conduct of the LINK session. Accordingly, a comparison was made between the
‘impact’ results that the researcher-led cases presented in stage two and the results that the
instructor-led cases presented in stage three. Data from each case was subject to a simple
coding procedure and then a frequency count to assess whether the intent of each step was
achieved (Gibbs 2007).
A fifth difference between phase two and phase three was that phase three used a simple
comparison set of questions within each case to help ascertain the influence that the
knowledge process had on each individual (see for a discussion on interventions and
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individuals Babbie 1989, p. 225). A simple comparative analysis of participants’
responses to stage one and stage three steps was conducted to help assess the influence of
the LINK instrument on the participant’s ability to identify novel ways to address the
forests and climate change problem. Here the researcher was also mindful of internal
validity –to indicate that the purported findings were attributable to the effect of the LINK
instrument (Leedy and Ormerod 2010).
Finally, phase three used the same process as phase two for extracting data except for one
important difference. In a qualitative exploration of a complex phenomenon where an
objective measure is not available, the introduction of bias into data coding and analysis
can be, to a degree, offset by obtaining multiple ratings of the data (Bearman, Ball and
Ormerod 2002; Christensen and Schunn 2007). This opens up the question of judgement
and reliability. Is the data being extracted, coded and then analysed an actual property of
the phenomena under investigation, in this case analogy, or is the data, and judgements on
the data, overly influenced by the researcher or coders? Hayes and Krippendorf (2007, p.
78) assert: “the key to reliability is the agreement among independent observers” and “the
step is whether observed unreliabilities are still tolerable for data to be relied upon in
subsequent analyses”. Bearman, Ball and Ormerod (2007) in a study of real-world
analogical problem solving sought to address reliability issues by the use of multiple
coders. First, in the data extraction phase, a primary coder extracted examples of
analogies from audio-tapes and a second coder coded a 15% sample of the data and
discussed inconsistencies with the researcher until they reached an agreement. At a later
data analysis stage in the study the primary coder grouped the extracts into themes and a
second coder grouped the same extracts to determine the extent of similarity the groupings
between the two coders. The implied outcome of the multiple coding being that
agreement between two independent observers indicates that the judgement of the primary
coder is ‘reasonable’ and not so idiosyncratic so as to call into step the subsequent data
analysis. They reported that the second coder was able to reproduce the same groupings of
extracts with 88% accuracy.
For an assessing the impact of the LINK instrument on the participant and for comparing
the researcher-led results with the instructor-led results the current study adopted
Bearman’s et al (2007) approach as follows:
1. The researcher extracted and coded data
2. A third-party coder was used to code the same data
3. The researcher and coder discussed any differences and reached a consensus.
4. A 95% agreement across the data items was achieved.
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3.2.7 Ethical considerations
Approval for the project was granted by the University Of Canberra Committee for Ethics
in Human Research (CEHR 10-164) on 21 March 2011. In response to phase two
research findings modifications to phase three of the project, further approval was sought
and granted by the CEHR on 11 July 2011.
The study design follows the guidelines outlined by the National Health and Medical
Research Council’s website the National Ethics Application Form Website.
Whilst no significant issues were anticipated, care was taken to ensure that participation
was voluntary. Importantly, all participants were fully informed of the purpose of the
research and the fact that no identifying information was required or recorded.

3.3 Summary
This thesis required a pragmatic research framework that catered for interdependent
streams of research activity. The development of the knowledge instrument was built on
iterative trialling that captured both developmental aspects of the instrument as well as its
impact. The following chapter describe how Pries-Heje et al’s (2008) evaluation
framework effectively guided the iterative development of the knowledge instrument. By
specifying the overall aim of the knowledge instrument and then identifying specific and
clear aims for each of its individual steps the researcher was able to incrementally increase
the LINK instrument’s stand-alone performance. Each participant’s feedback was used to
inform each subsequent version of the instrument. This cyclical process resulted in an
increasingly sophisticated knowledge instrument that required less intervention from the
researcher. Chapter Five findings describe how participants used the knowledge
instrument to develop generic abstractions of a complex, concrete and ill-structured
problem. In turn participants linked to source situations from which most participants
derived new ways based on lessons learned in the source situations. Importantly, the
evaluation framework assisted in strengthening the internal validity of the study findings
including the finding that the instructor-led participant responses differed little from the
researcher-led participant responses.
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4

The iterative development of a knowledge
instrument

The academic literature discussed in Chapter Two is used in this chapter to guide the
initial construction of the knowledge transfer process. This is essentially a qualitative, not
a quantitative, exercise. The chapter describes how the knowledge transfer process was
instantiated in a human-centred instrument referred to as LINK. This is followed by a
detailed description of each of the LINK instrument’s three sections.. The initial steps
within each section of the initial LINK instrument are described including their purpose.
The chapter then describes the fieldwork component of the study that was guided by
Pries-Heje et al.’s (2007) evaluation framework. The fieldwork is focused on adult
problem solvers who are not experts in the field of the problem, referred to as ‘novices’,
addressing a single complex, concrete, ill-structured problem, that of forests and climate
change. Employing qualitative techniques the chapter details how participants’ feedback
was used to incrementally improve the performance of the knowledge instrument through
a series of cases. Each of these cases is described in terms of the materials and procedures
used, the version of the LINK instrument and the content and data that was collected. The
modifications made to each subsequent version of the knowledge instrument are then
described. Eight versions of the instrument were made following feedback obtained
during trialling of LINK. The development of the final version of the LINK instrument
concludes Phase Two of the study. Phase three of the study involved a third party
instructor used the final version eight of the LINK instrument. The chapter ends by
discussing how the study findings suggest that the LINK instrument had the same impact
on participants across both the instructor-led and researcher-led participants.
Accordingly this chapter addresses Research Objective One
To integrate and reify knowledge transfer mechanisms involved in creativity,
analogical reasoning and problem solving into a single, practical knowledge
process.
The chapter has the secondary aim of addressing Research Objective Two:
To explore the extent to which novices are able to use the knowledge process to
systematically access and then use their extra-domain knowledge to address a
complex, ill structured and concrete problem.
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The chapter concludes that overall the LINK instrument has been able to integrate the
knowledge transfer mechanisms in a manner that novices can use to systematically
address the ill-structured problem of forests and climate change.

4.1 A knowledge transfer process
This section describes the integration of creative problem solving and analogical
reasoning mechanisms. This section first introduces Holyoak’s (2005) process account of
analogical reasoning arguing that is consistent and complementary with other researchers
perspective on analogical reasoning. This model is then placed along the generic problem
solving process described in Chapter Two.
Holyoak’s (2005) process account of analogical reasoning involves four entities: source
and target analogs, inferences and schema. The four entities are related by four processes:
retrieval, mapping, transfer, and learning that operate in the following manner. A source
analog is retrieved from memory in response to the target analogy. Structural and object
elements are mapped between the source and the target analogs and if enough structural
elements correspond then information and knowledge can be transferred from the source
analog to the target analog. The problem solver can sometimes draw sufficient inferences
from similar analogs to develop an abstract schema. The abstract schema may then be
used to address further problems to which the current target and source problems
correspond (Holyoak 2005).
It should be stressed that this process account of analogical reasoning broadly
encompasses the work of many other researchers in the field and importantly does not
conflict at the human-centred, concrete level at which the current study operates (see for
example Blanchette and Dunbar 2001; Clement 1988; Dunbar & Fugelsang 2006; Gentner
1983; Hummel and Holyoak 1997). Gentner and her colleagues have generated an
important line of research focussing on the mapping of analogies. This research describes
the structural elements of an analogy: predicates; attributes and nodes; superficial and
structural mappings between analogs. Importantly, it has illuminated the types of
structural relations within an analog including first and second order relations that are in
turn used to map to other analogs (Gentner 1983, 2008). Similarly, Dunbar and
Fugelsang’s (2006) cognitive-flavoured perspective reflects computational models
developed to help elucidate analogical reasoning. They argue for five sub-processes:
retrieval, a state where the target situation is held in working memory and a source
situation is retrieved from long term memory; mapping, where both the target and source
are held in working memory and elements and relations of each are dynamically mapped
to one another; evaluation where the individual assesses whether the source analogy will
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be useful based on the types and number of mappings made; abstraction, isolating the
common structure underlying both the target and source analogs; and predictions,
predicting what impact that the knowledge gained from the source situation will have on
the target situation13 (Dunbar & Fugelsang 2006).
Similarly, a number of studies investigating analogical reasoning in naturalistic settings
have used the stages of problem solving to interpret when individuals use analogies and
for what purpose (e.g. Christensen and Schunn 2007). This type of study has been useful
in elucidating how participants use analogy and provides support for the notion of
integrating the two process models. The current study’s task is to translate the
mechanisms and processes of analogical reasoning onto a problem solving process. This
combined analogical problem solving process can then be used to both interpret aspects of
the analogical reasoning literature as well as inform the study’s development of a
prototype method for assisting individuals to address ill-structured or intransigent
problems.
We have already seen that generic problem solving can be placed into a five-stage process
and for ease of discussion the five stages may be discussed in terms of two broad phases:
problem framing and problem solution. Problem framing includes problem orientation
and problem definition stages and problem solution phase includes the remaining three
stages solution generation, decision-making and solution implementation.
Adopting a problem solving process perspective, as with any process model, is a way of
arranging observed problem solving activities for the purposes of explanation and
discussion. The current study follows other researchers that argue problem solving in
‘real-life’ often proceeds in a less ordered manner. For example, a problem solver before
finalising a problem definition may jump to solution from similar problems that they have
encountered (D’Zurilla 1971, Smith 1991).
Figure 4.1 illustrates the stages in the integrated knowledge process. The shaded area
indicates the scope of the current study. Each of these stages will now be defined in order
that more detailed discussion can take place in subsequent sections of this chapter.

13

Note in this description the term ‘situation’ is substituted for problem. Situation connotes a broader class of phenomenon ie
a situation may not be a problem. The individual may just be trying to apprehend what is going on. A problem is a special
type of situation that the individual (problem solver) is seeking to address or solve.
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Figure 4-1. Analogical problem solving process aligned along a generic problem solving process.
Problem orientation
At the problem orientation stage the problem solver is reacting to both the problem and
the setting in which the problem solving is taking place. How the problem solver reacts to
either a problem or the setting can make a difference to how they define the problem.
This is a problem solving stage that has received relatively little attention in the analogical
reasoning literature.
Problem definition
At the problem definition stage the problem solver focuses on the problem and seeks to
understand and then describe the problem. This is a critical stage in the analogical
problem solving process and has a number of important ramifications not the least being
that what the problem solver focuses on determines in large part their solution. This
ramification will be discussed in detail below. For now we simply note the nexus with
Holyoak’s (2005) analogical reasoning mechanisms. During problem framing, as well as
once the problem has been framed, the access and retrieval of a source analogy and the
induction of a schema (if present) will take place.
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Solution generation
At the solution generation stage the problem solver considers possible ideas and solutions
emerging from the framing of the problem. In terms of analogical reasoning mechanisms
this stage sees the retrieval of source analogs from either the schema or the target
problems. Subsequently, the mapping between the target problem and source analogs
takes place and if a suitable level of coherence exists between the two, knowledge transfer
from the source analogs to the target problem can occur via an inferencing process.
Solution decision making
At the solution decision making stage the problem solver assesses the utility of the newly
gained knowledge on the target problem. As will be shown the newly acquired
information could be used in a number of ways including transforming the problem
solvers original framing of the target problem; illustrating aspects of the problem or
suggesting a possible solution for to the target problem.
Solution implementation
At the solution implementation stage the problems solver applies the solution to the target
problem and assesses its feasibility. For simple, well structured problems the solution
assessment can be binary: yes it solves the problem or no it does not solve the problem.
For more complex, well structured problems or for ill-structured problems, partial
solutions and transformations of solutions are also useful outcomes for the problem
solver. If a schema was induced to source the analogy or indeed if the problem solver,
through repeated instances of similar solutions developed a schema, then information is
assumed to be feeding back to the schema. This flow is indicated by the learning arrow in
figure 4.1 above (Holyoak 2005). The next section of this chapter describes how the
knowledge transfer process was instantiated in the prototype knowledge instrument.

4.2 A knowledge instrument - LINK
This section describes how the knowledge process was instantiated into a knowledge
instrument referred to as LINK. It begins by describing the purpose of the instrument.
This is followed by an overview of how the knowledge process was instantiated into the
three stages of the knowledge instrument.
The knowledge instrument aims to assist novices to address a complex ill-structured
problem by systematically accessing and then using extra-domain knowledge. More
particularly, the knowledge instrument aims to assist novices to:
1. Impose a structure on the ill-structured problem of forests and climate change;
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2. use the structure to evoke a problem situation different than the forests and climate
change context;
3. recall lessons learned from the evoked problem situation; and
4. use the lessons learned as a source of novel (to the participant) ways to address
the forests and climate change problem.
To achieve these aims the knowledge instrument condenses the first four problem solving
stages established above, outlined in Figure 2.4 above, into three sections. Each of the
three sections has a number of steps intended to align against steps in the overall problem
solving process as shown in figure 4.2 below.

KEY
Link section 1: questions 1-3
(standard problem solving)

2
3

Link section 2: questions 4 - 9
Link section 3: questions 10 - 18

of knowledge

Unconscious

Networks

1

idea association

3

idea generation

blending

3

Conscious

problem
set

1

problem
definition

3

3

2

abstraction
problem
definition

3

priming

2
solution
generation

1

solution decision making/
comparison

solution
elaboration

1

3

Problem framing

Problem solution

Figure 4-2. The knowledge process instantiated into the initial knowledge instrument.
Each of these steps will be examined in detail below but for now we note that in essence
the knowledge process goes through two iterations of problem solving. LINK Section One
follows a ‘standard’ process as shown in flow 1 of Figure 4.1 derived from (D’Zurilla and
Goldfried 1971. See Mumford et al. 1991; Smith 1991, for an extended discussion). The
problem solver is provided with the target problem, asked to define it, and then asked for
specific ways that they would take to address it. The assumption here is that this first
round of problem solving will capture the problem solvers’ immediate knowledge

Page 100

associated with the forests and climate change problem. This knowledge also forms a
benchmark against which their subsequent access and use of knowledge can be compared.
LINK Section Two begins with an abstraction and priming process. The abstraction
process forces the problem solver to focus on the essence, to the problem solver, of one
aspect of the target problem (Howard Jones and Murray 2003). The problem solver is then
asked to distil the structure underlying that focus. The aim in instructing the participants
to develop their own schemas reflects Blanchette and Dunbar’s (2000) protocol
observation that individuals can spontaneously generate their own analogies with relative
ease whereas individuals find it more difficult to map analogies when they are ‘presented’
with them. Equally, asking participants to developing their own idiosyncratic, schematic
representations, the researcher aims to engage and prime their underlying patterned
cognitive structures proposed by Feldman (2008 p.284). Adopting Feldman’s (2008)
model and requiring participants to substitute generic terms for concrete terms, aims to
disconnect the generic schema from the concrete forests and climate change domain.
Feldman (2008 p.192) argues that nouns tie meaning to a particular context.
LINK Section Three begins by requesting the participant to focus on the generic schemas
aims to engage their underlying conceptual frame, linguistic knowledge and situational
knowledge that corresponds to the abstract schema and does not correspond to the forests
and climate change domain. The study aims to examine the extent to which participants
use their genericised schemas to associate with problems of a similar structure outside of
the problem domain ie source problems (see Figure 4.1 above). Typically, after having
defined the problem the next step is to generate a solution. Creativity researchers such as
Ward, Patterson & Sifonis (2003) propose a defocussing of attention to generate novel
ideas. Defocussing of attention allows the problem solver to apply a ‘divergent’ form of
thinking (Guilford 1967). Divergent thinking is seen by a number of researchers as a
good way to generate novel ideas that may lead to creative solutions (Mumford et al.
1998, Runco 1991, 2008). By way of contrast, LINK instructs participants to focus their
attention. This type of thinking is referred to as convergent thinking. Finke (1995) defines
convergent thinking as ‘focussing on a single idea or possibility given a collection of
facts. Typically this type of thinking is employed to evaluate the solutions that are
generated following divergent thinking (Mumford et al. 1993). Paradoxically by
instructing the participant to focus on a single schema LINK aims to generate ‘divergent’
solutions. Put another way, this part of the LINK instrument aims to generate the same
results as divergent thinking but by applying convergent thinking.
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LINK section three continues with the participant being instructed to choose one of their
evoked source situations and elaborate on the actions that they took in response to that
source situation. The knowledge process concludes with the problem solver being asked
to reflect on the lessons learned from their source situation and if possible identify any
‘new’ ways to address the target problem of forests and climate change.
The researcher is particularly interested in the extent to which the problem solver, using
their own idiosyncratic problem schema, has been able to purposefully derive new actions
from the source situation and the associated lessons learned. The study is exploring the
extent to which the novice is able to focus and direct their problem solving attention to
evoke linked source situations from a knowledge domain different than the target problem.
The study is also seeking to establish the extent to which the novice is able to merge
knowledge from the source situation and its lessons learned with their knowledge about
the target problem. An indication of merging occurring would be the novices generating
new ways to address the target problem.
It is important to note that the study’s participants were not expected to arrive at a
complete solution to the forest and climate change problem. As discussed above, many
complex problems such as climate change do not have a definitive or exhaustive answer
(Jonassen 2000; Rittel and Webber 1973). Rather, the knowledge process aims to assist
the novice to impose his or her own idiosyncratic structure onto a specific aspect of the
problem. The novice should then more easily link to relevant knowledge that they have
used before in another domain. In this sense the potential solutions may offer both a partanswer as well as opening up the possibility that the problem could be studied from
another direction – as shown in the feedback loop between solution elaboration and
problem set problem in figure 4.1 above. Each of the three sections of the initial LINK
instrument is now examined in more detail.

4.3 Phase one: Building the initial LINK instrument
4.3.1 The problem and the type of problem solver - novices
Two key intertwined dimensions to the current study are the problem solver and the type
of problem being addressed. In terms of the problem solver three reasons underlie the
study’s decision to investigate novices’ ability to use knowledge from outside of the
problem domain. First, as discussed in Chapter Two, ill-structured problems are difficult
to address and can restrict novices thinking to domain exemplars ( Ball, Ormerod and
Morley 2004). Nevertheless under the right circumstances, such as discussing ideas,
novices can access and utilise their own knowledge from domains outside of the target
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problem domain (Ahmed & Christensen 2009; Blanchette and Dunbar 2000, Dunbar
1995,1997). Second, there is a limited number of studies that have investigated novices’
ability to address ill-structured problems through the use of knowledge from outside of the
target problem domain (Ahmed and Christensen 2009). Third, using a high profile
problem such as forests and climate change meant that most participants would be aware
of, but not experts in, the forests and climate change issue.
This study selected the forests and climate change problem, shown in Figure 4.3 below, to
serve as a consistent problem, independent factor, across all the study’s phases (Babbie
1984). This ill-structured problem was selected because the problem:
1. is complex and grounded in an everyday setting (ie non-laboratory);
2. is familiar enough to most individuals for them to have a limited amount of
knowledge of the problem domain ie a novice rather than an expert;
3. has no absolute conceptualization ie there are multiple ways of framing the
problem;
4. has multiple possible solutions as well as being amenable to partial analysis
depending on what the individual focuses on; and
5. partial framing and analysis of a problem like climate change still yields useful
insights.

Forests and Climate Change
Forests are one of the greatest environmental challenges—and opportunities—facing the
world in the 21st century. Forests are well known for their ability to absorb carbon dioxide,
but when they are destroyed they release CO2 into the air. This helps explain why Indonesia,
a developing country with high rates of deforestation, now has one of the highest emissions
rates in the world.
Forest loss contributes as much as 12-15% to annual greenhouse gas emissions, about the
same as the entire global transportation sector. It will be practically impossible to avoid
dangerous climate change without addressing this problem.14

Figure 4-3. The forests and climate change problem.

4.3.2 LINK Section One: Orienting to the problem
Section one of the LINK instrument incorporates the standard problem solving approach
and includes the first four of five stages of the standard problem solving process: problem
orientation; problem definition; solution generation; and solution elaboration.

14

http://www.wri.org/stories/2010/03/forests-climate-change-and-challenge-redd visited on 29 April 2010

Page 103

Section one has three steps. Table 4.1 outlines each step and its purpose. Following PriesHeje et al (2007) notion of ex-ante evaluation, outlining the purpose permits the
subsequent evaluation of each step.

Step

Purpose

1.

Take 5 minutes to read and think
about the forests and climate change
issue in Figure 1 above. Make
notes/drawings of any initial thoughts
that come to mind.

To immerse the problem solver in the problem. It
is important that the problem solver concentrates
as much as possible on solving the problem.

2.

What do you understand to be the most
important concepts in forests and
climate change?

Note the problem solver is directed to think of the
most important concepts but no indication is
given as to what this might be, importantly this is
left up to the problem solver to decide what to
focus on.
To record the focus of the problem solver.
To gain an indication of the problem solver’s
domain knowledge.

3.

If you were in charge of responding to
this issue what actions do you believe
should be taken and why?

To record the actions that the problem solver
would adopt to address the target problem.
To obtain a set of actions against which
subsequent ‘new’ actions can be analysed.

Table 4-1. LINK instrument section one, steps 1-3

4.3.3 LINK Section Two: Framing and abstracting the problem
Section two of the LINK instrument corresponds to the problem definition phase of the
problem solving process and incorporates the mechanisms of abstraction and priming.
Section two begins with a cartoon problem shown in Figure 4.4.
The cartoon aimed to illustrate in a humorous way how an individual’s understanding of a
situation often involves the blending of information from different domains. In this
cartoon the climate change domain, indicated by “Bali climate change conference”, is
blended with the domain of a politician changing their mind indicated by the caricature of
Australian Prime Minister at the time, Kevin Rudd, stating “I’ve changed my mind”. The
cartoon was also used to gain an indication of the ease with which the participant
recognises analogy. The idea of using a cartoon in this manner was not apparent in the
literature.
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Figure 4-4. Cartoon illustrating the merging of two different knowledge domains.
Following the cartoon, section two of the LINK instrument provides the problem solver
with a generic description of the key elements underlying a problem.
Most complex problems can be broken down into a number of key elements. These include:
•

Agents (nouns eg Forests)

•

Concepts (doing phrases eg smiling causes happiness),

•

Context ( eg forests and climate change)

This is followed by instructions that guide the problem solver through a six-step process
aimed to assist them to abstract an underlying structure to the target problem, referred to
as a schema. It is important to note four things. First, the schema derived from this
section of the LINK process is unique to each problem solver and that no convergent
schema is sought or expected (cf. studies such as Gick Holyoak 1980; 1983; Christensen
and Schunn 2005). Second, the problem solver is actively engaged in exploring and
abstracting an underlying structure to one aspect of the FCC problem. That is, the problem
solver is not ‘learning’ a prepared structure and then having to fit the prepared structure
into their pre-existing knowledge. Instead, they are shaping the problem according to their
own pre-existing knowledge (cf. studies such as Gick Holyoak 1980; 1983; Christensen
and Schunn 2005). Third, this is a directed process that aims to make explicit what is
assumed take place implicitly when problem solvers spontaneously reason analogically
(Dunbar 1995,1997). Finally, it is important to emphasise that a key aim of this series of
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steps is to distil and consciously articulate one key aspect of the ill-structured problem in
order that source situations can be targeted more effectively, rather than being derived
from ambiguous origins. Previously, Mumford, Reiter-Palmon and Redmon (1994)
showed that requiring participants to focus on underlying elements to a marketing task led
to more novel and creative ideas. Similarly, this study argues that structuring and
focussing the participants’ attention provides the knowledge process with a systematic
way of targeting and transferring their own knowledge. That is in making the implicit
explicit, the knowledge process intends to more predictably evoke the novice’s relevant
experience and knowledge.
The six instructions plus their purpose are found in Table 4.2 below.

Step

Purpose

4.

I would like you to re-examine the
problem statement and write down
who the agents are

To direct the problem solver’s attention towards
the key agents within the problem (see Mumford,
Reiter-Palmon and Redmon 1994). Identifying
these agents first will enable subsequent steps to
direct the problem solvers attention to identifying
the relationships between the agents.

5.

Write down the main concepts
involved in the problem statement

To focus the attention of the problem solver on
the higher-order concepts implicit in the problem.
These concepts can represent how the problems’
agents are related.

6.

Draw a diagram noting how each of
the agents and concepts relate to one
another using arrows

To focus the attention of the problem solver on
relating the problem’s agents to the concepts.
The intent in using a diagram is: a) to begin to
strip away excess words which serve to distract
attention and overload working memory; b) to
bring the relationships inherent in the problem to
the forefront; c) to enable the problem solver to
develop maintain and consciously focus on a
holistic representation of the structural relations
inherent in the problem; and d) to make conscious
what is assumed to take place non-consciously.

7.

Using your agents and concepts above
write your problem statement using no
more than 20 words.

To further delimit that particular aspect of the illstructured problem that the problem solver is
focussing on. The act of writing down the
problem solver further focuses their attention on
their own idiosyncratic abstraction of the problem
as opposed to trying to keep all the concrete
‘superficial’ aspects of the problem in mind.

8.

Looking at your problem statement
substitute a generic term for each
noun ie forest = Object A; person =
Agent X , climate change = bad
outcome

To remove the problem from its specific, concrete
context of forests and climate change and lift it
towards a more generic abstract level.
Replacing context-linked nouns like ‘climate
change’ with abstract generic terms like ‘concept’
helps to remove the problem statement from the
problem domain. Feldman (2008:192) argues
that nouns tie meaning to a particular context.)
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9.

Redo your diagram substituting your
generic terms

To provide the problem solver with a final
representation of the problem - generic schema that can be used to prime the non-conscious
knowledge networks. The intention here is to
associate with structurally similar problem with
which the problem solver has previous experience
and hence knowledge.

Table 4-2 LINK instrument section two steps 4-9.
In summary, section two of the LINK instrument was designed to:
1. constrain the problem solver’s construction of the problem to their own
understanding and knowledge;
2. assist the problem solver to consciously construct one aspect of the structure of the
problem;
3. enable the problem solver to derive an abstracted ‘generic’ problem structure
divorced from the problem domain;
4. enable the problem solver to replace context-linked nouns like ‘climate change’
with abstract generic terms like ‘concept’ which helps to remove the problem
statement from the problem domain;
5. focus the problem solver’s attention on the relationships between concepts in
forests and climate problem by using diagrams as the primary focus as opposed to
words. In this way the diagram is an information saving device (Boisot 1998,
Tversky 2005). This device then assists the problem solver to:
o bring to the foreground the relationships between concepts, agents and
events;
o preserve the ‘gestalt’ of their depiction of the structure of the forests and
climate change problem
o further loosen the ties to the forests and climate change problem domain
(steps 6,8,10), thereby switching the participants focal attention to the
abstract generic problem structure;
6. prime the sub-conscious with the targeted generic problem structure rather than the
domain-specific forests and climate change problem; and
7. use the generic problem structure to target associative networks that operate at a
non-conscious level
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4.3.4 LINK Section Three: Generating novel actions
Section three of the LINK instrument corresponds to the solution generation phase of
problem solving process. Section three begins with a ten-minute break during which the
problem solver and researcher made conversation about everyday matters. The ten-minute
break was designed to test the notion of an incubation period (Finke 1992; Segal 2003;
Smith 1995). The incubation period assists the participant at a subconscious level to
disassociate from the climate change problem. A ten-minute period was used for two
reasons. First, prior discussions with potential research participants indicated to the
researcher that an hour was towards the maximum amount of time that a problem solver
could be expected to concentrate. Secondly, most potential participants indicated that they
could spare an hour over lunch or a coffee. Given the hour timeline for trialling the entire
LINK instrument, a ten-minute break was the maximum amount of time available for
taking a break and conducting a general conversation.
The break was followed by instructions that guide the problem solver through nine steps.
It is important to keep in mind that section three of the LINK process in particular, is
attempting to work within the cognitive constraints discussed in Chapter Two above. It is
not possible for the problem solver to consciously consider every element of a single
problem at once, let alone common elements between a target and source situation
(Hummel & Holyoak 1997, 2003). It is very important consequently, to direct the problem
solver’s attention in ways that facilitate the transfer of knowledge between problem
domains. The nine instructions plus their purpose are found in Table 4.3 below.

Step

Purpose

10. Copy down your generic problem
statement

To re-focus the problem solver’s attention on the
generic problem statement.

11. Copy your diagram using your generic
terms

To re-focus the problem solver’s attention on the
underlying generic problem structure.

12. Focussing on your generic problem
statement diagram and story list the
first thing that comes to mind

To make conscious the non-conscious
associations made using the generic problem
structure. The aim was to write down any
thoughts however vague and not censor or think
in depth about the thoughts that come to mind
(similar to the idea of divergence and
brainstorming in creative problem solving).

13. These initial thoughts often point to
situations that are linked in some way
to your generic statement. Can you
draw any links? If yes, make
notes/drawings to describe your recall

To ground the problem solver in the evoked
source domain on order that they can consciously
elaborate on that situation (source problem).
Subsequently the details of the source situation
can then be used to derive new ways to address
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situation
14. Reflecting on your recall situation
what do you understand to be the most
important factors?

15. Reflecting on your recall situation
what actions were taken?

the forest and climate change problem.
To record the underlying concepts inherent in the
source situation. The intention was that this
would provide data that could be compared to the
concepts underlying the target problem.
To focus the problem solver’s attention on the
actions they took in response to the source
situation. The list of actions serves as a
conscious record that the participant can
subsequently apply to the forests and climate
change problem.

16. Reflecting on your recall situation
what actions were successful and
why?

To focus the problem solver’s attention on the
underlying aspects of the actions that they took in
the source situation. The aim here is to assist the
problem solver to recall not just the action but
also why it worked in the problem situation. The
intention is that a deeper more abstract
recollection of the action will assist the problem
solver to apply it to the forests and climate
change problem

17. Compare and contrast your recall
situation with the Forests and Climate
Change problem in Figure 1. Do any
additional concepts come to mind that
would be relevant to the Forests and
Climate Change problem

To assist the problem solver to blend the
knowledge from the source situation with the
forests and climate change problem. Asking the
problem solver to focus on the concepts
underlying the source situation was an attempt to
keep the thinking at a more abstract, generic
level. This assumes that the use of more generic
terms will enable the problem solver to transfer
knowledge between the source and target
domains more easily than if concrete domain
specific terms were used.
In addition, any new concepts that were recalled
in the source situation could be compared to the
concepts outlined in step 2 above. In this regard
step 17 serves as a form of post-test.

18. Compare and contrast your recall
situation with the forests and climate
change problem Figure 1. Do any
additional actions come to mind that
would be relevant to addressing the
climate Change and Forests problem?

To assist the problem to focus on actions in
response to the forests and climate change
problem based on their source situation and
answers to step 17.

Table 4-3. LINK instrument section three steps 10-18.
In summary, section three of the LINK instrument was designed to;
1. Impose an incubation period on the problem solving process;
2. following the incubation period refocus the problem solver’s attention on the
underlying structure to forests and climate change problem ie the target problem
schema;
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3. assist the problem solver to use the schema to evoke source situations that shared a
similar underlying structure (see Gentner’s (1983) notion of structure mapping);
4. assist the problem solver to consciously recall and then record the concepts and
actions involved in their source situation. Here the concepts and actions comprise
the extra-domain knowledge that can then be applied to the forests and climate
change ‘target’ problem; and
5. assist the problem solver to apply the knowledge from the source situation to the
forests and climate change target problem.

4.4 Phase Two: Researcher-led development of LINK
This section discusses the modifications made to LINK through the trialling of the
instrument with ten participants. It first discusses the characteristics of the sample before
discussing the number of versions of the instrument and how each version of the
instrument differed in response to each factor listed in table two above: a) instrument
factors: duration; clarity; ease of use; logical flow; mutual exclusivity; and
comprehensiveness; and b) the five impact factors: initial understanding of the forests and
climate change problem; initial actions to address the forests and climate change problem,
abstraction of the forests and climate change problem, evocation of a source problem
situation and new ways to address the forests and climate change problem. The section
concludes with a description of the final version of the LINK instrument that was used for
phase three of the current study.

4.4.1 The iterative development of LINK
4.4.1.1 LINK	
  instrument:	
  Version-‐one	
  	
  
Two cases were trialled using the initial version of the LINK instrument, referred to as
Version-one. Each of these two cases is summarised below in terms of the instrument
factors listed in Table 4.3 above. The researcher reports below only on those observations
relevant to changes made in the version of the LINK instrument. The section concludes
with a summary of the changes made to version one of the LINK instrument.
4.4.1.1.1 Case	
  one	
  
The assessment of the LINK instrument against the instrument factors is presented in the
table below.
Factors

Data

Notes

Context: notes

Participant’s
home

The LINK session took place at the participant’s home.

on the impact that
the context had on

The participant was ‘multi-tasking’ during this ninety minutes and
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the use of the
LINK instrument

was unable to focus solely on the LINK instrument. For example
s/he answered three telephone calls during this time that took up
about 15 minutes (the participant is self-employed) and made a
coffee.
There was a high level of interactivity between the researcher and
the participant resulting from the participant’s responses to
aspects of FCC. The participant enthusiastically embraced the
FCC issue and expounded at length of different aspects of the
issue. Whilst the researcher agreed to conduct the session in an
interactive way, he subsequently found it difficult to direct the
participant’s attention to the question at hand.
Overall, in this case the home context was not conducive to
capturing and focussing the participant’s attention

Duration
(minutes): how
much time is
needed to
complete the
LINK process

Section 1: 60
Section 2: 30
Section 3: 0

The LINK session ran for ninety minutes. The participant
answered each of the three steps in section one with multiple
anecdotes, theories and perspectives on forests and climate
change.
The researcher attempted to focus the participant’s attention on
the specific steps in section two of the LINK instrument but with
little success. After ninety minutes the participant and researcher
agreed to finish for the time being.
No further sessions were conducted.

Clarity: is the
meaning and
intent of each step
clear

Ease of use:
does the LINK
process follow a
logical flow

Step 2 term
‘concept’

The participant required clarification of what was meant by the
term ‘concept’.

Cartoon

The cartoon meaning was unclear to the participant and generated
multiple anecdotes (15minutes). Rather than serving to illustrate
and reinforce the notion of the blending of different knowledge
domains, for this participant, the cartoon served as a diversion
into the politics and politicians involved.

LINK
Instrument
unsuitable for
oral protocol
only

The LINK instrument was unsuitable for this participant. The
participant did not write responses to each step and instead
preferred to respond to each of the steps orally. The participant
asked the researcher to record the participant’s responses to each
step. There was insufficient space to record in a written form all
of the participant’s responses. Instead, the researcher voice
recorded the participant responses. Given the length of the
session and the lack of progress through the steps in the LINK
process the researcher decided to exclude the impact data from
the study. Accordingly, the researcher has not transcribed the
voice recording.
The researcher has however, included observations on the content
and useability of the LINK instrument as this helped shape
subsequent versions and use of the LINK instrument.

Mutual
exclusivity:
overlap or
duplication in the
scope of steps

Comprehensi
veness: are

Step 2

The participant remarked in response to Step 2 that they had
covered most of the concepts in answering Step 1

There was insufficient time to complete the LINK process given
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there additional
steps required to
meet the intended
impact

Impact
summary

the high level of interactivity between the researcher and the
participant.

Factor 1

Partial

Factor 2

Partial

Factor 3

No

Factor 4

No

Factor 5

No

The researcher derived four findings from the first case as follows:
First, for case one version one did not have the impact anticipated. That is, version one
was unsuccessful in assisting the participant to either derive an underlying abstraction of
the forests and climate change problem or to access a similarly structured problem from
outside of the forests and climate change problem domain. In large part, this lack of
success was due to the researcher agreeing to depart from procedure one (as previously
agreed with the participant), and instead conducting an oral procedure as described in the
table immediately above.
Secondly, version one could not be used as a purely oral or ‘think aloud’ protocol for two
reasons. First, recall that the LINK instrument is predicated on the participants being able
to switch between different modes of thinking, convergent and divergent thinking. To
achieve this switch in thinking the instrument is designed to capture and record
immediately distillations of the participants’ thinking. Divergent thinking with its
emphasis on ‘brainstorming’ does not necessarily need a written record but convergent
thinking does. Section one favours a divergent mode of thinking whereas section two
requires a convergent form of thinking. At the participant’s request the LINK session
diverted from the agreed protocol, procedure one, towards a more interactive discussion
based protocol in which the researcher recorded the participant’s responses. Whilst this
last minute deviation meant that the participant was engaged and able to think divergently
it also meant that the participant remained in divergent thinking mode and was unable to
switch to a convergent mode of thinking for section two. The cartoon also reinforced the
participant’s divergent mode of thinking through discussion and anecdotal reminiscing.
Accordingly, the participant failed to complete the second section of the LINK instrument
and did not start the remaining third section.15

15
The researcher acknowledges that his lack of preparedness and skill in facilitating this first session will have contributed to
the session overruns. However, the LINK process is designed to differ from the ‘think- aloud’ protocols reported in the
literature. Specifically the LINK instrument is designed to make conscious the unconscious patterns of thought used during
such think aloud protocols.
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The second reason that version one could not be used as a purely oral protocol is the
limited amount of information that a participant can consciously keep in mind. Given that
sections two and three of version one required the participant to follow a precise series of
sequential steps to achieve the desired problem solving outcomes, it was essential that the
problem solver build on their own previous thoughts. The participant’s frequent use of
anecdotes made for great conversation but made it difficult for the participant to identify,
and build on, specific units of their own knowledge for subsequent steps. Whilst the
researcher could have attempted to summarise and present the participant’s thinking, this
would have introduced the researcher’s own thinking into the process. Whilst this
interaction may have yielded productive data it amounts to a very different research
approach, that of more than one individual solving a problem. This would have required
altering the research design, which the researcher was unwilling to consider at this early
stage of the study. Consequently, the researcher determined that before proceeding with
future LINK sessions he would reemphasise to potential participants the need for them to
write their own responses.
Thirdly, given the time consuming nature of the steps involved in the LINK instrument
this first case indicates that it is very important for the participant to remain focussed on
moving through each step without delaying too long at any one step. Discussion is good
for clarifying questions that the participant may have but general discourse soaks up time
needed to progress through the LINK session. The researcher had anticipated (based on
some preliminary trialling of individual steps) that an hour would suffice. However, it is
apparent in this case that putting all the steps together plus a high level of interactivity
between the researcher and the participant meant that even ninety minutes was an
inadequate length of time to complete the LINK process.
Fourthly, conducting the LINK session at a participant’s home appears not to be ideal as
there are too many potential distractions. The constant interruptions meant that the
participant tended to repeat aspects of their thinking
4.4.1.1.2 Case	
  two	
  
The assessment of the LINK instrument against the instrument factors is presented in the
table below.
Factors

Data

Notes

Context: notes on

Researcher’s
home

The LINK session took place at the researcher’s home during the
middle of the day.

the impact that the
context had on the use
of the LINK
instrument

There was a moderate amount of interactivity between the
researcher and the participant to clarify the meaning and intent of
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the LINK instrument.
Duration
(minutes): how much
time is needed to
complete the LINK
process

Section 1: 30
Section 2: 28
Section 3: 30
Total:

Clarity: is the

Step 1

meaning and intent of
each step clear

Step 2
Step 3

Section 2
cartoon

Part 2

88

The LINK session ran for nearly ninety minutes excluding a tenminute incubation break. The participant did not record an answer
to each step as s/he felt that there was overlap see steps 15-16 and
steps 17 and step 18 below. The participant observed that this was
longer than s/he was expecting and that perhaps some of the steps
in the LINK instrument could be removed.
First, the participant did not answer step 1 as s/he regarded the
question as very vague and hence difficult to answer. We spent 5
minutes discussing what the question meant. The researcher had
intended the question to help ground and focus the participant’s
attention on the problem. However, given that the participant
spent 30 mins on the following two questions 2 & 3, step 1 may
be redundant.
The participant asked what the term ‘concepts’ mean?
The use of the word ‘issue’ is ambiguous and should be replaced
with the problem itself: climate change and forests
Fourth, for the purposes of a pre-test the researcher needs to
ensure that the list is exhaustive, i.e., that the participants can
literally think of no more actions. Whilst the researcher provided
this instruction orally, words to the effect ‘list until you can’t
think of any more’ need to be added.
The use of the cartoon shown in figure 2 was problematic. The
participant did not ‘understand’ the cartoonist’s point and we
spent some time discussing the cartoon instead of focussing on
forests and climate change.
The participant and researcher discussed a number of questions
that the participant felt could be interpreted in multiple ways as
follows:
1) Provide an example for what was meant by context on the
information page.
2) Replace the term ‘problem statement’ with the concrete
example- forests and climate change
3) Specify in step 6 that the diagram relates to the forests and
climate change problem
4) Specify in step 7 that participants use their previous diagram as
the source for their problem statement

Part 3

5) Explicitly instruct participants to write down the words in Step
12 that they are reminded of when they reflect on their diagram
of the problem statement
6) Step 17 explicitly state that the participant should compare the
recall situation with the forests and climate change process

Ease of use: does

The participant noted that section one of the LINK instrument
could be abbreviated.

the LINK process
follow a logical flow

Mutual
exclusivity:
overlap or duplication

Step 1

The participant observed that step 1 doubled up with steps 2 & 3

Step 10 &

The participant notes that these two questions were direct repeats
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in the scope of steps

Comprehensiven
ess: are there

11 repeating
step 8 & 9

of each other. The participant felt reading the answers to 8 & 9
would be sufficient to remind them of their answers

Steps 15 and
Steps 16

The participant did not write down responses to steps 15 and
sixteen as s/he felt that they had answered these questions in step
14. In Step 14 s/he incorporated action-oriented statements such
as: ‘Areas of public support for the policy are resource sector and
land’.

Step 17 and
Step 18

The participant did not write a response for step 18 as s/he felt
that they had answered step 18 in Step 17. In step 17 s/he
incorporated action-oriented statements such as: “Reinforces the
role set by the international community on forests in all countries”

None noted

additional steps
required to meet the
intended impact

Impact summary

Factor 1

Yes

Factor 2

Yes

Factor 3

Yes

Factor 4

Yes

Factor 5

Partial

The researcher derived five findings from the second case as follows:
First, LINK version-one mostly had the impact that the researcher intended. That is, it
assisted the participant to describe factors underlying the forests and climate change
problem; identify actions that could be taken to address the forests and climate change
problem; impose a structure on the ill-structured forests and climate change problem; link
to other source situations outside of forests and climate change domain; and transfer
knowledge from the source situation to derive new ways to address the forests and climate
change problem.
Secondly, version-one took up too much of the participant’s time to complete. This
participant took eighty-five minutes excluding the ten-minute incubation break and did
not complete three of the questions. The participant felt that it was a long time to
concentrate and this participant remarked that s/he was rushing to finish the process. This
is not ideal as the end of the process is critical to the utilisation of knowledge from outside
of the target problem domain.
Thirdly, section one of version-one could be streamlined by only requiring participants to
record two sets of information: factors and actions.
Fourthly, the cartoon at the beginning of section two did not appear to assist the problem
solver so in order to save time it could be eliminated. Using the cartoon as an indicator of
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the participant’s ease of use of analogy was an interesting conjecture but the researcher
could not confirm whether the conjecture was in fact supported by the literature.
Fifthly, the first task following the break, steps 10 and 11, aimed to refocus the
participant’s conscious attention on the generic problem statement. The participant noted
with a little frustration that steps 10 and 11 seemed to repeat steps 8 and 9. The intention
in posing similar questions was an attempt to maintain the participant’s focus on the
‘generic’ problem structure, having just spent some thirty minutes in the forests and
climate change domain. For phase three of the study if there is to be an incubation period
then step 10 and 11 would need to be retained, however, if no incubation period is to be
used; here the amount of time the participant has is the critical factor; then steps 10 and 11
would need to be removed. Future trialling will determine this issue.
4.4.1.1.3 Summary	
  of	
  changes	
  from	
  Version-‐one	
  to	
  Version-‐two	
  
Time was at a premium and accordingly the researcher modified the LINK instrument as
follows:
1. Removing the requirement in step 1 to record any thoughts and instead focus just
on the factors and actions inherent in the forests and climate change problem.
2. Removing the cartoon and hence time spent explaining its meaning.
In addition a number of instructions were modified. Precision in the written instructions is
critical as it focuses the participant’s attention. The problem is the participant’s
understanding of the meaning and intent behind a word can differ from the researchers.
Words like ‘concept’ and ‘agent’ required discussion on their precise meaning. The
participant was keen to make sure that s/he completed the task properly. This was both
more time consuming and slightly frustrating for both the researcher and the participant.
Overall, in response to the ‘vagueness’ the researcher sought to provide more specificity
in the instructions by making the following amendments to Version 1:
1. Provide an example for what was meant by context on the information
page of section two;
2. Step 4: substituting ‘forest and climate change as shown in figure 1 page 2’
for ‘the problem statement’;
3. Step 5: substituting ‘forest and climate change as shown in figure 1 page 2’
for ‘the problem statement’;
4. Step 6: insert ‘involved in forests and climate change’ after the word
‘concepts’;
5. Step 7: substitute the word ‘diagram’ for ‘agents and concepts’;
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6. Step 8: replace step 8 with the following. “Underline each of the nouns in
your problem statement. Now rewrite your problem statement but
substitute a generic term for each noun. For example, forest = Object A;
person = Agent X, climate change = bad outcome”;
7. Step 9: replace Step 9 with the following. “Redo your diagram from
Question 5 but this time use the substituted terms you devised in Question
8”;
8. Step 12: explicitly instruct participants to write down the words that they
are reminded of when they reflect on their diagram of the forests and
climate change;
9. Step 17: explicitly state that the participant should compare the recall
situation with the forests and climate change process
4.4.1.2

LINK	
  instrument:	
  Version-‐two	
  	
  

Version-two was trialled with one participant. The case is summarised below in terms of
the instrument factors listed in Table 3 above. The researcher reports below only on those
observations relevant to changes made to version-two. The section concludes with a
summary of the changes made to version-two.
4.4.1.2.1 Case	
  three	
  
The assessment of Version-two against the instrument factors is presented in the table
below.
Factors

Data

Notes

Context: notes

Local restaurant

The LINK session took place at a local restaurant that was known
to both the researcher and the participant. The restaurant was
spacious and quiet (nice food as well).

on the impact that
the context had on
the use of the
LINK instrument

The LINK session sections one and two were conducted before
the meal and section two was conducted after the meal – a thirtyminute break.
There was a limited amount of interactivity between the
researcher and the participant to clarify the meaning and intent of
the LINK instrument
The researcher paid for the meal

Duration
(minutes): how
much time is
needed to
complete the
LINK process

Clarity: is the
meaning and
intent of each step

Section 1: 20

The LINK session ran for ninety minutes.

Section 2: 30

The participant considered each question very thoroughly and was
not concerned about the amount of time that the LINK process
took

Section 3: 40
Step 1 numbers
of actions

The participant sought clarification on how many actions they
were required to note down in response to the forests and climate
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clear

Ease of use:

change problem.

Step 8

The participant did not complete step 8 as they felt that they just
needed to use their generic statement and they needed a break
after spending nearly an hour completion sections one and two of
the LINK process

Steps 14 & 15

The participant commented that steps 14 & 15 overlapped
considerably and that answering step 15 also answered step 14

does the LINK
process follow a
logical flow

Mutual
exclusivity:
overlap or
duplication in the
scope of steps

Steps 16 & 17

Comprehensi
venessare there

No comments
by the
participant

additional steps
required to meet
the intended
impact

Impact
summary

Similarly the participant commented that steps 16 & steps 17 also
overlapped and that answering step 16 also answered step 17

Factor 1

Yes

Factor 2

Yes

Factor 3

Yes

Factor 4

Yes

Factor 5

Yes

The researcher derived two findings from the third case involving version-two as follows.
First, LINK version-two mostly had the impact that the researcher intended. That is, it
assisted the participant to describe factors underlying the forests and climate change
problem; identify actions that could be taken to address the forests and climate change
problem; impose a structure on the ill-structured forests and climate change problem; link
to other source situations outside of forests and climate change domain; and transfer
knowledge from the source situation to derive new ways to address the forests and climate
change problem.
Secondly, that the duration of the knowledge session at ninety minutes is still too lengthy.
Whilst the participant had a very deliberate and particular demeanour and was untroubled
by the amount of time taken throughout the LINK process (with the exception of step 8) a
previous participant had not been as accommodating. Accordingly, the researcher was
keen to further reduce the number of steps. In essence this meant reducing the breadth of
data collected to ensure that the most critical impact data in section three of LINK was
collected.
4.4.1.2.2 Summary	
  of	
  changes	
  from	
  LINK	
  Version-‐two	
  to	
  Version-‐three	
  
The researcher modified the LINK instrument as follows:
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1. Combining steps 14 and 15 into a single step 14 that read “Reflecting on your
recall situation what actions were successful and why?”
2. Combining steps 16 & 17 into a single step that read “Taking each of the actions
and success factors that you identified in Question 14 and reflect on the climate
change and forests problem. Can you relate the action and its success factors to the
climate change and forests problem?”
4.4.1.3

LINK	
  instrument:	
  Version-‐three	
  	
  

Version-three of the LINK instrument was trialled with two participants, however one
participant was outside the age cohort that the study finally decided for the study.
Accordingly this participant was excluded from analysis. The remaining case is
summarised below in terms of the instrument factors listed in Table 3 above. The
researcher reports only on those observations relevant to changes made to version-three.
The section concludes with a summary of the changes made to Version-three.
4.4.1.3.1 Case	
  Four	
  
The assessment of Version-three against the instrument factors is presented in the table
below.
Factors

Data

Notes

Context: notes on

Local
restaurant

The LINK session took place at the same local restaurant as the
previous participant case three.

the impact that the
context had on the
use of the LINK
instrument

All the LINK session sections were conducted with no incubation
period. The participant could only spare an hour.
There was a limited amount of interactivity between the
researcher and the participant except to clarify the meaning and
intent of the LINK instrument
The researcher paid for the meal

Duration
(minutes): how
much time is needed
to complete the
LINK process

Clarity: is the

Section 1: 5

The LINK session ran for fifty-five minutes.

Section 2: 30

The participant was very comfortable and quickly responded to
the steps.

Section 3: 20
No comments

meaning and intent
of each step clear

Ease of use:

Step 1

The researcher decided that given the time constraints that it was
important to get to section three and so directed the participant to
read the forests and climate change problem but not list the
underlying factors.

Step 11

The participant noted that you could merge steps 11 and 12 as the
aim of the process is to quickly get to the recall situation

does the LINK
process follow a
logical flow

Mutual
exclusivity:
overlap or
duplication in the
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scope of steps

Comprehensive
nessare there
additional steps
required to meet the
intended impact

Impact
summary

No comments
by the
participant

Factor 1

Yes

Factor 2

Yes

Factor 3

Yes

Factor 4

Yes

Factor 5

Yes

The researcher derived three findings from the fourth case involving LINK Version-three
as follows.
First, LINK Version-three mostly had the impact that the researcher intended. That is, it
assisted the participant to describe factors underlying the forests and climate change
problem; identify actions that could be taken to address the forests and climate change
problem; impose a structure on the ill-structured forests and climate change problem; link
to other source situations outside of forests and climate change domain; and transfer
knowledge from the source situation to derive new ways to address the forests and climate
change problem.
Secondly, the researcher concluded that the LINK instrument was approaching an optimal
number of steps given that the participant completed the LINK process in under an hour
(even acknowledging that the participant was instructed not to record answers to step 1.)
Thirdly, the researcher noted that in the current case the lack of an incubation period did
not appear to have much impact on the participant being able to access a source situation
from a domain outside of the target problem. The researcher therefore decided to see if
this result would be replicated in subsequent cases.
4.4.1.3.2 Summary	
  of	
  changes	
  from	
  Version-‐two	
  to	
  Version-‐three	
  
The researcher further modified the LINK instrument as follows:
•

Combining steps 11 and 12 into a single step 11 that read “Focus on the generic
problem statement and diagram that you have just written. Does the statement and
diagram remind you of situations that you have encountered before? List the first
things that comes to mind irrespective of how odd they may seem – it can be
anything”

•

The incubation break was removed from the LINK process and instrument
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4.4.1.4

LINK	
  instrument:	
  Version-‐four	
  

Version-four, was trialled with two participants. The researcher reports only on those
observations relevant to changes made to Version-four. The section concludes with a
summary of the changes made to Version-four.
4.4.1.4.1 Case	
  Five	
  	
  
The assessment of Version-four against the instrument factors is presented in the table
below.
Factors

Data

Notes

Context: notes on

Cafe

The LINK session took place at the same local restaurant as the
previous participant case three & four.

the impact that the
context had on the
use of the LINK
instrument

All the LINK session sections were conducted with no incubation
period.
There was a limited amount of interactivity between the
researcher and the participant to clarify the meaning and intent of
the LINK instrument
The researcher paid for the meal

Duration
(minutes): how
much time is needed
to complete the
LINK process

Clarity: is the
meaning and intent
of each step clear

Section 1: 10
Section 2: 25
Section 3: 28
Section one and
two

No comments on section one and two of the LINK instrument

Step 11 -13

The participant asked if there was a particular type of recall
situation that was most useful. The researcher indicated that the
participant’s personal experience was the most important aspect
to capture. The participant then remarked that the instructions
should be modified to more directly guide the participant in that
direction. That is, ask the participant specifically for personal
experiences that they are reminded of (as opposed to generic
recall situations). This more quickly helps the participant to tap
into their personal experience and knowledge.

Step 14

Ease of use:

Step 14

does the LINK
process follow a
logical flow

Mutual
exclusivity:

The LINK session too just over an hour

There was an error in the instructions for step 14. The instructions
should refer to ‘question 13’ not ‘question 14’

The participant observed that it would be difficult to transfer the
concrete actions taken in the recall situation with forests and
climate change without discussing it further with the researcher

No comment

overlap or
duplication in the
scope of steps
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Comprehensive
nessare there
additional steps
required to meet the
intended impact

Impact
summary

No comments
by the
participant

Factor 1

Yes

Factor 2

Yes

Factor 3

Yes

Factor 4

Yes

Factor 5

Yes

The researcher derived four findings from the fifth case involving Version-four as
follows. First, Version-four mostly had the impact that the researcher intended. That is, it
assisted the participant to describe factors underlying the forests and climate change
problem; identify actions that could be taken to address the forests and climate change
problem; impose a structure on the ill-structured forests and climate change problem; link
to other source situations outside of forests and climate change domain; and transfer
knowledge from the source situation to derive new ways to address the forests and climate
change problem.
Secondly, the LINK session was completed in a reasonable amount of time, 63 minutes.
At the same time the participant was able to access and use a source problem from outside
the target problem domain. This repeats the findings from case four and indicates that the
LINK instrument has reached an optimal number of steps without compromising the
intended impact of the instrument.
Thirdly, the participant made no comments on sections one and two of Version-four. The
researcher took the lack of comment as an indication that the Version-four of the LINK
instrument might be reaching an optimal set of steps and instructions.
Fourthly, the researcher concluded that LINK Version-five section three should
specifically instruct the participant to focus on recall situations with which they personally
familiar. This would replace the reliance on prompting by the researcher.
4.4.1.4.2 Case	
  Six	
  	
  
The assessment of Version-four against the instrument factors is presented in the table
below.
Factors

Data

Notes

Context: notes

Café and
participant’s
home

The researcher met the participant in café and spent 15-20
minutes discussing each of the steps contained in the instrument.
The participant then took the LINK instrument home and
completed the session there. The researcher invited the participant

on the impact that
the context had on
the use of the
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LINK instrument

to phone the researcher if s/he had any queries.
All the LINK session sections were conducted with no incubation
period.

Duration
(minutes): how
much time is
needed to
complete the
LINK process

Clarity: is the
meaning and
intent of each step
clear

Ease of use:

Section 1: 9

The LINK session took just under an hour

Section 2: 19
Section 3: 25
Section one and
two

No comments on section one and two of the LINK instrument

Section 3: steps
13 -14

The participant contacted the researcher to discuss the intent of
steps 13 and 14. The participant’s recall situation (ie source
situation) involved a chemical equation that meant that step 13
did not make sense. That is, there were no successful actions
involved in the chemical equation. Nevertheless, the participant
was able to use the ideas from the recall situation to create new
actions to address the forests and climate change problem

No comment

does the LINK
process follow a
logical flow

Mutual
exclusivity:

No comment

overlap or
duplication in the
scope of steps

Comprehensi
veness are there
additional steps
required to meet
the intended
impact

Impact
summary

No comments
by the
participant

Factor 1

Yes

Factor 2

Yes

Factor 3

Yes

Factor 4

Yes

Factor 5

Yes

The researcher derived four findings from the sixth case involving Version-four as
follows. First, Version-four mostly had the impact that the researcher intended. That is, it
assisted the participant to describe factors underlying the forests and climate change
problem; identify actions that could be taken to address the forests and climate change
problem; impose a structure on the ill-structured forests and climate change problem; link
to other source situations outside of forests and climate change domain; and transfer
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knowledge from the source situation to derive new ways to address the forests and climate
change problem.
Secondly, the LINK session was completed in a reasonable amount of time, 53 minutes.
At the same time the participant was able to access and use a source situation from outside
the target problem domain to address the forests and climate change problem. This repeats
the duration findings from cases four and five and indicates that the LINK instrument had
reached an optimal number of steps without compromising the intended impact of the
instrument.
Thirdly, even without the researcher present the participant was able to complete the
sections one and two. This indicates that the LINK instrument instructions are becoming
clearer and less ambiguous.
Fourthly, the researcher concluded that section three of Version-four was still problematic.
Participants required clarification from the researcher as to the meaning and intent of the
instructions particularly steps 12-14. In particular, participants often asked what type of
recall situation the researcher was interested in. The researcher did not want to constrain
the automatic associations that the participants were making however, recall situations
derived from participants’ personal experience, tend to be a richer source of associated
knowledge. In turn, a richer source of knowledge with deeper sets of relations may be
more likely to have elements that could transfer across to the target problem of forests and
climate change. Consequently, modifications to Version-four’s instructions were required
to focus the participant on personal experiences.
4.4.1.4.3 Summary	
  of	
  changes	
  from	
  Version-‐four	
  to	
  Version-‐five	
  
The researcher modified the instructions for step 11 through to step 14 to read as follows:
•

Step 11: Focus on the generic problem statement and diagram you have just written.
Does the statement and diagram remind you of specific situations that you have

personally witnessed? List the first things that come to mind irrespective of how odd
they may seem – it can be anything.
•

The final three questions focus on those of your specific situations where you have
acted with some success or those situations where you have witnessed successful
actions.

•

Step 12: Pick one of the specific situations listed in 11 above where you have either
acted with some success or where you have witnessed successful actions. What
important ideas were involved in the specific situation?

•

Step 13: Reflecting on your recall situation identified in 12 above what actions were
successful and why?
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•

Step 14: Taking the successful actions and why they worked, reflect on the climate
change and forests problem. Can you see new possible actions that could be taken to
help address the climate change and forests problem

4.4.1.5

LINK	
  instrument:	
  Version-‐five	
  	
  

Version-five was trialled with two participants. However, due to a miscommunication on
the researcher’s part, one of the participants brought their own problem to address, that of
a West Australian constitutional issue. The researcher therefore used the LINK instrument
Version-five with the participant’s problem rather than the forests and climate change
problem. Although intriguing, this case is therefore excluded from further analysis. The
researcher reports only on those observations relevant to changes made to Version-five.
The section concludes with a summary of the changes made to Version-five.
4.4.1.5.1 Case	
  Seven	
  	
  
The assessment of Version-five against the instrument factors is presented in the table
below.
Factors

Data

Notes

Context: notes on

Cafe

The LINK session took place at the same local restaurant as the
previous participants.

the impact that the
context had on the
use of the LINK
instrument

All the LINK session sections were conducted with no incubation
period.
There was a limited amount of interactivity between the
researcher and the participant to clarify the meaning and intent of
the LINK instrument
The researcher paid for the meal

Duration
(minutes): how
much time is needed
to complete the
LINK process

Clarity: is the
meaning and intent
of each step clear

Section 1: 12

The LINK session took just over an hour

Section 2: 32
Section 3: 22
Section 3:
Step 11

The participant observed that s/he was reminded of situations that
were very familiar with but that they had not personally dealt
with. These situations may still be useful to consider.

Step 12 & 13

The participant observed that some recall situations may not have
been successfully resolved or had successful actions but they
could still provide useful knowledge for the forests and climate
change

Step 14

The participant observed that transferring the actions from their
recall situation to the forests and climate change was aided by
considering the ideas underlying the recall situation. The
participant observed that it was difficult to transfer the concrete
actions taken in the recall situation with forests and climate
change without discussing it further with the researcher.
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Ease of use:

Steps 9 & 10

does the LINK
process follow a
logical flow

Mutual
exclusivity:

The participant did not complete steps 9 & 10. They felt that it
was duplicating steps 8 & 9 just completed. This is a good point
as these two steps were put in place to refocus the participant after
the incubation period. As an incubation period is no longer in
place these two questions are redundant

No comment

overlap or
duplication in the
scope of steps

Comprehensive
ness: are there
additional steps
required to meet the
intended impact

Impact
summary

No comments
by the
participant

Factor 1

Yes

Factor 2

Yes

Factor 3

Yes

Factor 4

Yes

Factor 5

Yes

The researcher derived four findings from the seventh case involving Version-five as
follows. First, LINK Version-five mostly had the impact that the researcher intended.
That is, it assisted the participant to describe factors underlying the forests and climate
change problem; identify actions that could be taken to address the forests and climate
change problem; impose a structure on the ill-structured forests and climate change
problem; link to other source situations outside of forests and climate change domain; and
transfer knowledge from the source situation to derive new actions to address the forests
and climate change problem.
Secondly, section three of the process was still problematic for the participant. In
particular transferring the concrete actions of their recall situation to the forests and
climate change was difficult. Case seven’s recall situation involved a problem of an army
officer feeling that they were constantly being overridden. Version-five instructed
participants to look at the important ideas involved in the recall situation, however this
instruction still tended to keep the participant’s reasoning at a concrete level: ‘his feeling
of being overridden’ and ‘he wanted to know why it kept happening and to change it if he
could’. When the researcher prompted the participant using the term ‘underlying
concepts’ the participant readily identified that a concept of ‘changing recurring patterns’
underlay the action. The participant was then more easily able to apply the ‘changing
recurring patterns’ concept to the forests and climate change problem;
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Thirdly, version-five: steps 12 and 13 instructing participants just to focus on ‘successful’
actions needs to be changed. As the participant pointed out, learning from your mistakes
can often provide invaluable knowledge for successfully addressing future problems.
Fourthly, the researcher concluded that steps nine and ten were redundant given that there
is now no incubation period used in the LINK process.
4.4.1.5.2 Summary	
  of	
  changes	
  from	
  Version-‐five	
  to	
  Version-‐six	
  
The researcher modified the instructions for section three from as follows:
•

Steps 9 & 10 from Version-five were removed and replaced as follows.
•

Step 9 was changed to read:
Focus on the generic problem statement and diagram you have just developed in
question 7 & question 8. Does the statement and diagram remind you of situations
that you have encountered before? List the first things that come to mind
irrespective of how odd they may seem – the trigger can be anything: a word, a
phrase or a situation.

•

Step 10 was changed to read:
Reflecting on your answer to question 9 I would like you to select from your list
the situation that you are personally most familiar with. Write this situation down.

•

Step 11 was changed to read:
Now reflecting on this situation list the most important factors involved.

•

Step 12 was changed to read:
Reflecting on your recall situation please note the actions that were most significant and
the underlying concept involved.

•

Step 13 was changed to read:
Take your first action from Question 13 and reflect on the underlying concepts in your
first action. Can you apply this underlying concept/s to the Climate Change and Forests
problem? For example, a concept of “having more fun at work” could translate to a
forest and climate change action such as “design climate change education initiatives that
incorporate fun as a key element”
Repeat this process for as many of the actions as you can from your answers in Question
13.

4.4.1.6 LINK	
  instrument:	
  Version-‐six	
  	
  
Version-six was trialled with two participants. Given the development of the instrument thus
far and the ongoing improvements to the clarity in the process the researcher was keen to gain
an indication of the extent to which the participants could complete the LINK session without
the researcher being present. With this in mind the two cases for Version-six were conducted
using procedure two. The researcher reports only on those observations relevant to changes
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made to Version-six. The section concludes with a summary of the changes made to Versionsix.
4.4.1.6.1 Nil	
  response	
  participant	
  
Unfortunately, one of the two participants that initially agreed to trial Version-six could not
spare the time. When the researcher contacted the participant via the phone the participant did
not provide any feedback apart from the fact that of being busy and unable to find the time.
No further analysis was able to be undertaken and therefore the researcher has not designated
this as a ‘case’ but has noted the participant down as a ‘nil’ response.
4.4.1.6.2 Case	
  Eight	
  	
  
The assessment of Version-six against the instrument factors is presented in the table below.
Factors

Data

Notes

Context: notes on the

Participant’s
home

The researcher met the participant at his/her own home during a
family visit. The participant agreed to participate and the
researcher went through the process at a high-level for 15 – 20
minutes with the participant and invited the participant to phone
the researcher if s/he had any queries.

impact that the context
had on the use of the
LINK instrument

All the LINK session sections were conducted with no incubation
period.
Duration (minutes):

Section 1:

how much time is
needed to complete the
LINK process

Section 2:

The participant did not time his/herself completing the LINK
session however verbally indicated that it took just over an hour.

Section 3:
Clarity: is the

Front page

The participant observed that it would be useful to provide
participants with a focussed précis on the front of the LINK
instrument. They observed that the information currently on the
front of the instrument was too vague. They noted that although
this information was on the accompanying LINK information
sheet, they had mislaid the information sheet when they sat down
to conduct the LINK session.

No comment

It is important to note that the participant had not contacted the
researcher for clarification

meaning and intent of
each step clear

Ease of use: does the
LINK process follow a
logical flow

Mutual
exclusivity: overlap

No comment

or duplication in the
scope of steps

Comprehensivenes
s: are there additional

No comment

steps required to meet
the intended impact

Impact summary

Factor 1

Yes

Factor 2

Yes
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Factor 3

Yes

Factor 4

Yes

Factor 5

Yes

The researcher derived four findings from the eighth case involving Version-six as follows.
First, LINK Version-six mostly had the impact that the researcher intended. That is, it
assisted the participant to describe factors underlying the forests and climate change problem;
identify actions that could be taken to address the forests and climate change problem; impose
a structure on the ill-structured forests and climate change problem; link to other source
situations outside of forests and climate change domain; and transfer knowledge from the
source situation to derive new actions to address the forests and climate change problem.
Secondly, the participant was able to complete the LINK session unaided by the researcher.
Thirdly, despite the changes made to section three in Version-six the participant was able to
complete the LINK session in just over an hour
Fourthly, in reviewing the instrument design the researcher noted that the participants had not
specifically been given the opportunity to identify problems that reminded them of the forests
and climate change. That is, to what extent would the participants involved in the study
automatically recall problems from outside the forests and climate change domain without
having to go through the LINK process? The addition of a specific question in section one
would address this gap.
4.4.1.6.3 Summary	
  of	
  changes	
  from	
  Version-‐six	
  to	
  Version-‐seven	
  
The researcher modified the front page of the LINK instrument to read:
Problem solving: Every problem takes place within a given context. When we solve a
problem we tend to use knowledge that we associate with that context. The following
questionnaire aims to help you address a problem using knowledge that you would not
normally associate with the problem.
The LINK process: This questionnaire follows a prototype problem solving process
called LINK. The LINK questionnaire has three sections. Each section is designed to
capture your thoughts and ideas. It is important to understand that there are no right
or wrong answers to the questions in this questionnaire.
Time: The three sections in total will take approximately 1 hr to complete
The researcher added an additional step into section one of the LINK instrument as follows:
Step 3:
Does the climate change problem remind you of other situations? In the space below
list as many situations as you can think of.
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4.4.1.7

LINK	
  instrument:	
  Version-‐seven	
  	
  

Version-seven was trialled with one participant. As with Version-six the researcher was keen
to gain an indication of the extent to which the participants could complete the LINK session
without the researcher being present. With this in mind the case for Version-seven was
conducted using procedure two. The researcher reports only on those observations relevant to
changes made to Version-seven. The section concludes with a summary of the changes made
to Version-seven.
4.4.1.7.1 Case	
  Nine	
  	
  
The assessment of version-seven against the instrument factors is presented in the table
below.

Factors

Data

Notes

Context: notes on the

Café and
participant’s
home

The researcher met the participant at a local café. The participant
agreed to participate and the researcher went through the process
for 15-20 minutes at a high-level with the participant and invited
the participant to phone the researcher if s/he had any queries.

impact that the context
had on the use of the
LINK instrument

All the LINK session sections were conducted with no incubation
period.
Duration (minutes):

Section 1:

how much time is
needed to complete the
LINK process

Section 2:

The participant did not time individual sections of the LINK
session however s/he indicated verbally that it took under an hour.

Section 3:
Clarity: is the

Section 1 title

meaning and intent of
each step clear

The participant noted that the titles of section 1 and section 2 used
the term ‘issue’ which s/he felt did not precisely portray the steps
within these sections as did the title of section 3 that used the term
‘problem’.
The participant noted that the LINK instrument referred to each
step as a ‘question’. S/he observed that this was slightly
confusing as the LINK instrument was in fact was a mix of
questions and instructions. S/he suggested the term ‘steps’ should
be used as it better reflected the sequential nature of the LINK
process and could incorporate both questions and instructions.

Section 2:
introductory
paragraph

Section 3:
Step 12

Ease of use: does the

Overall

The participant noted that it would be helpful to explain to the
participant what was going to take place over the entire section
using a familiar term – such as ‘brainstorming’ – S/he felt that
this term was comforting in the generally accepted sense that
‘anything goes’. This phrase puts people at ease before they
tackle the more technical section involving the use of terms such
as “agents” and “objects”.
Similarly for Question 12 the participant noted that the concept of
‘lessons learned’ was a familiar and non-threatening phrase to
help put people at ease in completing the final steps 12 and 13
From step 1 the participant objected to the logic of the approach
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LINK process follow a
logical flow

process

in the LINK process and was uncomfortable responding to the
steps. S/he noted in response to step 1: “why commence with an
effect rather than a cause? A lot of interrogation seems to be
required to get to this point in any analysis…”; and again in
response to step 4: “again, these [his/her responses] are based on
an initial set of hypotheses drawn from an effect that has not been
researched by me”; and finally in response to step 10 responding
to her/his generic problem statement: “EVERYTHING! There’s a
problem, one attempts to find out what the cause is and identify
ways in how to fix, manage or address it (best solution for all). It
could be a burst water pipe, interpersonal conflict, transportation
problem on the way to the airport, new work task, even a lost
child’s toy….”

Step 12 & 13

S/he advocated a generic process perspective of ‘assess; identify,
prevent, and perform’ ( quoted from his/her response to step 13).
Interestingly s/he was still able to complete the LINK process
steps, albeit with her/his own problem solving approach in mind,
until it came to the step 12 and 13 where s/he responded to
requests for ‘actions’ with his/her generic process: “assess;
identify, prevent, and perform”.
Importantly, it should be emphasised that the participant did not
seek clarification from the researcher during the completion of the
LINK process.

Mutual
exclusivity: overlap

Step 12

or duplication in the
scope of steps

Comprehensivenes
s: are there additional

The participant noted that the there was considerable overlap
between factors underlying the responses to step 12 and the
actions that were taken to address the recall situation at step 13
and the underlying concepts required for step 13. They further
noted that should the researcher consider using a term like
‘lessons learned’ then the participant is better able to provide a
more holistic answer. Further, providing examples of how a
‘lessons learned’ can be transferred would also assist the
participant to transfer the knowledge from the recall situation to
the forests and climate change problem.

No comment

steps required to meet
the intended impact

Impact summary

Factor 1

Yes

Factor 2

Yes

Factor 3

Yes

Factor 4

Yes

Factor 5

No. The participant reverted to generic form of problem solving
and suggested that this problem solving process should be applied
as actions to the forests and climate change problem

The researcher derived six findings from the ninth case involving Version-seven as follows.
First, LINK Version-seven mostly had the impact that the researcher intended. That is, it
assisted the participant to describe factors underlying the forests and climate change problem;
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identify actions that could be taken to address the forests and climate change problem; impose
a structure on the ill-structured forests and climate change problem; and link to other source
situations outside of forests and climate change domain. When asked to derive actions from
his source situation, despite linking to other source situations, this participant chose to apply a
generic problem solving approach. This participant’s use of generic concepts is discussed in
the paragraph below and more generally in Chapter Five.
Secondly, Version-seven of the LINK instrument was still not suitable for stand-alone use.
Case nine demonstrates that without the presence of an instructor, participants can adopt a
perspective that can derail the process. At the problem orientation stage, step one, the
participant adopted a particular perspective of problem solving and sought to apply his/her
problem solving approach throughout the LINK process. This perspective was evidenced by
her/his responses to not only steps one, four and ten outlined in the Table above, but also
his/her problem statement in step six. The participant’s problem statement, “To sustainably
reduce greenhouse gas emissions from forests, we should identify its cause and any actions
that can be undertaken”, (researcher bolded the text), did not attempt to describe an
underlying structure to the forests and climate change problem per se but, instead, structured
the problem from her/his problem solving perspective. This problem statement emerged
despite the participant noting in response to the previous step, five main factors present in the
forests and climate change problem, for example: “logging is a trade that provides families
with income” and “forests should be addressed as a potentially major aspect of climate
change initiatives.” In summary, the presence of an instructor may have allayed the fears of
the participant simply by asking them to suspend disbelief and encouraging them to
experiment with the knowledge process.
Thirdly, the participant was able to recall a situation totally unconnected to forests and climate
change and unconnected to the source situations that she identified in response to step three.
The knowledge session enabled the participant to access knowledge from outside the forests
and climate change domain that they were unable to recall prior to undertaking the knowledge
process.
Fourthly, the participant was reluctant to rush into addressing a problem with which they were
only passingly familiar. Nevertheless, problem-solving situations arise where there is no
answer to a problem but you have to act anyway – see above for the discussion on many ill
structured, i.e. wicked problems. To cater for those scenarios problems solvers need to
proceed anyway and this instruction needs to be included in Version-eight of the LINK
instrument.
Fifthly, the participant suggested the use of more friendly and holistic phrases such as ‘brainstorming’ and ‘lessons learned’. In particular the use of the phrase ‘lessons learned’, in
Page 132

conjunction with some examples of transferring knowledge from one domain to the forests
and climate change domain, would mean that step 12 was no longer necessary. This assumes
that the phrase ‘lesson learned’ does evoke generic concepts along with the concrete actions.
Remembering that participant in case seven had problems transferring knowledge from the
recall domain to the forests and climate change domain because the recall actions were too
closely wedded to the recall problem domain.
Sixthly, despite the difficulties described above the participant advised that using the Versionseven took them less than an hour.
4.4.1.7.2 Summary	
  of	
  changes	
  from	
  Version-‐seven	
  to	
  Version-‐eight	
  
In response to the findings from version seven the researcher modified the LINK instrument
as follows:
•

the front page of the LINK instrument was changed to highlight that there are many
different valid ways of solving problems but that participants are asked to adopt the LINK
approach for the purposes of the study as follows:
Perspective and problem solving
We all successfully solve problems on a daily basis. Consequently, over your lifetime
you will have used a range of different methods to solve problems. Today you will be
asked to put these approaches aside to try a prototype process called LINK.
LINK aims to help you view a complex problem from a perspective that you may not
initially have thought of. Alternative perspectives are important as research shows
that individuals can gain insights into problems by applying their knowledge of
unrelated situations.
The LINK process. The LINK process has three stages. Each stage is designed to
capture your thoughts and ideas. It is important to understand that there are no right
or wrong answers to the questions in each stage.
Time: The three stages in total will take approximately 1 hr to complete

•

The title to section one was modified as outlined in the table above to read: Stage 1
Describing the problem

•

The paragraph introducing section one was also modified to reinforce the need for
participants to act in problem situations where they have insufficient time or experience to
further research the problem ie a novice addressing an ill-structured problem issue. The
introductory paragraph to section one was modified to read as follows:
Many times when you confront a situation, especially a situation with which you are only
vaguely familiar, you have to act on limited information. Stage 1 of the LINK process
aims to capture your immediate understanding of the forests and climate change issue.
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Assume that you are only able to act on your current level of understanding of forests and
climate change.
•

The title to section two was modified to read: Stage 2 Abstracting the problem

•

The paragraph introducing section two was also modified to better explain the aim and
approach to section two of the LINK instrument as follows:
Stage 2 of the process aims to help you uncover an underlying structure to forests and
climate change. Questions 4 to 9 follow a brainstorming pattern that first gets you to
identify elements of forests and climate change and then asks you to consolidate those
elements into your own concise problem statement.

•

Step 4 was modified to introduce terms for the structural elements of a problem as
follows:
Most complex problems can be broken down into a number of key elements. These
include:
Agents (noun phrases eg large cars, government departments, etc)
Factors (doing phrases eg frowning causes wrinkles)
I would like you to re-examine the forests and climate change issue in Figure 1 and write
down the agents in the forests and climate change issue.

Steps 12 to 14 were reduced to Step 12 and Step 13 as follows.
Step 12 was modified to include the term ‘lessons learned’ as follows:
Now, reflecting on your recall situation note down the lessons you learned. For
example, a lessons learned from a work problem might be “I need to remember to have
more fun teaching at my school”.
Step 13 was modified to include the term ‘lessons learned’ as follows:
The final step of the LINK process is to apply the lessons learned from your recall
situation to the forests and climate change problem. This means taking your personal
experience and looking for ways to address the more general, impersonal problem of
forests and climate change. For example, “I need to remember to have more fun
teaching at my school” could translate to a forest and climate change action such as
“design climate change education initiatives that incorporate fun as a key element”
Repeat this step for as many of the lessons learned as you can from your answers to
Question 12.
4.4.1.8 LINK	
  instrument:	
  Version-‐eight	
  	
  
Version-eight, was used with one participant. Unlike the previous two versions the researcher
was present at the LINK session, in part because the participant had expressed an interest in
participating as an instructor in the next phase of the study. With this in mind Version-eight
was trialled using procedure one. The researcher reports only on those observations relevant
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to changes made to Version-eight. The section concludes with a summary of the changes
made to Version-eight.
4.4.1.8.1 Case	
  Ten	
  	
  
The assessment of Version-eight against the instrument factors is presented in the table below.
Factors

Data

Notes

Context: notes on the

Participant’s
home

The researcher met the participant at his/her home and conducted
the LINK process using procedure one.

impact that the context
had on the use of the
LINK instrument

All the LINK session sections were conducted with no incubation
period.
There was a limited amount of interactivity between the
researcher and the participant to clarify the meaning and intent of
the LINK instrument

Duration (minutes):

Section 1: 15

how much time is
needed to complete the
LINK process

Section 2: 25

The participant took sixty five minutes in total.

Section 3: 25
Clarity: is the

Typos only

meaning and intent of
each step clear

Apart from noting a number of typographical errors, eg the word
‘can’ missing from the introductory paragraph in section one the
participant made no comments on the clarity of the process.
As an aside, the participant was familiar with mind mapping
technique and employed this throughout the LINK session and
recorded many of the responses as mind maps.

Ease of use: does the

No comment

LINK process follow a
logical flow

Mutual
exclusivity: overlap

Following s/he completing the LINK process the participant
demonstrated how easy it was to use by applying the process
(minus section one) to a workplace change problem s/he was
having at work.

No comment

or duplication in the
scope of steps

Comprehensivenes
s: are there additional

No comment

steps required to meet
the intended impact

Impact summary

Factor 1

Yes

Factor 2

Yes

Factor 3

Yes

Factor 4

Yes

Factor 5

Yes

The researcher derived three findings from the tenth case involving Version-eight as follows.
First, LINK version-eight mostly had the impact that the researcher intended. That is, it
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assisted the participant to describe factors underlying the forests and climate change problem;
identify actions that could be taken to address the forests and climate change problem; impose
a structure on the ill-structured forests and climate change problem; link to other source
situations outside of the forests and climate change domain; and transfer knowledge from the
source situation to derive new actions to address the forests and climate change problem.
Secondly, for the current study no further amendments to Version-eight of the LINK
instrument were required. The participant made no comments on the process when asked and
had little difficulty in completing the process in just over an hour.
Thirdly, the researcher concluded that Version-eight of the LINK instrument was sufficiently
developed for it to be used by a third party instructor. The participant had no difficulty in
using the LINK instrument. After completing the session the participant was sufficiently
impressed with the process that s/he decided to apply the process to a work problem s/he was
facing. The work problem involved leading a change process. With the researcher s/he spent
a further forty minutes addressing the work problem. This resulted in the participant
identifying a creative perspective on the workplace change problem. In turn the participant
generated a set of actions he could apply in the workplace16.

4.5 The impact of the researcher on the study findings
Phase two of the study involved the researcher conducting the knowledge sessions with
participants while phase three involved a third party ‘instructor’ conducting the sessions. The
researcher was more involved during the trialling of the initial versions of the LINK
instrument to compensate for its inadequacies. Later versions of the LINK instrument were
more robust and required less intervention from the researcher. Indeed later in phase two,
three participants completed the knowledge transfer process in the absence of the researcher.
In part, the use of a third party instructor in phase three to conduct the knowledge transfer
sessions aimed to minimise the researcher’s influence on the collection of data. The instructor
was trained in the use of the LINK instrument. The instructor used procedure one to set up
and conduct each LINK session. A guidebook was developed to assist the instructor conduct
each LINK session.

4.5.1 Findings
Phase two and phase three participants’ conceptualisation and solutions to the forests and
climate change problem have been listed in Tables in Attachment A. Table 4.4 below lists
summary statistical data (two sample t-test) comparing the phase two researcher-lead
16

Although out of scope for the study this example was one of two examples where participants successfully applied the
knowledge transfer process to a problem other than forests and climate change. As this problems differs from forests and
climate change it is out of scope for the current study. The second example can be found in Appendix X
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responses to the phase three instructor lead responses. Columns two and three titled FCC and
FCCa respectively, correspond to LINK section one: defining the forests and climate change
problem and FCCa: identifying potential actions to address the forests and climate change
problem. Column four, titled Schema, corresponds to LINK section two: developing generic
schemas of the forests and climate change problem. Columns five and six titled SSa and
FCCb correspond to LINK section three: linking to a source situation and recalling actions
taken (SSa) and then developing new actions to address forests and climate change (FCCb).
Finally, a ‘1’ indicates that the participant responded to that step in a manner intended by the
knowledge transfer process whereas a ‘0’ indicates it did not.
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Table 4-4. Two sample t-test comparing the phase two researcher-lead participant responses to the
phase three instructor lead participant responses.
IMPACT DIMENSIONS
statistic
FCC
FCCa
Abs
SSa
FCCb
Overall
T-‐test	
  2-‐	
  
sample	
  

no	
  difference	
  

0.34	
  

0.34	
  

0.86	
  

0.77	
  

0.64	
  

p-‐value	
  	
  

no	
  difference	
  

0.74	
  

0.74	
  

0.40	
  

0.45	
  

0.53	
  

Generally speaking, p-values of .05 or less are required to reject the null hypothesis. In the
LINK case the null hypotheses are that there is no difference between the two groups’ means
for each part of the LINK process outlined in Table 4.4 above. With all the p-values value
ranging between 0.34 and 0.86 we cannot reject any of the null hypotheses. Therefore, we
conclude that there is no statistically significant difference between the researcher and
instructor lead data obtained at each of the five impact dimensions. For example, most
participants appeared to have sourced and used knowledge from a source domain to develop
new actions to address the forests and climate change problem. In the researcher-led cases
only two of ten participants, participant one and participant nine, failed to derive new actions
from their source situation. As discussed above participant one did not progress past section
one of the LINK instrument and participant nine derived generic actions from her/his own
generic approach to problem solving. It should also be noted that the researcher was not
present whilst participant nine was completing the instrument.
Similarly in the instructor-led cases only one participant did not manage to derive a new
action from their source situation. As discussed immediately below participant 14 was ruled a
0 for her/his literal translation of lessons learned from the source domain to the FCC domain.
An independent third party coded the impact dimensions above. Two participants’ data
caused discussion with the researcher, participant 2 and participant 14. The discussion for
participant two revolved around the interpretation of the word ‘regulation’. Following
discussion both the researcher and the coder agreed that the use of the word regulation
differed sufficiently from the intent of the participant’s initial actions to record a ‘1’ for
column FCCa.
The second discussion involving participant from case study14 revolved around the extent to
which this participant’s data met the intent of the steps in section three of LINK. Following
discussion both the researcher and the coder agreed that whilst the participant recalled lessons
learned from their source situation the subsequent blended actions FCCb could not be
considered ‘real’ actions but simply a literal translation of the lessons learned to the FCC
domain. For example, this participants third lessons learned ‘I enjoyed science classes’
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translated to ‘ I enjoyed learning about forests and climate change’. Consequently, case
study 14 was rated a zero for the final parts of the process. In summary, analysis of this data
indicates that the instructor-led participant responses differed little from the researcher-led
participant responses.

4.6 Discussion: The development of the LINK instrument
This section canvasses the parameters involved in developing and using the LINK instrument
in the field. It begins by the discussing the utility of the study’s evaluation framework and
then summarises the key developmental issues and trade-offs that emerged during phase two
of the study. The section finishes by drawing a number of conclusions on the parameters that
best supported the implementation of the LINK instrument in the field.

4.6.1 Design Science Research: A pragmatic framework
This thesis required a pragmatic research framework that catered for interdependent streams
of research activity, that is, the development of the knowledge instrument was built on
iterative trialling of the instrument that captured both developmental aspects as well as the
instrument’s impact. Pries-Heje et al’s (2007) evaluation framework effectively guided the
iterative development of the LINK instrument. By specifying the overall aim of LINK and
then identifying specific and clear aims for each of its individual steps the researcher was able
to incrementally increase LINK’s stand-alone performance. Each participant’s feedback was
used to inform each subsequent version of the instrument. This iterative process resulted in an
increasingly sophisticated artefact that required less intervention from the researcher.
This was an exploratory research project that involved a field study with a circumscribed time
frame, which concurrently developed a prototype instrument and protocols whilst monitoring
its impact on a small number of novices addressing a complex issue. Unsurprisingly, a range
of idiosyncratic, unique qualitative data was generated that guided the iterative development
of the tool. Given this context, quantification was only used in a simple but appropriate way
given the research aims. In terms of subjectivity the seminal, exploratory nature of the
project and the relatively small number of participants meant that the researcher subjective
assessments were unavoidable. Instead, using established techniques (see for example, Leedy
and Ormerod 2010, p, 100 thick descriptions) the researcher has described the data in deep
and rich terms against stated aims in the LINK process (i.e. Pries-Heje et al’s ex-ante
evaluation (2008).
Importantly, as advocated by design science research methodology, the trial participants were
central to the development of the LINK instrument, not only for the data they provided but
also for setting the benchmark against which the utility and validity of LINK could be
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established. An absolute measure, for example, actions to address forests and climate change
that an expert in forests and climate change may advocate, was not appropriate even if one
could be found. Instead, it was necessary for each participant to set their own benchmark in
the form of a relative measure, that of new actions derived from their extra-domain
knowledge. The participants’ actions were new relative to their initial actions and not relative
to an absolute benchmark set by an expert in the problem domain. DSR supports this
pragmatic approach (Hevner 2004).

4.6.2 Developmental issues
This chapter concludes that the LINK instrument facilitated participants to reason in the
manner in which the knowledge instrument intended. That is, apart from cases one and nine,
the LINK instrument guided each participant to systematically target, evoke and transfer
knowledge from a source situation distinct from the forests and climate change problem.
Against this backdrop a number of developmental issues emerged during the iterative phase
two trialling of the LINK instrument.
First, earlier more primitive versions of the LINK instrument took the participants longer to
complete and required more intervention, explanation and discussion from the researcher. As
the LINK instrument evolved and become clearer and more succinct, the researcher’s
intervention lessened. The increased clarity in the latter versions of the LINK instrument
permitted the researcher to use the stand-alone procedure (procedure two) with qualified
success.
Second, the case studies, exemplified by case study one, show that the knowledge transfer
process requires participants to write their own responses. The demanding cognitive steps
and concentration required of the participant, the level of specificity and integration between
each step in the process, and the risk of the researcher misinterpreting the participants’
responses, mitigates against using the current format of the knowledge instrument in a more
interactive oral way.
Third, the researcher made two practical trade-offs during the development of the eight
versions of the LINK knowledge instrument. First, during the development of the instrument
there was constant tension between the researcher’s wish to collect as much instrument data
as possible versus the participants’ concentration span required to provide the data. For
example, earlier versions of the instrument required the participants to respond to eighteen
steps, each of which corresponded to a logical set of data necessary to support the conceptual
step as described in section 4.3 above. However, participants soon indicated that a number of
steps in the LINK instrument were repetitive and therefore made little sense to them. This
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obliged the researcher to reduce the number of steps required of the participant and develop
steps that served more than one purpose. For example, steps one and two in earlier LINK
versions were combined to a single step in later versions of the instrument.
The second trade off made by the researcher concerned the use of an incubation period.
Recall that creativity researchers such as Howard-Jones & Murray (2003) argue that
incubation periods can support the problem solver’s ability to associate with knowledge from
outside of the problem domain. Due to time pressures, the researcher removed the use of an
incubation period between sections two and three of the LINK instrument from version two
onwards. Instead the researcher relied on the possibility that the cognitively demanding task
of constructing generic schemas could serve as a de-facto incubation period. The literature
notes that the tasking during the incubation break is more germane than the length of the
break itself (Segal 2003). The phase two findings indicate that participants did indeed still
link to a problem situation outside of the problem domain.

4.6.3 Parameters for using the LINK instrument
The parameters that best supported the implementation of the LINK instrument became
clearer through phase two of the study. First, findings indicate that procedure one (where an
instructor was present to answer participant queries) assists participants to use the LINK
instrument in the manner intended. In the earlier more primitive versions of LINK the
researcher was able to compensate for its deficiencies. The later more sophisticated versions
of LINK required less intervention from the researcher. As the stand-alone cases demonstrate,
however, aspects of the LINK instrument still required clarifications. In case six, the
participant sought clarification on two questions and then went on to successfully evoke and
then use extra-domain knowledge. In case nine, using protocol two, the participant did not
contact the researcher after the initial LINK session. The participant diverged from the
process and used their own problem solving approach for deriving actions to address the
forests and climate change problem. Had the researcher been present he could have reassured
the participant that their different problem solving approach was valid but for the purposes of
the study they were being asked to put this aside and trial the LINK instrument.
A second parameter that became clearer through the phase two trialling of the LINK
instrument was limiting the number of steps in the LINK instrument to thirteen or less, as in
Version-eight. The fact that each participant in cases five to ten, completed thirteen or less
steps in approximately an hour, are the basis for this assertion. For example, the participant in
case seven using Version-five only completed 12 of the 14 steps. Similarly, the participant in
case six using Version-four did not complete step 13 as it did not make sense in their
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situation. Consequently, the researcher settled on the thirteen steps in Version-eight for phase
three of the study.
The third parameter that became clearer concerns the amount of time that it is reasonable to
expect a participant to spend on a cognitively demanding task. An hour appears to be
approaching the limit that people can concentrate on the instrument.

4.7 Summary
This chapter has covered the development and initial trialling of the LINK instrument. The
study employed an ex-ante/ex poste evaluation of the LINK instrument through fieldwork
involving adult participants who were not experts in the field of the problem, referred to as
‘novices’. The novices addressed a single complex, concrete and ill-structured problem
concerning forests and climate change. The final Version-eight of the LINK instrument,
evolved through ten different cases17. Each was described in terms of the materials and
procedures used, the version of the LINK instrument and the content and data that was
collected.
The researcher’s use of the data obtained from trialling LINK is distinct in several ways.
First, the researcher collected qualitative data from participants on their assessment of the
LINK instrument, referred to as instrument data. In addition, the researcher collected data
from participants on the impact of the LINK instrument on their problem solving
deliberations. The researcher used participant’s instrument and impact data to iteratively
update the version of the instrument.
The researcher concludes that this iterative use of participant’s qualitative data enabled the
LINK instrument to become progressively more sophisticated requiring less intervention by
the researcher during each subsequent knowledge transfer session. The researcher’s
qualitative analysis of the instrument data together with the summary impact data leads the
researcher to conclude that the LINK instrument has usefully integrated the knowledge
transfer mechanisms discussed at the beginning of this chapter. To address the ill-structured
problem of forests and climate change, novices used the LINK instrument to access and use
extra-domain knowledge from a distant source situation. Further, the researcher concludes
that the LINK instrument has facilitated the participant’s thinking and reasoning in the
manner in which the LINK instrument intended. That is, apart from a number of steps in
cases one and nine, the LINK instrument guided each participant to systematically target,
evoke, and use knowledge from a source domain distinct from the forests and climate change
17

Thirteen individuals were approached in phase two of the study. Three cases were omitted from analysis: one because the
participant lay outside the final age cohort required for the study; one case brought their own problem for analysis and one
did not begin the LINK process due to a lack of time.
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problem. The researcher concludes that replacing the researcher with an instructor had little
impact on participant’s use of the LINK instrument thereby strengthening the study’s
findings. Further trialling however, outside of the current study’s parameters, is needed
before the utility of the knowledge process can be firmly established. In particular, increased
numbers of cases need to be trialled to permit quantification and hence validation/and or
rejection of the study’s findings.
A number of questions immediately arising from these conclusions will be addressed in
Chapter Five. First, how did the study trace the impact of the LINK instrument on novices and
importantly how did the study ascertain that the observed results were due to the knowledge
process? Responding to the lack of practical devices for measuring and profiling the
dimensions of a problem the researcher developed three small innovations: a simple ‘relative’
measurement device and two simple profiling devices from Jonassen’s typology. Chapter Five
discusses how the study design in conjunction with these tools assisted the researcher to trace
participants’ snapshots thereby indicating whether or not the knowledge transfer process
influenced the participants’ representations.
Secondly, what are the characteristics of novices’ thinking at each stage of the knowledge
transfer process that lead to the observed final results? Chapter Five examines the data that
reflects snapshots of participant’s thinking, at specific points throughout the knowledge
transfer process. Using these tools the analysis in Chapter Five indicates a more systematic
mining of the novices’ extra-domain knowledge than non-directive spontaneous approaches
previously reported in the literature.
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5 Research Findings
This chapter builds on Chapters Two and Four by tracing novices’ systematically evoking and
using extra-domain knowledge as they addressed the complex, ill-structured problem of
forests and climate change. The academic literature is used to discuss and contextualise the
knowledge process and interpret the novice participants’ conceptual representations. To that
end this chapter addresses Research Objective Two:
To explore the extent to which novices are able to use the knowledge process to
systematically access and then use their extra-domain knowledge to address a
complex, ill structured and concrete problem.
This is a primarily a qualitative, not a quantitative, exercise. The chapter builds on the
analysis of Chapter Four, by examining in greater detail the directed and written use of the
problem solvers’ own idiosyncratic generic schemas to systematically drive linkages with
their extra-domain knowledge. Analysing and tracing participant’s representation of their
thinking, i.e. snapshots, at specific points throughout the knowledge process is critical. In this
manner the researcher gains an indication of the extent to which the participants’
representations were systematically influenced by the knowledge process rather than by
chance.
Chapter Five begins by describing how the researcher traced participants’ movements in
thought across the stages in the knowledge process by developing a number of simple
profiling tools based on established concepts in the literature. Snapshots of participants’
thinking are placed on a three-dimensional frame whose axes reflect Jonassen’s three problem
dimensions of complexity, abstracted-ness and structured-ness. Chapter Five then follows the
order of the three stages in the knowledge process. Each section begins with an exemplar case
study that illustrates how the knowledge process operates. This is followed by an examination
of the extent to which participants’ responses to the knowledge process reflected the intent of
the steps in the knowledge transfer process. Analysis of section one data shows that
participants’ routinely identified key elements and actions to address the forests and climate
change problem in LINK section one. Unremarkably, the profiles of participants’
conceptualisations differed. Analysis of LINK section two data reveals the diversity and
commonality demonstrated among participants as they imposed their own idiosyncratic,
simplified structure on the complex and ill-structured forests and climate change problem.
Analysis of section three data provides strong support for the study’s conclusion that novices
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are able to systematically link with, and use, extra-domain knowledge when addressing an illstructured problem. All but one participant evoked a source situation that could be traced to
their generic schemas and the majority used structural elements present in their generic
schema to link to their source situation. The source situations were different and more distant
from the forests and climate change domain than those source situations that participants
‘spontaneously’ generated in stage one of the knowledge transfer process 18. The stage three
findings also indicate that most participants derived new actions to address forests and climate
change from their lessons learned. By way of contrast, a minority of participants derived new
actions from abstract concepts present throughout their responses to the knowledge process.

5.1 Profiling novices’ evocation and use of extra-domain
knowledge
This section introduces the three tools that were developed to trace and illustrate the study
participants’ movement in thinking as they proceeded through the knowledge process.

5.1.1 Tools for tracing and profiling novices’ evocation and use of extradomain knowledge
Key to assessing the impact of the knowledge instrument was tracing and illustrating the
participant’s movement in thinking based on their own written representations. The
participant’s own recordings permit the researcher to clearly identify the participant’s flow or
movement in thinking as they moved through the knowledge process. Three simple devices
were developed to assist tracking of this flow.
5.1.1.1

Relative	
  measurement	
  device	
  

Responding to the lack of a practical device for measuring the ‘absolute’ dimensions of a
problem the researcher developed a simple ‘relative’ measurement device derived from
Jonassen’s (2000) problem typology. The ‘relative’ measurement device is shown in Table
5.1 below.
Dimension	
  

Description	
  

Relating	
  

Structured-‐
ness	
  

Are	
  all	
  the	
  attributes	
  of	
  the	
  problem	
  known	
  or	
  
knowable?	
  
	
  	
  

FCC	
  =	
  max	
  
Motoring	
  
Problem	
  
=min	
  

	
  

Are	
  the	
  relationships	
  between	
  the	
  attributes	
  of	
  the	
  
problem	
  known	
  or	
  knowable	
  	
  
	
  

FCC	
  =	
  max	
  
Motoring	
  
Problem	
  
=min	
  

18

Stage one of LINK version eight included a step requesting participants to list situations that the FCC
reminded them of.
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Are	
  the	
  surrounding	
  parameters	
  for	
  solving	
  the	
  
problem	
  known	
  or	
  knowable	
  

Complexity	
  

The	
  total	
  number	
  of	
  attributes	
  and	
  relationships	
  
between	
  attributes	
  

Abstracted-‐
ness	
  

FCC	
  =	
  max	
  
Motoring	
  
Problem	
  
=min	
  

FCC	
  =	
  max	
  
Motoring	
  
Problem	
  =	
  
min	
  
‘Concrete’	
  localised	
  terms	
  that	
  belong	
  to	
  a	
  specific	
  
FCC	
  =	
  min	
  
knowledge	
  domain	
  are	
  used	
  to	
  describe	
  the	
  
Motoring	
  
problem,	
  its	
  attributes	
  and	
  the	
  relationship	
  between	
   Problem	
  =	
  max	
  	
  
attributes	
  
	
  

Table 5-1. Elements of a device for measuring the three dimensions of a problem adapted from
Jonassen (2000).

To illustrate how this measurement device was used, the two problems cited in Section 2.2
earlier are shown below together with a third hypothetical problem X.
Forests and Climate Change
Forests are one of the greatest environmental challenges—and opportunities—facing
the world in the 21st century. Forests are well known for their ability to absorb carbon
dioxide, but when they are destroyed they release CO2 into the air. This helps explain
why Indonesia, a developing country with high rates of deforestation, now has one of
the highest emissions rates in the world.
Forest loss contributes as much as 12-15% to annual greenhouse gas emissions, about
the same as the entire global transportation sector. It will be practically impossible to
avoid dangerous climate change without addressing this problem.19
Motoring Problem:
If it takes a car travelling non-stop for two hours at an average speed of sixty
kilometres per hour to travel from point A to point B what is the distance between
point A and point B?
The researcher’s approach to profiling participants’ problem representations and schemas was
to use the two problem exemplars outlined above as polar benchmarks. To illustrate how the
measurement device works lets use a hypothetical problem X:
Problem X:
An individual driving to location A has run out of petrol with ten kilometres to go.
What is the quickest way for the individual to arrive at Location A on time?
19

http://www.wri.org/stories/2010/03/forests-climate-change-and-challenge-redd visited on 29 April 2010
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To assess each dimension of the schema the researcher compared problem X to these two
exemplar problems. The participants’ schema is intermediate between the motoring problem
and the FCC problem. More precisely, problem X is rated as being more well structured than
ill- structured, more simple than complex, and more concrete than abstract.
5.1.1.2 Problem	
  profiling	
  tool	
  
A simple problem profiling tool was constructed to illustrate, contrast and compare in a
relative manner, participants’ problem representations and to profile Jonassen’s problem
dimensions. Figure 5.1 below illustrates the three problems described immediately above.
The simple profiling device provides a clear picture of the similarities and differences among
the three problems.
Ill-‐
Structured	
  	
  
10	
  
8	
  
6	
  
4	
  
2	
  
0	
  

Deforestation	
  
Motoring	
  
Problem	
  X	
  

Abstract	
  	
  

Complex	
  	
  

Figure 5-1. Problem profiling tool comparing three different problems.
5.1.1.3 Movement	
  in	
  thinking	
  profiling	
  tool	
  
To help visualise participants’ movements in thought across the stages in the knowledge
process, the researcher has adapted Jonassen’s three dimensions of complexity, abstractedness and structured-ness and blended it with Boisot’s notion of I-space Boisot (1998) in the
following manner. These three dimensions can be placed along an axis to create a cube as in
Figure 5.2 below.
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Figure 5-2. Movement in thinking profiling tool.
Changes in levels of thought can be placed along these axes to visualise the movement that
has occurred at the different stages of the knowledge process. For example, we can portray
participant seven’s movement in thought from first describing the forests and climate change
problem through to developing her/his generic schemas as shown in Figure 5.3 below.
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Figure 5-3. Movement in thinking profiling tool comparing a participant’s representations of the forests
and climate change with her generic schema

At the beginning of the knowledge process, shown as point 1 in Figure 5.3, participant
seven’s text-based and diagrammatic description of the forests and climate change problem
conveyed the problem as being complex and with multiple relationships among its elements,
not all of which were related. In addition, participant seven used concrete terms to describe
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the problem. However, as participant seven continued through the process and developed two
generic schemas a difference emerged. His representations from the text-based steps followed
a different trajectory to his representations from the diagrammatic-based steps. Following the
text-based steps participant seven was forced to constrict her/his description to less than
twenty words. This constrained both the number of elements and the relationships between
the elements. As shown in the cube at point x, the resulting problem schema was now more
structured and less complex than the original description of the problem. By way of contrast,
the diagrammatic-based steps had no element or word constraints. Consequently, this
participant developed diagrams that retained many of the elements and multiplicity of
relationships present in his original description of the forests and climate change problem.
The resulting diagrams were relatively more complex and ill-structured than the text-based
outputs at each step. As can be readily seen at point y in Figure 5.5, although the
diagrammatic problem schema was now more structured and less complex than the original
description of the problem, it is more complex and less structured than the text based problem
schema. Finally, in replacing the concrete terms with generic terms an increase in the
abstracted-ness was achieved for both the text-based and diagrammatic-based problem
schema.
It should be stressed that these cube diagrams are used for illustrative purposes. Due to the
lack of definitive and precise measurements in the three axes the diagrams can only convey
relative and descriptive movements in thought. Due to the lack of extant, normative data
more precise scaling of axes is not possible. We are now in a position to review the findings
from across all the study’s participants.

5.2 Orienting to a complex, ill structured problem
This section discusses the findings relating to the instructor-led (phase three) trialling of the
knowledge process-stage one. It begins by briefly recapping the purpose of the steps in stage
one followed by excerpts from a case study that illustrates the typical impact that the
knowledge process stage one had on the novices and to illustrate the movement in their
thinking during the process. The section continues by discussing three emergent dimensions
germane to tracking novices’ movement in thinking. The section concludes by summarising
the impact that the knowledge transfer process had on novices’ orientation to the complex, ill
structured problem of forests and climate change.

5.2.1 The purpose of orientating to a problem
Section one of knowledge process sought to obtain novices’ immediate appreciation of the
forests and climate change problem shown in Figure 4.3 above. It was important to immerse
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the novice in the problem and to capture their immediate perspective and understanding of it
as well as their potential actions to address it. Actions were broadly defined as ways of
addressing particular aspects of the forests and climate change problem. No restrictions were
based on the type or scope of actions. Novices’ initial actions were then used as baseline data
against which their subsequent actions from section three of the knowledge transfer process
could be assessed.

5.2.2 Case study seven illustrating orientation
An exemplar case study, case study seven, will be used to both illustrate the typical impact
that the knowledge process had and to illustrate the movement in the novice’s thinking during
the process. The researcher reproduces participants’ data verbatim with no editing.
This participant identified four factors as being important in underlying the forests and
climate change problem. These were:
1. Replacing forest income and status with alternative streams
2. Reducing/absorbing/removing CO2 in atmosphere
3. Having a compelling reason for govt/bus/people to act
4. Natural resources (water/coal/minerals) need to have an appropriate cost associated
with them
The participant then identified four actions that could help address the forests and climate
change problem. These were:
1. Have key industries and innovators incented on major reductions in emissions (similar
to R&D incentives of 1980s/90s)
2. Building codes progressively increase mandatory energy efficiency ratings.
3. Program for retrofitting based on economic value
4. Develop method for pricing and pay for having carbon sinks in place and properly
managed

5.2.3 Novices’ problem representations during orientation
The knowledge instrument successfully captured sixteen of the seventeen participants’ initial
understandings of the forests and climate change problem and their initial actions to address
the forests and climate change problem. Three points germane to tracking novices’ movement
in thinking through the knowledge transfer process emerged as follows:
•

Participants blended their own knowledge of the forests and climate change problem
with the situational knowledge presented in the forests and climate change scenario;

•

Participants used both concrete and abstract terms to describe the problem; and
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•

Participants often identified underlying relations between elements present within the
forests and climate change problem

Each of these points is now described in more detail.
5.2.3.1 Mixing	
  of	
  concepts	
  	
  
To identify the main elements of the forests and climate change problem most participants
mixed their prior knowledge with the concepts present in the problem description. For
example, to describe the forests and climate change problem, the participant in case study
nine used terms such as: “Deforestation contributes to greenhouse gas emissions” and
“Logging reduces forest area”. The former statement clearly reflects terms used in the forest
and climate change problem, while the latter statement introduces both a concept and terms
alluded to, but not directly found, in the forests and climate change problem description.
Similarly, when it came to describing potential actions to address the problem all participants
mixed their own knowledge with the concepts and terms presented above. For example:
“Address causes for deforestation: a) local – alternative employment to farming; b) global:
increase price on timber/duties; find alternatives to timber” (Case Study 6 hereon referred to
as CS6). This mixing is important because it demonstrates that when required, participants
automatically blend knowledge from different sources.
5.2.3.2

Two	
  levels	
  of	
  abstraction	
  	
  

Participants used two levels of abstraction in defining elements of the forests and climate
change problem and potential actions to address the problem. First, all but one of the
seventeen participants used terms and concepts that indicate a concrete level of thinking
grounded in the domain of forests and climate change such as “Release of CO2 when forests
are cut down” (CS 5).
Secondly, a small number of participants included more abstract concepts to define elements
of the forests and climate change problem. A more abstract conceptualisation includes
concepts that underlie some of the surface concepts used to describe forests and climate
change. For example, the participant in CS9 used the phrase: ‘Trees help us maintain the
balance in our ecosystem”. The concept of ‘balance’ and ’ecosystem’ are concepts that apply
to many knowledge domains not just forests and climate change. Further, each of these
concepts incorporate multiple concrete elements present in the forests and climate change
problem. Similarly one participant used solely abstract concepts to define elements of the
problem “ user demand; user ignorance and profiteering” (CS16).
When it came to proposing actions to address the forests and climate change problem over
half of the participants began to incorporate more abstract concepts into their actions. For
Page 152

example, participant three in addition to proposing concrete actions such as ‘identify
substitutes for wood products” also proposed a generic concept: “more closely monitor supply
and demand” (CS3). Similarly, two participants adopted a generic planning perspective when
asked for actions to address the FCC resulting in abstract actions such as “The problem needs
to be very carefully and precisely defined” (CS17) and “properly assess the broader situation
of the context”(CS9).
The increased level of abstraction in participants’ actions is interesting because no actions
were provided in the text describing the FCC problem. The absence of actions meant that
participants needed to generate their own actions. This finding supports those models that
imply pre-existing generic schemas operate across knowledge domains (Bassok and Holyoak
1989; Holyoak 2005).
5.2.3.3

Relating	
  elements	
  	
  

The majority of participants used phrases that indicated a relationship between elements
present in the problem, most often a causal relationship such as “release of CO2 when forests
are cut down”. Novices identifying relationships between problem elements, referred to as
‘first-order’ relations, is unremarkable (for a recent example see Bearman, Ball & Ormerod
2007). The ability to identify relations between elements lies at the heart of analogical
reasoning (Dunbar 1995; Gentner 1983; Holyoak 2005). Importantly, participants identifying
first and second-order relationships between problem elements is key to them constructing a
holistic representation of an underlying structure to a complex, ill-structured problem.

5.2.4 Summary of findings from the orientation stage
The primary purpose of section one of the knowledge process was to focus the participant’s
attention on the forests and climate change problem. Recording their initial responses permits
comparison with their subsequent problem representations and actions. Sixteen of the
seventeen participants’ initial understandings of the forests and climate change problem and
their initial actions to address the problem were captured. Analysis of participants responses
show that to identify the main elements of the problem, most participants mixed their prior
knowledge of it with the situational knowledge presented in the problem description.
Observing this mixing demonstrates that, when required, participants are able to blend
knowledge from different sources. The ability to blend information is an assumption
underlying the final steps in section three of the knowledge process.
Analysis of the findings showed that different participants used different levels of abstraction,
concrete and abstract, in defining both elements of the problem and their potential actions.
The increased level of abstraction in participants’ actions is interesting because no actions
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were provided in the text describing the FCC problem. The absence of actions meant that
participants needed to generate their own actions. A small number have used more abstract
concepts as a basis for actions that could address forests and climate change.
The majority of participants used phrases that indicated a relationship between individual
elements, most often a casual relationship such as “release of CO2 when forests are cut
down”. This ‘first order’ structuring by novices has also been reported by other studies (e.g.
Holyoak and Thagard 1997).

5.3 Developing an abstraction of a complex, ill structured problem
This section discusses the findings relating to the instructor-led (phase three) trialling of the
knowledge process-stage two. It begins by briefly recapping the purpose of the steps in stage
two followed by excerpts from a case study that illustrates the typical impact that the
knowledge process had on the novices ability to develop and abstraction of a complex, ill
structured problem and to illustrate the movement in their thinking during the process. The
section continues by discussing four emergent dimensions germane to tracking novices’
movement in thinking. The section concludes by summarising the impact that the knowledge
transfer process had on novices’ ability to develop abstractions of the complex, ill structured
problem of forests and climate change.

5.3.1 The purpose of problem structuring and abstraction
Section two of the knowledge process aimed to assist participants to distil an underlying
structure to the forests and climate change problem and then represent that structure in the
form an abstract representation referred to as a generic schema. The generic schema has two
forms a text-based form and a diagrammatic form. The generic schemas were developed by
guiding participants through a sequence requiring them to first write down and then draw the
key elements underlying forests and climate change problem. The sequence continues with
the participant required to write down a summary of the problem in less than thirty words
followed by the participant replacing the nouns in their problem summary with generic terms.
The sequence ends with the participant redrawing a summary of the forests and climate
change problem with the generic terms.
The study sought to utilise research that has highlighted the increased transportability between
domains of ideographic representations of situations (Bassok and Holyoak 1989; Novick
2001). These findings support previous studies highlighting the importance of the abstractedness dimension. Bassok and Holyoak (1989) showed how students used conceptual, abstract
formulae between different knowledge domains. Similarly, Ward has shown that the use of
more abstract principles tends to generate more novel ideas (Ward 1994; Ward et al 2002).
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Using a pre-existing abstraction in the form of an exemplar has been shown to restrict the
distance in analogies generated (Ahmed and Christensen 2009).
This section of the chapter explores the extent to which the knowledge transfer process
answered part of study question two, that is, did the knowledge process assist participants to
identify an underlying structure to an aspect of a complex ill-structured problem? The section
begins by using an exemplar case to illustrate how the knowledge process guided participants
in developing the abstract schema for the forests and climate change problem. This is
followed by a description of how participants derived their abstract schemas. Using
Jonassen’s (2010) three dimensions to problems (structured-ness, abstracted-ness and
complexity) all participants imposed relations between the schema elements, and were able to
describe those relations using abstract terms. Participants differed however, in the degree to
which they reduced the number of factors from their initial description of the forests and
climate change problem to the abstract schema. Four patterns were discerned as follows:
complex to complex descriptions, complex to simple descriptions, simple to simple
descriptions, and simple to complex descriptions. Each of these patterns is detailed below.

5.3.2 Case study seven illustrating structuring and abstraction
This section uses an exemplar case study to illustrate how participants developed an abstract
schema of the forests and climate change problem. Recall that in order to develop a problem
schema for a complex, ill-structured problem such as forests and climate change, the
participant must meet three challenges as follows.
1. To structure the ill-structured problem.
2. To reduce the complexity of the problem
3. To remove the summary problem statement from the forests and climate change
knowledge domain in a form that makes sense to the participant.
Case study seven illustrates how the knowledge process assisted each participant to meet
these three challenges.
5.3.2.1 Imposing	
  a	
  structure	
  on	
  the	
  forests	
  and	
  climate	
  change	
  problem	
  
Recall that two dimensions are key to structuring a problem – bounding the elements used to
describe the problem and identifying the relationships between the elements in the problem
(Jonassen 2000). This participant’s data indicates that s/he adopted a ‘business’ perspective
that then placed boundaries around his/her conception of the forests and climate change
problem as follows.
1. “Locals want work
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2. The forestry industry drives profit and creates work
3. Indonesia wants trade
4. Wildlife and habitat
5. Financiers need to create revenue/profits for shareholders (& growth)
6. Consumers want differentiated timbers (qualities of old growth forests)
7. Black marketeers fill void of supply and demand when regulation stops others”(CS7)
In adopting a business-oriented perspective to structuring the forests and climate change
problem this participant omitted aspects of the problem commonly noted by other
participants. In particular, unlike most other participants, participant seven’s structuring of
the problem does not include elements reflecting the scientific aspect of forests and climate
change involving CO2 emissions and its causes - deforestation and transportation. This
omission highlights the notion that what an individual conceives is in part due to what they
perceive. In capturing and bounding what this participant has perceived at the start of the
knowledge process the researcher was able to trace the participant’s subsequent conceptual
deliberations. These included his generic schemas, his linking to other knowledge domains
and finally his development of actions to address the forests and climate change problem.
In terms of discerning a structure underlying the problem this participant sketched out the
relationships between the problem elements as shown in Figure 5.2 below. Note that with
less text in the diagrammatic representation the focus shifts to the relationships between the
elements.

World
WTO

wildlife
Indonesia

forest habitat

consumers

forest industry

$
local workers

financiers

Black Market

Figure 5-4. Case Study seven’s summary of the forests and climate change problem.
5.3.2.2 Reducing	
  the	
  complexity	
  of	
  the	
  forests	
  and	
  climate	
  change	
  problem	
  
The second challenge facing each participant was to reduce the complexity of the forests and
climate change problem. Despite having constrained his definition of the problem to a
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business perspective, participant seven’s conception of the problem still includes over twenty
concepts and agents that the participant only sightly reduced in figure 5.4 above. To develop
a problem schema that can be used to prime associations with problems from other domains
the participant was asked to restrict their definition to less than thirty words. The participant
summarised the problem as follows:
The cycle of forest destruction needs replacing to prevent regulated and non-regulated
removal of old growth forests. [CS7]
This problem definition has reduced the number of factors to two chunks of concepts: “cycle
of forest destruction” and “regulated and non-regulated removal of old growth forests”
linked together by two verbs ‘replacing’ and ‘prevent’. Thus, the participant’s text-based
problem summary has restricted the boundaries of the forests and climate change problem by
reducing the number of elements and hence also reduced the number of relationships.
5.3.2.3 Increasing	
  the	
  abstracted-‐ness	
  of	
  the	
  forests	
  and	
  climate	
  change	
  problem	
  
The third challenge facing the participant was to remove the forests and climate change
problem from its context. As noted above most participants initially described the forests and
climate change problem using mostly concrete, local terms that were clearly linked to forests
and climate change. The final step in section two of the knowledge process assisted
participants to modify their text and diagrammatic based problem schema to yield genericised
‘abstract’ problem schemas.
At the outset of section two, case study seven’s participant describes the problem using both
local terms tightly bounded to the problem domain as well as terms and concepts of a more
abstract nature. For example, the participant uses forests and climate change domain terms in
a phrase such as “The forestry industry drives profit and creates work”. The phrase ‘forestry
industry’ grounds the problem in the forests and climate change domain, but in conjunction
with the slightly more abstract and less localised concepts “profit and creates work”
illuminates a particular aspect of forests and climate change. Note that without the local
forests and climate change domain term ‘forestry’, the phrase ‘industry drives profit’ and
creates work’ could be applicable to domains other than forests and climate change.
In subsequent steps the participant also used forests and climate change business -domain
specific terms in their problem summary as follows:
The cycle of forest destruction needs replacing to prevent regulated and non-regulated
removal of old growth forests. [CS7]
Case study seven’s generic problem schema was as follows:
The object A of object B needs replacing to prevent regulated and non-regulated object C
of object D
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This participant’s diagram of the generic problem schema is shown in Figure 5.5.

Agent B
Object B
Agent A

Object A

Agent C

Agent D
Agent E

Agent F

Agent G

Figure 5-5. Case study seven’s generic schema representing the underlying structure of the forests and
climate change problem

It is important to note that this diagram appears quite complex and somewhat ill-structured.
Four of the sixteen participants developed relatively complex, ill-structured diagrammatic
generic schemas of this nature. Replacing concrete terms with generic terms certainly makes
the diagram more abstract however the generic schema in this diagrammatic form appears
more complex and ill-structured than the text-based generic schema. A simple count of
elements and relationships confirms this assertion.

5.3.3 Developing generic schemas
This section describes novices’ ability to develop a less complex and more structured
definition of the forests and climate change problem. The dimensions of complexity and
structured-ness are discussed together, as a reduction in complexity among elements within a
problem often leads to an increase in the structured-ness of the problem. Participants differed
in the degree to which they reduced the number of elements from their initial description of
the forests and climate change problem to their generic schemas. Four patterns were
discerned among participants’ development of generic schemas. These four patterns of
development were as follows: complex to complex descriptions, complex to simple
descriptions, simple to simple descriptions, and simple to complex descriptions. Each of these
patterns will now be described using exemplar case studies.
5.3.3.1 Complex	
  to	
  complex	
  movement	
  in	
  thinking.	
  	
  
Participants’ movement in thinking in this group is summarised as follows. The participant
began with a large number of elements with multiple relationships grounded in the forests and
climate change domain. During the knowledge process the number of elements and
relationships did not decrease until the final step instructing the participant to genericise their
description of the forests and climate change problem. Similarly a concise structuring of the
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problem emerged with a reduction in complexity. The reduction in complexity then revealed
the particular focus that the participant adopted. Five participants followed this pattern of
thinking. Case Study eight exemplifies this pattern of thinking as follows.
1. Initially this participant noted ten or more elements (bolded) in response to the forests and
climate change problem and the elements were grounded in the forests and climate change
domain. Given the large number of elements an overriding structure was not discernable.
Participant eight’s description was as follows:
1. Seeking income
2. Seeking ‘rents’
3. Extracting trees
4. Setting policies
5. Changing incentives, policies & practices
6. Undermining policies & circumventing rules
7. Decay at natural rates
8. Declining rainfall
9. Rising temperatures
10. Defining regulations [CS8]
2. Participants’ initial diagram of the problem contained more than eight elements and the
elements were grounded in the problem. A structure for the problem is beginning to emerge
with chunks of elements grouping together as shown in Figure 5.6.
Incentives

Businesses

Governments

NGOs
Incomes

rules

Taxes

Local communities

International
Associations

Individuals
Policy

Natural rates
of decay
Rainfall
Climate
Temperature
Practices

Circumventing

Regulations
Figure 5-6. Case study eight’s diagrammatic representation of the underlying structure of the forests
and climate change problem.
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3. The participant’s final diagram representing the problem contained eight or more elements
as shown in figure 5.7 below. While the participant has reduced the overall number of
elements their representation of the problem remains complex with multiple elements and
relationships.

Incentives

Y

X

Z

rules

Incomes

A

NGOs

Taxes
International
Associations
Policy

Natural rates
of decay
Rainfall
Climate
Practices

Temperatures
Circumventing

Regulations

Figure 5-7. Case study eight’s generic diagrammatic representation of the underlying structure of the
forests and climate change problem.

4.The participant’s text-based problem description contained more than five elements
although the relationships among the elements has been confined to three as follows:
How governments, business, communities and individuals can adjust forestry practices
and policies to change climates. [CS8]
5. In the final generic statement the participant has grouped elements together, for example
the three elements: agents X, Y and Z, have been grouped together. Similarly, ‘practices and
policies’ have been grouped to yield a concise statement that essentially has three elements
and two relationships as follows:
How agents X, Y and Z can adjust object 1 practices and policies to changing outcome
[CS8]
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5.3.3.2 Complex	
  to	
  simple	
  movement	
  in	
  thinking	
  	
  
Participants’ movement in thinking in this group is characterised as follows. The participant
began with a large number of elements with multiple relationships grounded in the forests and
climate change domain. During the knowledge process the number of elements and
relationships decreased. The decrease in complexity and increase in structure occurred in
both the diagram and text–based representations of the problem. Terms used to describe the
elements in the forests and climate change problem remained grounded in the domain until
the final replacement step in which the nouns in the description are replaced with generic
terms. Seven participants followed this pattern of thinking. Case Study nine exemplifies this
pattern of thinking as follows.
1. Initially participants noted ten or more elements (bolded) in response to the forests and
climate and the elements were grounded in the FCC domain as follows:
1.
2.
3.
4.
5.

Logging reduces forest area
Logging is a trade that provides families with income
Deforestation contributes to greenhouse gas emissions
Trees help us maintain the balance in our ecosystem
Deforestation should be addressed as a potentially major aspect of climate
change initiatives [CS9]

2. Participants’ initial diagram of the forests and climate change problem contained more than
eight elements and the elements were grounded in the problem as shown in Figure 5.8
!
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Govt!
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!

!
Supply!&!
Demand!/!
Trade!

!
!

!
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Figure 5-8. Case study nine’s diagrammatic representation of the underlying structure of the forests and
climate change problem.

3. The participant’s final diagram representing the problem contained five or less elements as
shown in figure 5.9.
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Cause A

Action A
Agent X

Outcome 2

Outcome 1

Figure 5-9. Case study nine’s generic representation of the underlying structure of the forests and
climate change problem.

4. The participant’s text-based problem description contained five or less elements (in bold),
with five or less relationships among the elements still grounded in the forests and climate
change domain as follows:
To sustainably reduce greenhouse gas emissions from deforestation, we should identify
its causes and any actions that can be undertaken. [CS9]
5. Similarly the participant’s final genericised problem schema contained five or less elements
as follows:
To sustainably reduce outcome1 caused by outcome2, agent X should identify cause A
and action A. [CS9]
5.3.3.3 Simple	
  to	
  simple	
  movement	
  in	
  thinking	
  
Participants’ movements in thinking in this group is characterised as follows. The participant
began with a small number of elements with few, but well structured, relationships grounded
in the forests and climate change domain. During the knowledge process the number of
elements and relationships in the participants’ descriptions remained constant. That is, the
complexity and structured-ness remained constant across the problem definition and
abstraction steps in the knowledge transfer process. Terms used to describe the elements in
the problem remained grounded in the forests and climate change domain until the final
replacement step in which the nouns in the description were replaced with generic terms.
Three participants followed this pattern of thinking. Participant thirteen exemplifies this
pattern as follows.
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1. Initially participants noted five or fewer elements (bolded) in response to the problem and
the elements were grounded in the forests and climate change domain as follows:
1. Forests absorb carbon dioxide
2. Deforestation releases CO2
3. Developing countries have high emission rates (not necessarily true [CS13]
2. Participants’ initial diagram of the problem contained less than eight elements and the
elements were grounded in the problem as shown in Figure 5.10.

Figure 5-10. Case study thirteen’s diagrammatic representation of the underlying structure of the
forests and climate change problem.

3. The participant’s final diagram representing the genericised problem contained five or less
elements as shown in figure 5.11.
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Figure 5-11. Case study thirteen’s generic representation of the underlying structure of the forests and
climate change problem.

4. The participant’s text-based problem description contained five or fewer elements, with
five or fewer relationships among the elements still grounded in the forests and climate
change domain as follows:
Forests absorb CO2 therefore we should grow forests
Deforestation releases CO2 therefore we should stop chopping down forests.
[CS13]
5.3.3.4 Simple	
  to	
  complex	
  movement	
  in	
  thinking	
  
A single participant began with a small number of elements with few, but well structured,
relationships grounded in the forests and climate change domain. During the knowledge
process the number of elements and relationships in the participants’ descriptions increased.
That is, the complexity and structured-ness increased across the problem definition and
abstraction steps in the knowledge transfer process. Terms used to describe the elements in
the problem remained grounded in the forests and climate change domain until the final
replacement step in which the nouns in the description were replaced with generic terms.
Participant sixteen’s pattern of thinking follows.
This participant adopted an abstract summarisation of the problem from the beginning of the
knowledge process using terms that were non-local and conceptual in nature. The participant
then developed less abstract but more complex and structured descriptions of the forests and
climate change problem as s/he progressed through the knowledge process. In contrast to all
other participants, case study sixteen’s participant began with elements not grounded in the
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forests and climate change domain. S/he used abstract terms that could apply to knowledge
domains other than the forests and climate change domain as follows.
1. User demand
2. User ignorance
3. Profiteering [CS16}
The participant then provided a more concrete description of the program in their diagram
using terms that were clearly rooted in the forests and climate change domain as shown in
Figure 5.12.

Figure 5-12. Case study sixteen’s initial representation of the underlying structure of the forests and
climate change problem.

In the subsequent knowledge process steps this participant returned to a more abstract and
generic description of the problem as shown in her initial problem statement as follows:
Its all about supply and demand, and the inability to see into the future and realise it can
be done better and with only a limited extra cost. [CS16]
The participant’s final problem statement with its substituted terms in a sense was a more
concrete description of the forests and climate change problem as agents were reintroduced
into the statement as follows:
Its all about Agent A clearing Object S because Agent B wants Object Bs made using
object A and Agent B does not mind the cost (now and/or in the future) [CS16]
The participant’s final diagram reflected a more complex and structured abstract schema than
their initial representation of the problem as shown in Figure 5.13.
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Figure 5-13. Case study sixteen’s generic schema representing the underlying structure of the forests
and climate change problem.

5.3.4 Increasing the abstracted-ness of the generic schema
As noted above most participants’ representations of the forests and climate change problem
and possible actions to address the problem were ground firmly in its domain. Similarly, all
participants, except case study sixteen’s participant, despite imposing a structure on the
problem and reducing its complexity, produced initial schemas that remained ground in the
forests and climate change domain. Nevertheless, all participants were able to abstract their
schemas from the forests and climate change domain by simply substituting abstract terms for
concrete terms as illustrated in Figure 5.10 and 5.11 above.

5.3.5 Summary of findings from the structuring and abstraction stage
All sixteen participants developed both text-based and diagrammatic generic schemas. No
two participants developed the same generic schema however there was commonality in the
movement of thinking using Jonassen’s (2010) three dimensions to problems structured-ness,
abstracted-ness and complexity. All participants were able to define the relations between
their schema elements, and were able to abstract the schema from the concrete forests and
climate change domain by substituting abstract terms for concrete terms to describe the
schema elements.
However, participants differed in the degree to which they reduced the number of elements
from their initial description of the forests and climate change problem to their generic
schemas. Four patterns were discerned as shown in figure 5. 14 below. The first pattern was
‘complex to complex’ where the participants used more than five elements to describe both
the initial and abstract representation of the forests and climate change problem. The second
pattern was ‘complex to simple’ where the participants initially used more than five elements
to represent the problem but then used less than five elements for their abstract
representations of the problem. The third pattern was ‘simple to simple’, where the
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participants used five or fewer elements to describe both the initial and generic representation
of the problem. The fourth and final pattern was ‘simple to complex’ where a single
participant used only three elements to initially describe the problem but then developed a
generic schema using more than five elements.
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Figure 5-14. Four patterns of thought displayed among participants during their development of generic
schemas representing the forests and climate change problem.

5.4 Systematically linking to extra-domain source situations
This section of the chapter explores the extent to which the knowledge transfer process
assisted participants to systematically link to extra-domain source situations. The section
begins by using an exemplar case to illustrate how the knowledge process guided participants
to evoke distant source situations through the use of their idiosyncratic generic schema. The
section then discusses the influence that the knowledge process had on participants linking to
source situations and the extent to which it can be shown that the LINK instrument directed
the evocation process. Five types of linkages can be discerned and these are described using
exemplar cases. The description concludes by illustrating participants’ movement in thinking
using the cube diagrams introduced in section 5.2.2 above.
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5.4.1 Case study three illustrating the systematic linking to distant source
situations
In response to her problem summary statement “In the past having an abundance of object A
that has caused an excess use of them and has caused today’s consumption patterns” the
participant volunteered three terms as follows:
1. Oil
2. Money
3. Time
The participant chose to focus on ‘time’ that in turn evoked three problem situations as
follows:
1. joining a gym
2. developing new social contacts
3. reading/movies
The participant selected ‘developing new social contacts’ as the evoked problem. The
participant identified two factors as being important in this evoked problem. These were:
1. Wasting time
2. Wanting to achieve more
The source situation and the forests and climate change problem have an overlapping problem
profile as shown in in Figure 5.15 below. The participant’s source situation is more wellstructured and less complex than the forests and climate change problem.
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Developing	
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Complexity	
  

Abstract	
  schema	
  

Figure 5-15. The participant’s source situation typology compared with the forests and climate change
typology.

When asked to reflect on what actions were successful in the evoked source situation the
participant identified:
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1. More parties to go to
2. Get more connected
3. More motivated to commit and to follow things through
4. Get you out of your comfort zone
5. Becoming more responsible in your community
When asked to reflect on the successful actions and new possible actions to help address the
forests and climate change problem the participant responded as follows;
1. Address the forests and climate change problem sooner rather than later
2. Get motivated people to act to deal with the problem
3. Raise awareness [about forests and climate change] in a fun way
4. Make people realise that they are accountable
5. Give the right type of incentive to businesses
6. Politicians need to get out of their comfort zone

5.4.2 Characteristics of novices’ source situations
Three findings are germane to the accessing and retrieval of knowledge from domains outside
of forests and climate change. These are as follows.
1. Participants’ source situations were from multiple knowledge domains
2. Most source situations were from knowledge domains distant to the forests and
climate change domain
3. Most, but not all, participants linked to simple, well structured source situations
Each of these results is now explored in more detail.
5.4.2.1

Multiple	
  source	
  situations.	
  

All sixteen participants used their generic problem schemas to link to at least one source
situation from a knowledge domain other than forests and climate change. Most participants
evoked more than one source situation and in total the sixteen participants evoked 54 source
situations. These are listed in Table 5.2 with the source situation that the participant chose to
continue with in bold.
Case
Two

Evoked Source Situation
1. Mathematical problem
2. Economic policy action

Three

1.
2.
3.
4.
5.
6.
1.

Four

Oil
Money
Time:
Joining a gym
Developing new social contacts
Reading/movies
Balancing act between keeping customer happy and well-informed and
keeping my employer’s best interests
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Five
Six

Seven

Eight

Nine

Ten

Eleven

Twelve

Thirteen

Fourteen

Fifteen

Sixteen

1.
2.
3.
1.

Unintended consequences
A lot of small outcomes come together to produce a bad outcome
Government insulation scheme
The tragedy of the commons:
a. Public vs private
b. Local/global
c. Downstream effect
d. Collateral damage
2. A chemical equation
a. Equilibrium
b. Balance
c. Exchange
1. Inter-connectedness of social history
2. Why people are the way they are:
3. Defence Officer had difficulty making key decisions and felt he was
often overridden by his superiors
1. Complex connected focussed on key agents and interventions,
2. Natural economy & regulation
a. Messy
b. Dependent
c. All the time
1. A burst water pipe,
2. Inter-personal conflict,
3. Transportation problem on the way to the airport,
4. New work task,
5. Even a lost child’s toy…
1. Desire to have a performance management system
2. Desire to be in the high country -> interest in fly-fishing->,completing a
course->enjoyment
1. Algebra
2. Early computer programming
3. If when statements for children ie if you do, this, then
4. Planning for projects – like kitchen reno or big work projects
1. Failed mathematics – school- PTSD
2. University Course – Tutorials and skipping tuts
3. Negotiate negotiate = work
4. Solutions – hard to find – [girls name] lost in the woods
1. The impact of outside pressures on other people.
2. When one person is happy and thriving in a certain situation another
person may be dying inside
3. How some people get joy or satisfaction from seeing other people fail or
cut down tall poppy syndrome
1. Studying science at school.
2. Atmospheric diagrams and cycles
3. Helping my daughter with her psychology
4. Studying natural resource management at Uni
5. My children’s painting and homework
1. Priorities.
2. Tradeoffs
3. Outcome
4. Purchasing a house,
5. Value
6. Options
1. Capitalism profiteering
2. Greed, poverty
3. Ignorance ad bliss
4. Killing all the beetles with cane toads then back burning
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Seventeen

5.
1.
2.
3.

Consumerism
Building a house and the rubbish surplus it produces
Unintended consequences in work I do
Project Planning

Table 5-2. Listing of all participants’ evoked source situations.
5.4.2.2

Distant	
  source	
  situations	
  	
  

Half of the novices’ source situations were drawn from participants’ personal and work
contexts as listed in Table 5.3. This result, in hindsight, is perhaps unsurprising for a very
simple reason. As all the participants were novices in the forests and climate change domain,
and having established a generic structure to the forests and climate change problem, linking
to a different and distant knowledge domain is the most likely direction. Additionally,
participants were directed to select from their source situations the situation with which they
were most personally familiar. Again, this instruction inevitably directs participants towards
home or work-related matters that are by definition removed from the forests and climate
change domain. This point was also made by Clement (1988).
Home /Personal
contexts

Work contexts

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
1.
2.
3.
4.
5.
6.
7.
8.

Joining a gym
Developing new social contacts
Reading/movies
a burst water pipe,
inter-personal conflict,
transportation problem on the way to the airport,
even a lost child’s toy
Desire to be in the high country -> interest in fly-fishing>,completing a course->enjoyment
If when statements for children ie if you do, this, then
Failed mathematics – school- PTSD
University Course – Tutorials and skipping tuts
Solutions – hard to find – [girls name] lost in the woods
Helping my daughter with her psychology
Studying natural resource management at Uni
My children’s painting and homework
Studying science at school.
Purchasing a house
Building a house and the rubbish surplus it produces
Unintended consequences in work I do
Balancing act between keeping customer happy and well-informed
and keeping my employer’s best interests
Defence Officer had difficulty making key decisions and felt he
was often overridden by his superiors
New work task,
Desire to have a performance management system
Planning for projects – like kitchen reno or big work projects
Negotiate, negotiate = work
Unintended consequences in work I do
Project Planning

Table 5-3. Summary categorisation of participants’ evoked source situations
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Of the 54 source situations identified only nine were from domains superficially related to
forests and climate change. This indicates that the abstraction process resulting in the generic
schemas, assisted participants to remove the forests and climate change problem structure
from its knowledge domain. Of the sixteen source situations selected by the participants in
section three of the knowledge instrument, thirteen were from knowledge domains distant to
forests and climate change. The three domains close to, but not within, the forests and climate
change domain were – ‘economic policy action’, ‘complex focussed on key actions and
interventions’, and ‘consumerism’. These three source situations have been classified as close
because they can be superficially linked to elements present with the forests and climate
change problem.
Interestingly, these three source domains incorporated the use of abstract concepts that served
to link the generic structure to their source situations. Participants describe the source
situations using terms and concepts that could apply to more than one knowledge domain.
For example, ‘economic policy action’ could relate to the mining domain as equally as it
could apply to the forests and climate change domain. Similarly, ‘consumerism’ could relate
to retail situations in the USA as equally as situations involving selling soft drinks to people
in the highlands of PNG. The use of abstract concepts as a linking mechanism will be
explored in the final section of the current chapter.
5.4.2.3 Less	
  complex	
  and	
  more	
  structured	
  source	
  situations	
  	
  
The complexity of the participant’s generic schema did not appear to determine the
complexity of the source situation that they evoked. Five of the six participants who used
more complex schemas linked to simpler source situations than the forests and climate change
problem. Seven of the ten participants who used simple schemas also linked to simpler
source situations than the forests and climate change problem.
Source situations ranged along the abstracted-ness continuum from the abstract ‘consumerism
’ of participant sixteen to the more concrete “purchasing a house’ of case study fifteen.
Eleven participants evoked at least one abstract source situation. Of these eleven only three
participants evoked solely abstract source situations, for example case study eight participant:
•
•

Complex connected focussed on key agents and interventions,
Natural economy & regulation
o Messy
o Dependent
o All the time [CS8]

Most participants linked to source situations that were more structured than the forests and
climate change problem. Only four participants evoked ill structured source situations of a
similar nature to the forests and climate change problem
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5.4.3 Novices systematically linked to source situations in five ways.
Recall that guiding participants to distil a generic schema served to more purposively direct
the participant’s linking to a source situation. Second requiring the participant to record the
schema both continued to focus participants’ attention on the schema and enabled the
researcher to trace the link between the schema and the evoked source situation. If the
linkage between participants’ generic schemas and their source situations can be directed and
traced then this reduces the element of ambiguity present in spontaneous analogising reported
in the literature.
Comparing the elements, relations and concepts present within a schema with the elements,
relations and concepts present within their evoked source situations provides the linking
evidence.
Of the sixteen participants the researcher was able to trace the linkages between generic
schemas and source situations in the data from fourteen participants. Five types of linkages
can be traced between participants’ generic schemas and their evoked source situations:
1. Abstract to concrete full structural substitution;
2. Abstract to concrete partial structural substitution;
3. Abstract to concrete conceptual substitution;
4.

Abstract to abstract categorisation; and

5. Abstract to abstract conceptual substitution
Each of these types of linkages is now discussed further.
5.4.3.1 Abstract	
  to	
  concrete	
  full	
  structural	
  substitution	
  
One of the sixteen participants was deemed as showing a clear linkage between their abstract
generic schema and their concrete source situation. Case study ten’s abstract schemas and
source situations were as follows:
The desire for X leads to Y which leads to Z which leads to the
outcome.

Desire
for X

Y

Z

Outcome

1.

Desire to have a performance
management system

2.

Desire to be in the high country ->
interest in fly-fishing->,completing
a course->enjoyment

In this example, the traceability between the schemas and the source situations is evidenced
by the relations between the elements in both schemas, three elements ‘X’, ‘Y’ and ‘Z’ leading
to an ‘outcome’ and the selected source situation: three elements leading to the outcome of
‘enjoyment’. In addition, traceability is evidenced by the presence in both schemas and the
source situations of the term ‘desire’. The generic schemas clearly operate at an abstract level
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whereas both evoked source situations operate at a more concrete level. Figure 5.16 depicts
participant ten’s movement in thought.
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Figure 5-16 Case study ten’s movement in thought from their generic schema to their evoked source
situation that of fly fishing.

Figure 5.16 shows that the participant started at 2 with an abstract schema that is simple,
abstract and well structured. The participant then was able to link to a ‘local’, more complex
and less well structured situation of fly fishing. Linking to a concrete level is desirable as this
level is rich in detailed knowledge (Boisot 1988). Further, the assumption is that participants
have a deeper and broader level of knowledge of their source situations (Blanchette and
Dunbar 2000). This more familiar domain provides the novice with a source of knowledge
that they can apply to the less familiar target domain (see for example Inagaki and Hatano
(1987) for the use of analogy by children when faced with unfamiliar situations). In turn,
novices applying knowledge from this extra-domain source to the target problem often yields
useful insights into the target problem.
5.4.3.2

Abstract	
  to	
  concrete	
  partial	
  structural	
  substitution	
  

The second type of traceable linkage referred to as ‘abstract to concrete partial substitution’
was found with eight participants. In this linkage the generic schemas evoke concrete source
instances.

That is, the selected source situation is a concrete instance of the schemas.

Traceability is shown by a strong but not precise correlation between elements and relations
in the generic schemas with the elements and relations in the evoked source situations. Case
study four is an example as follows.
Schemas

Source Situation

Bad outcome is caused in part by agent X emitting bad stuff with
object A and removing object B

Balancing act between keeping
customer happy and well-informed
and keeping my employer’s best
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interests
bad outcome
object
A

Agent
x

object
B

In this example, the relationships between the elements in the abstract generic schemas can be
seen in the source situations by substituting the participant for Agent X in the diagrammatic
generic schema and substituting object A for the employer and object B for the customer.
Whilst the substitution of elements and relations is not precisely one to one, it can be argued
that there was enough similarity in the structure to trigger the evocation of the source
situation. Indeed participant four drew a diagram to illustrate her evoked source situation as
shown in Figure 5.17.

Working at Agency

Personal
development

Customer

: )

Agency

: (

Me

Figure 5-17. Case study four’s diagram showing her/his evoked source situation.
The abstract generic schemas clearly operate at an abstract level whereas the evoked source
situations operate at a more concrete level. Case study four’s movement in thought can be
depicted in Figure 5.18 as follows.

Page 175

2

Co
pl
m
ex

Abstract-‐ness

Abstract

ity
lex
mp
Co

3

st I
ru ll-‐
ct
ur
ed

Struc
tured
-‐ness

Figure 5-18 Case study four’s movement in thought from her generic schema to her evoked source
situation that was ‘balancing a work situation’.

Figure 5.18 shows that the participant started at 2 with an abstract generic schema that is
simple, abstract and well structured. The participant then was able to link to a ‘concrete’,
more complex and less well structured situation that was juggling the competing needs of his
employer with that of his customers.
5.4.3.3 Abstract	
  to	
  concrete	
  conceptual	
  substitution	
  
The third type of traceable linkage referred to as ‘abstract to concrete conceptual substitution’
was found with one participant. In this type the traceability is a partial one to one mapping of
concepts where the participant appears to have used the abstract generic schemas and its
concepts to evoke concrete source situations. The participant has selected a particular source
situation that shares underlying concepts with the generic schemas without sharing the
structure between the elements. Case study twelve’s mapping was as follows20:
Schemas

Source Situation

Global X needs global Y. A need to work with B to address
C and D. Need to agree on the E and examine F that offers
G.

1.

Failed mathematics – school- PTSD

2.

University Course – Tutorials and
skipping tuts

X ->

3.

Negotiate negotiate = work

A + B = C+D

4.

Solutions – hard to find – [girls
name] lost in the woods

Y=G

In this example, case study twelve’s participant has evoked source situations that are more
concrete than the generic schemas. The participant has evoked an interesting selection of

20

These are verbatim transcripts of participants’ material.
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source situations including a form of a type three categorisation in his/her first situation
concerning ‘ failed mathematics’ as a literal evocation of the diagrammatic abstract schema.
However, the participant selected ‘negotiate negotiate = work’ to use for the remaining
LINK steps. Focussing on this evoked source situation one can trace in the text-based generic
schema concepts such as ‘work with B to address C & D’ and ‘need to agree on the E’ as
examples of ‘negotiate’ used in the evoked source situation concerned with her/ his work.
This linkage could also be described as a variation of the abstract to local structural
substitution noted in 1 and two above. However there is not the precise repeating of the
structure between elements as in case study ten above.
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Figure 5-19. Case study twelve’s movement in thought from their generic schema to their evoked source
situation that was ‘negotiating at work’.

Figure 5.19 shows that the participant started at 2 with a generic schema that is relatively
complex (in relation to other participants’ schemas), abstract and well structured. The
participant then evoked a situation that can be classed as concrete, similarly complex and less
well-structured situation, shown above as ‘A’. The participant then evoked a similar situation
shown as “B’. The participant then evoked a situation that is grounded in a work context but
involves a relatively abstract concept that of ‘negotiating at work’ shown as ‘3’.
5.4.3.4 Abstract	
  to	
  abstract	
  categorisation	
  
The fourth type of traceable linkage referred to as ‘abstract categorisation’ was found with
four participants. In this type the traceability is not a literal one to one mapping, but is
evidenced by a higher-order abstract categorisation in the evoked source situations. The
participants appear to have used the generic schemas to evoke a categorisation to which the
generic schemas belong. Traceability was determined by evidence that the generic schemas
Page 177

belong to the category represented by the source situation. Case study seventeen is an
example as follows.
Schemas

Source Situation

Agents have object A and object B which consume object C and
object D. These lead to object E. We need to find a way to
reduce or eliminate object E.

1.

Building a house and the rubbish
surplus it produces

2.

Unintended consequences in work I
do

3.

Project Planning

In this example, the participant has selected ‘project planning’ as his/her source situation.
The elements and the relations between the elements within the generic schemas are not
replicated in the participant’s selected source situation that was ‘project planning’. Instead,
the participant has evoked a category within which the generic schemas belong. There is an
important caveat however, to this particular participant in that her selected source situation
should be seen as relating to his/her two prior evoked source situations. The participant’s first
two source situations could be seen as a type two linkage described above. For example, the
participant has injected the concept of “unintended consequences” into the first two source
situations. One could derive this concept from the diagrammatic generic schema by
substituting ‘unintended consequence’ for object E and ‘building a house’ for object C and
‘rubbish surplus’ for object D. If this caveat is accepted then one could also argue that both
the generic schemas and the first two evoked source situations led the participant to arrive at
his/her selected source situation that of ‘project planning’. This echoes Dunbar’s (1997)
notion of intermediate analogies.
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Case study seventeen participant’s movement in thought can be depicted as follows:
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Figure 5-20. Case study seventeen participant’s movement in thought from their generic schema to their
evoked source situation that was project planning.

Figure 5.20 shows that the participant started at 2 with a generic schema that is relatively
simple, abstract and well structured. The participant then evoked a concrete, complex and less
well-structured situation of ‘building a house’ shown as A. This was followed by the
participant evoking an ill-structured, complex and somewhat abstract situation of ‘unintended
consequences at work’ shown as B before settling on the more structured, complex and
abstract situation that was ‘project planning’ shown as ‘3’.
5.4.3.5 Abstract	
  to	
  abstract	
  conceptual	
  substitution	
  
The fifth type of traceable linkage referred to as ‘abstract to abstract conceptual substitution’
was found with one participant. In this type the traceability is a partial one-to-one mapping of
concepts where the participant appears to have used the abstract generic schemas to evoke an
abstract source situation. Case study eight was as follows.
Schemas

Source Situation

How agents X, Y and Z can adjust object 1 practices and
policies to changing outcome 1.

1.

Complex connected focussed on
key agents and interventions,

2.

Natural economy & regulation
d.

Messy

e.

Dependent

f.

All the time

In this example, the participant has selected an arguably more abstract source situation. The
elements in the generic schema: ‘agents X, Y and Z’ are represented in the source situation by
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the phrase ‘key agents’. Similarly the phrase ‘object 1 practices and policies to changing
outcome 1’ can be traced to a single term in the evoked situation ‘intervention.’ Thus, the
generic schema impact can be traced to the evoked situation.
Interestingly, when both of this participant’s source situations are taken into account one can
trace the participant’s thinking along the abstract-local continuum. This participant appears to
have used both the abstract schema and the first source situation to evoke a second, more
concrete situation that of ‘natural economy and regulation.’ Thus, case study eight’s
participant has demonstrated the ability to link together abstract and concrete source
situations, as did the participants in the three types above. The difference is that case study
eight first linked to a more abstract situation before evoking a more concrete source situation.
Case study eight participant’s movement in thought can be depicted as shown in Figure 5.21.
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Figure 5-21 Case study eight’s movement in thought from their generic schema to their evoked source
situation.

Figure 5.21 shows that the participant started at 2 with a generic schema that is relatively
complex, abstract and well structured. The participant then evoked a situation that was
complex, abstract, and less well-structured: a ‘complex connected’ situation shown as ‘3’.
The participant then evoked a more complex, concrete, and ill-structured situation that of
‘natural economy’ depicted as ‘A’. The participant chose the abstract ‘complex connected’
situation to continue with the remaining steps in the knowledge process, hence it has the
designation ‘3’.
5.4.3.6 Unclear	
  traceability	
  
One of the participants’ source situations could not be traced to their generic schema. The link
between case study fifteen’s generic schemas and her source situations was less clear.
Clearly, an evocation has taken place but the extent to which the abstract schema’s structural
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elements or conceptual elements drove the evocation is not readily apparent in the data. Case
study fifteen participant’s schemas and source situations were as follows.
Schemas
Developing Object A short of object N are contributing to
dangerous outcome by allowing object C which releases
Object D at a similar rate to the object E to drive object f.

Source Situation
1.

Priorities.

2.

Tradeoffs

3.

Outcome

4.

Purchasing a house,

5.

Value

6.

options

This participant has used the generic schemas to evoke concepts that describe aspects of his
generic schemas. None of the concepts are explicitly listed in the generic schemas. Further,
the generic schemas have elements that do no resonate with that of purchasing a house such as
the car element in the diagrammatic schema and phrases in the text-based schema such as
‘contributing to dangerous outcome’ and ‘ allowing object C which releases object D at a
similar rate”. One could surmise that the participant has used the evoked concepts to arrive
at his/her selected source situation. That is to say whilst it is not readily apparent that either
generic schema has directly evoked the source situation of purchasing a house, the evoked
concepts such as ‘priorities, tradeoffs, value’ are concepts that could apply to purchasing a
home.
5.4.3.7 Concepts	
  as	
  structural	
  relations	
  	
  
Study participants used concepts to encompass structural relations between elements of a
problem as well as using concepts as an element within a problem. For example, findings
from Chapters Four and Five show that some participants used a single concept in both ways
depending on the frame in which the concept was being used. There appears to be a difference
between the use of a term to describe a perceptual entity such as a ‘tax regulation’ and the use
of a term to describe a conceptual entity such as ‘regulation’. Perceptual entities such as a ‘tax
regulation’ are tightly bound to particular domains and frames i.e., the perceptual entity is
local and concrete. From a neural theory of language perspective, words (in aggregate
referred to as linguistic knowledge) used to describe objects are tied closely to particular
frames (Feldman 2008 p.144). A term like tree is used to specify a specific perceptual entity
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that is composed of branches, leaves and roots (situational knowledge). Conversely, concepts
are more versatile because they operate at a more abstract level. Consider case study two
participant’s use of the term ‘regulation’. In her/his source situation s/he identified
“Regulation -> modify the economics of some economic agents” as an action that was taken.
This statement can be classified as taking place in an economic domain but no further level of
specificity is possible. The concept is unbounded within the economics domain – it could
relate to any number of economic regulatory environments – alcohol regulation, mining tax
regulation, education providers etc. Case study two’s participant went on to ground the
concept of ‘regulation’ in a more concrete and specific domain, that of climate change as
follows: “Reinforces role of regulation set by the international community on forests in all
countries”(CS2)
The case could be made that the movement in thinking by this participant hinged on the
concept of regulation rather than their abstract schema. It also points to the level of
abstracted-ness in the thinking of this participant across the knowledge process.
Finally, given that a more abstracted mode of thinking facilitated participants to link to distant
domains it was interesting to note that case study two linked to the near domain of economic
regulation and identified only one new action that of ‘reinforce the role of specific regulations
within individual countries’(CS2). This type of analogical linking appears to be similar to
Bearman, Ball and Ormerod’s (2009) ‘literal’ analogy that is composed of both superficial
and structural elements of the target problem.

5.4.4 Summarising the systematic linking to extra-domain source situations
In total, fifteen of the sixteen participants’ source situations could be traced to their generic
schemas. Of the fifteen participants, at least eleven participants used structural elements
present in their generic schema to link to a source situation. The remaining four participants
all appeared to categorise their generic schemas based on more superficial characteristics
displayed in the schema, for example one participant’s schema diagram evoked a mathematics
diagram. All fifteen participants linked to a concrete source situation at some point in their
thinking. Of the participants fifty four source situations thirty nine were concrete in nature.
Overall, these findings indicate that this part of the knowledge transfer process has achieved
its purpose of facilitating novices to link with source situations removed from the forests and
climate change domain. The next section examines the extent to which these source situations
yielded new knowledge.
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5.5 Retrieving and using extra-domain knowledge to derive new
actions
This section of the chapter explores the extent to which the knowledge process assisted
participants to retrieve and then use knowledge from their evoked source situation to
identifying novel (to the participant) actions to address the forests and climate change
problem. We have seen that the first two steps in section three of the knowledge process
assisted novices to use their abstract schemas to link to source situations from domains other
than the forests and climate change domain. The final two steps in the knowledge process ask
participants to select one of their source situations, recall ‘lessons learned’ from that source
situation, and then transform the lessons learned into new actions to address the forests and
climate change problem.
This section of the chapter begins by outlining how the findings will be described and
presented. This is followed by an exemplar case that illustrates how the knowledge transfer
process guided participants to derive new actions to address the forest and climate change
problem from their source situation. The following section then examines four dimensions to
participants using extra-domain knowledge to derive their new actions.

5.5.1 Presentation of Findings
Given the small number of cases involved and the need to compare across these cases
qualitative descriptions only are provided. Using established techniques (see for example,
Leedy and Ormerod 2010, p, 100 thick description) clear, concise but rich descriptions of data
against stated aims in the LINK process are presented to exemplify emergent themes (i.e.
Pries-Heje et al’s ex-ante evaluation (2008).
The researcher refers to the context in which the forests and climate change problem takes
place as the “forests and climate change domain”. Conceptually, the researcher adopts
Feldman’s (2008:284) model and assumes that participants combine their conceptual and
linguistic networks with their situational knowledge of forests and climate change to
understand the problem. To describe and communicate their understanding of a problem they
combine their situational knowledge with their linguistic knowledge. Within the problem
domain participants describe factors and/or actions that are important to their understanding
of the forests and climate change problem. Each of their factors reflects a specific aspect of
the participant’s existing situational knowledge about forests and climate change, for example
‘a high volume of trees‘. Taken together their factors/and or actions represent the
participant’s spontaneous understanding of the forests and climate change problem.
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For the remainder of the chapter the researcher refers to each of these collections of factors
and/or actions as a “complex”. To trace the extent to which the knowledge transfer
instrument assisted participants’ to derive new actions the researcher compares three sets of
“action” complexes as shown in Figure 5.22 As the participant moves through the steps in
the knowledge process the data collected can be analysed as movement through these action
complexes.

A

B

C

Initial actions complex

Lessons learned complex

Blended actions complex

Use international fora to
negotiate agreements to
voluntary reductions in
forests

I needed to remember to

Design climate change

have more fun teaching at

education initiatives that

my school

incorporate fun as a key

Reduce deforestation by
decree

Enthuse both staff and

element

students in the joy of

Put in place high profile

Impose financial sanctions
on logging companies that
do not adhere to
government legislation

learning

rewards for companies
that that reward
commercial practices

Figure 5-22. Sample presentation of participants’ actions.

For example, Figure 5.22 shows that this hypothetical individual’s initial actions complex
differs markedly from both their ‘lessons learned’ and their ‘blended actions’ complexes.
Second, the initial actions complex revolves around legislation and enforcement while the
other two complexes share a more positive incentive perspective. Third, the blended actions
complex can be traced to the lessons learned but not to the initial actions complex.

5.5.2 Case study seven illustrating the derivation of new actions
Case study seven’s data illustrates how the knowledge process guided participants’ retrieval
and then use of knowledge from their evoked source situation to address the forests and
climate change problem. Recall that in order to develop new actions participants first selected
the source situation that they were most familiar with and recalled the lessons learned from
that situation. They were then asked to use their lessons learned to derive new actions to
address the forests and climate change problem.
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Case study seven’s participant listed two thoughts in response to their generic schema “The
object A of object B needs replacing to prevent regulated and non-regulated object c of object
D” (CS7).
These two thoughts were as follows:
1. “Inter-connectedness of social history
2. Why people are the way they are”
These factors reminded the participant of a situation that they had encountered before that of
an “undermined defence officer”, referred to as the source situation. The participant
described the source situation as follows:
“Defence Officer had difficulty making key decisions and felt he was often overridden
by his superiors” (CS7)
The participant’s source situation has an overlapping profile to the forests and climate change
as shown in Figure 5.23. The two problems differ in complexity as the source situation is an
individual problem while forests and climate change is a global problem. This difference is
shown by the individual problem being less complex on the complexity axis and more
structure shown on the structured-ness axis.
Ill-‐
Structuredness	
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2	
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Deforestation	
  
Defence	
  Ofdicer	
  
Abstract	
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Abstracted-‐ness	
  

Complexity	
  

Figure 5-23. Case study seven’s source situation typology compared with their abstract schema and the
forests and climate change problem.

This participant’s movement in thinking between the three stages in the knowledge transfer
process: describing the forests and climate change problem (1); developing the abstract
schema (2); and finally recalling the source situation (3) is shown in Figure 5.24 below.

Page 185

Abstract

Co
pl
m
ex

Abstract-‐ness

2

ity
lex
mp
o
C

1

3

st I
ru ll-‐
ct
ur
ed

Struc
tured
-‐ness

Figure 5-24. Case study seven’s movement in thinking illustrated at the 3 stages in the knowledge
process.

The participant cited two ideas as being important to his/her evoked source situation as
follows:
1. “His feelings of being overridden
2. He wanted to know why it kept happening and to change it if he could” (CS7)
When asked to reflect on what lessons learned were successful in the source situation the
participant identified:
1. “he relaxed and got hold of the feeling
2. we got him to say when the first time he felt that way
3. once aware he mentally released the emotion stored with the event and re-categorised
the meaning of the event” (CS7)
When asked to reflect on the lessons learned in the source situation and new possible actions
to help address the forests and climate change problem the participant responded as follows.
1. “Creating new patterns- incenting business to develop and commercialise new
approaches
2. Be aware of old patterns that no longer work for us
3. Making resource cost transparent
4. Highlighting the painful outcomes of old patterns and alternatives” (CS7)
In summary, this participant’s data indicates that section three of the knowledge transfer
process enabled the participant to blend the lessons learned from the undermined defence
officer situation with the forests and climate change problem to yield new actions to address
the forests and climate change problem.
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For comparative purposes the final three sets of action complexes initial, lessons learned and
blended are listed in table 5.4 below.

1.

2.

3.
4.

A

B

C

Initial actions complex

Lessons learned complex

Blended actions complex

5.

8.

Have key industries and
innovators incented on
major reductions in
emissions (similar to R&D
incentives of 1980s/90s
Building codes
progressively increase
mandatory energy
efficiency ratings.
Program for retrofitting
based on economic value
Develop method for pricing
and pay for having carbon
sinks in place and properly
managed

6.
7.

He relaxed and got hold of
the feeling
We got him to say when the
first time he felt that way
Once aware he mentally
released the emotion stored
with the event and recategorised the meaning of
the event

Creating new patternsincenting business to
develop and commercialise
new approaches
9. Be aware of old patterns
that no longer work for us
10. making resource cost
transparent
11. highlighting the painful
outcomes of old patterns
and alternatives

Table 5-4 Case study seven’s actions profile listing movement in action complexes across two different
problem domains

Five points are noteworthy. First, the source situation and the forest and climate change
problem are from different knowledge domains, an individual’s work situation as opposed to
forests and climate change.
Secondly, the lessons learned are different from the actions in the initial actions complex.
This indicates that the participant is not repeating actions and ideas from stage one of the
knowledge transfer process.
Thirdly, the participant’s blended actions were different from the participant’s initial actions
1-4. This indicates that the participant had generated new actions not considered in stage one
of the knowledge transfer process.
Fourthly, the lessons learned and the blended actions can be linked by an underlying concept
of ‘patterns’. For example, the participant directly mentions the concept of ‘patterns’ in action
8 of her blended complex: “creating new patterns” which the participant alluded to when
describing the source situation: “he wanted to know why it kept happening and to change if he
could”. Similarly, action 7 from the lessons learned indicates that the individual was able to
recognise an old pattern “once aware” and then substitute a new pattern “re-categorised the
meaning of the event”.
Fifthly, the concept of incentives is present in both the initial and blended complexes. How
the participant derived this concept is open to interpretation, however, in the blended
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complex, the participant has used the concept of ‘new patterns’ to arrive at a new action:
“creating new patterns - incenting business to develop and commercialise new approaches.”
This can be thought of in a hierarchical sense. We can say that the concept of ‘patterns’ is
superordinate to the concept of ‘incentives’. Put another way this could mean that
‘incentives’ is an instantiation of a ‘pattern’. It could be concluded that the participant has not
used the concept of ‘incentives’ to link their source situation with the forests and climate
change problem but has instead used an underlying concept of ‘patterns’ to derive the new
actions.21 Unfortunately, this interpretation remains speculative as the current study lacks the
tools to be more definitive.
In summary, given the difference between the source situation and the forests and climate
change domains, the differences between the participant’s initial and blended complexes, and
the commonality of an underlying concept ‘patterns’ between his/her lessons learned and
blended complexes, it is reasonable to conclude that the participant has utilised knowledge
from the source situation problem to address the forests and climate change problem. In
effect this means the participant has been able to systematically transfer knowledge between
two previously disconnected knowledge domains.

5.5.3 Using lessons learned to develop new actions
This section explores the impact that the knowledge process had on participants’ ability to
identify lessons learned from their source situations and derive new actions from their lessons
learned to address the forests and climate change problem. Each of these steps is now
explored in more detail.
5.5.3.1 Recalling	
  lessons	
  learned	
  from	
  source	
  situations	
  
All but two participants recalled lessons learned from their source situations. In total,
participants identified sixty-nine ‘lessons learned’ from their source situations. We will
explore the extent to which participants’ actions differed between their initial and their lessons
learned complexes.
Similar actions in both the initial and lessons learned complexes would indicate that the
participant’s thinking remained tied to the forests and climate change domain and therefore
the likelihood of generating novel actions to address the problem would be reduced. Thirteen
of the sixteen participants’ action complexes differed completely. For example, Table 5.4
above shows that case study seven’s participant in evoking an unrelated source situation, that

21
It could also be argued that the participant used the underlying concept of ‘patterns’ to link their source situation and the
forests and climate change problem.
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of the undermined defence officer, recalled lessons learned that differed completely from
his/her initial forest and climate change actions.
By way of contrast, three of the sixteen participants had similar initial actions and lessons
learned complexes. For example, one participant used concepts such as “identify”, “research”
and “analyse” in both their action complexes. This overlap occurred despite the problems
domain being distant, e.g. participant nine’s source situation was ‘a leaking roof’. Two
factors appear to be at play. First, two of the participants, nine and seventeen, filtered their
experience by applying a generic approach to problems. Indeed, case study nine’s participant
was quite upfront in advocating that a generic problem solving approach was more
appropriate to addressing the forests and climate change problem. As shown in Table 5.5, this
participant when asked to generate actions s/he used the same problem solving pattern: assess,
identify, devise implement. The participant deliberately and consciously used her own
preferred approach declaring it to be the best way to respond to the forests and climate change
problem.
A

B

C

Initial actions complex

Lessons learned complex

Blended actions complex

5 The situation needed to be
analysed and assessed
immediately so that the cause
could be identified
6 Actions should be taken to
prevent further damage
7 Approach needs to be
determined for the best way
forward (solution)

8 Assess/Analyse

1 Assess the political, economic
and social impact on forests at
local, regional and international
levels
2 Priorities identified
3 Priorities addressed
4 Devise a long term
sustainable solution

9 Identify
10 Prevent
11 Perform

Table 5-5. Case study nine’s actions profile listing movement in action complexes across two different
problem domains.

The second factor at play with these three participants involves their applying similar
‘organising’ concepts across the forests and climate change and source situation domains. For
illustration, Table 5.6 below lists in bold, case study fifteen’s repeated use of the ‘value’ and
‘review’ concepts between the forests and climate change and her/his source situation domain.

Page 189

A

B

C

Initial actions complex

Lessons learned complex

Blended actions complex

8. Understand the true value
9. Review all of the facts
10. Validate any assumptions
11. Use a team of experts
(banker, accountant not real
estate agent)
12. Understand the expenses

13. What is the true value of the
forest
14. Can we generate more
resources from the forest from
other means
15. Check the facts on release
of CO2 and the link to climate
change
16. Develop a team of experts
on the subject including all
aspects of the problem
17. Maintain a long term viewnot just the short term value of
the forest

1. Measure CO2 release from
forests
2. Continuous forest loss rates
3. Identify value of forests
4. Why are forests being felled
can we identify alternatives to
reduce the loss of forests
5. Find economic alternatives
6. Purchase forests for
sustainable management
7. Protect through National
Parks

Table 5-6. Case study fifteen’s actions profile listing movement in action complexes across two different
problem domains.

In effect, when asked to generate lessons learned these three participants were using a concept
that operates at an abstract level, either a generic problem solving approach or generic
concept. That is, these participants appear to have filtered their recollection of lessons learned
from the source situation using this concept. The important point to note is the direction from
which the concept emerged. Unlike the thirteen participants who appear to have generated
lessons learned primarily from their source situation, these three participants used similar
concepts to generate both their lessons learned complex and their initial actions complex.
This means that despite linking to a source situation unrelated to forests and climate change
these participants reverted to a omnipresent concept when asked to generate lessons learned.
5.5.3.2 Using	
  lessons	
  learned	
  to	
  blend	
  new	
  actions	
  
Fourteen of sixteen participants derived actions from lessons learned recalled in their source
situations. Thirteen of these fourteen participants identified at least one new action to address
the forests and climate change problem. Two thirds of the blended actions were ‘new’ in that
the participants had not previously identified them in their initial actions.
Most participants’ initial actions and lessons learned complexes operated at the same concrete
level of abstracted-ness, for example participant seven’s actions listed in Table 5.4 above.
This implies that participants were more likely to be recalling actual actions that took place
derived from the respective concrete knowledge domains as opposed to applying pre-existing
abstract concepts to a concrete situation.
By way of contrast, four participants derived complexes that operated at different levels of
abstracted-ness. For example, case study six’s participant recalled lessons learned from
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his/her source situation, shown in Table 5.7 column B, that were more abstract than his/her
initial actions shown in column A. When this participant derived new actions to address
forests and climate change they remained relatively abstract actions as shown in Column C.

1.
2.

3.

4.

A

B

C

Initial actions complex

Lessons learned complex

Blended actions complex

5.
6.
7.

8.

Find out why forests are
being cut down
What are the local drivers
for forests; Is it for
farming/food/living space/
profit
Are there any non-local
factors involved – demand
for timber?
Address causes for forests:
a) local – alternative
employment to farming; b)
global: increase price on
timber/duties; find
alternatives to timber

Equilibrium
Balance
Exchange

Climate change/forests is
two ways
9. Left alone it will tend to go
in one direction (moving
toward forests) ad reach a
new stable point
10. The equilibrium point can
be altered but needs a lot of
money energy input

Table 5-7. Case study six’s actions profile listing movement in action complexes across two different
problem domains

Finally, two of the thirteen participants generated new actions but their actions could not be
traced to either their source situation or their lessons learned. For example, case study
sixteen’s participant generated four new actions that on the surface did not appear to be
derived from his lessons learned or source situation, for example: “We need to ask more
questions of our environmental leader” and “Hug trees for fun, plant more trees for fun”.
(CS16)
5.5.3.3 The	
  level	
  of	
  abstracted-‐ness	
  in	
  action	
  complexes	
  
The aim in linking to a source situation was to access knowledge associated with the source
situation and then use it in the target problem domain. We have seen that most of the source
situations can be classified as ‘concrete’ on the abstracted-ness dimension. Similarly, most of
the lessons learned derived from source situations are also concrete. Intriguingly, in blending
‘new’ actions to address the forests and climate change problem, participants have transferred
concrete actions that are normally tied to their source domain. The question arises, how does
the participant transfer and blend a concrete action rooted in one domain to a useful action in
another completely different domain?
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Similar to the final step in developing his/her generic schema, case study fourteen’s
participant literally substituted elements from their lessons learned domain to the forests and
climate change domain irrespective of whether the resulting action made sense. This
participant’s actions complexes are shown in Table 5.7 below. For example, his/her second
lesson learned from studying science at school ‘science was interesting and exciting’
transferred into ‘climate change is interesting and exciting issue’ [CS14]. The full actions
profile is shown in Table 5.8 below. This participant obviously interpreted in a very literal
way the final step in the knowledge instrument (Version-eight).22 This participant’s response
highlights the simple point that novices need to do more than just substitute words to derive
useful new actions. This participant’s attempt at blending results in ‘ideas’ rather than
‘actions’. Conceptual blending is required first and foremost. That is, the underlying
knowledge associated from the source domain needs to be assessed and tailored to meet the
needs of the target domain.
A

B

C

Initial actions complex

Lessons learned complex

Blended actions complex

1.
2.

Clarify the facts
Determine why forests is
occurring
3. Identify alternatives to
reduce levels of forests
4. Offer incentives to
Indonesia and other
countries to reduce levels of
forests
5. Increase understanding of
the science
6. Plant more tress
7. Reduce dependency on nonsustainable forests
8. Increase sustainable forests
9. Increase
regulation/penalties for
illegal forestry and forest
products
10. Address social and
economic drivers for forests
11. Ensure other causes of CO2
emissions do not increase
as a consequence of actions

12. Reread, reread, retain
13. Science was interesting and
exciting
14. I enjoyed science classes
15. I had fun in science classes
16. I liked my science teachers

17. Re-read, re-read check your
facts and know what your
solutions are in climate
change
18. Climate change is an
interesting and exciting
issue
19. I enjoyed learning about
forests and climate change
20. I feel good helping to
reduce the impact of
climate change
21. I like learning about forests
and climate change from
my peers

Table 5-8. Case study fourteen’s actions profile listing movement in action complexes across two
different problem domains

22

Future versions of the LINK instrument will need to address the ambiguous wording in step 13.
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Part of the answer to successfully evoking extra-domain knowledge and using it between
domains (in this case in the form of actions) appears to relate to concepts and the abstractedness dimension. Analysing each of thirteen participant’s actions reveals that most participants
appear to involve the abstract dimension when developing new actions in one of two ways.
First, a number of participants directly translated an abstract concept present in their lessons
learned to an action that addresses the forest and climate change problem as shown by case
study six in Table 5.4 above. Translating his/her lessons learned: “equilibrium” into an action
to address the forests and climate change problem “The equilibrium point can be altered but
needs a lot of money energy input” (CS6). Similarly, case study eleven’s participant translated
a lessons learned “1. To carefully consider inter-dependencies which may hinder progress”
into an action “1. Climate change requires knowledge of the interdependencies of the issue”
(CS11).
The second method participants used to generate new actions was to use an unstated abstract
principle underlying their lessons learned complex. For example, case study twelve’s
participant’s lessons learned: “smile, kill’em with kindness” reflects a positive attitude that
they translated into actions: “Engage with stakeholders in good faith – open mind, listen” and
“Listen though some may not wish to” (CS12).
We know from the literature the importance of the abstracted-ness dimension in students
being able to use abstract schemas between different knowledge domains, (for example
Bassok and Holyoak 1989). In the current study we have seen that the abstract dimension
plays both a productive and constraining role in novices being able to access and use
knowledge from other dimensions. In the productive role, as discussed immediately above,
participants appear to be able to generate new actions for the forests and climate change
domain by abstracting a concept from a lessons learned and reapplying it in the target problem
domain. This is productive if the participant had not used the concept in their initial
conception of actions to address the target problem. In the constraining role, the order is
reversed, novices used the same abstract concept first in the initial target and then in the
source domains (see Table 5.6 above). The latter order constrains the novice to either
repeating the initial action or repackaging the initial action in a slightly different manner.

5.5.4 Summarising the use of extra-domain knowledge to derive new actions
Overall, the findings indicate that participants’ derived actions to address forests and climate
change from one of three strategies. First, by evoking their current situational knowledge of
the problem; second, by applying and tailoring abstract concepts to the problem; and third, by
accessing and tailoring extra-domain knowledge from source situations outside of the forests
and climate change domain.
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Stage three findings show that two thirds of participants derived at least one new action to
address the forests and climate change problem after completing the knowledge transfer
process. Analysis of the thirteen participants’ new actions indicates that most participants
were able to transfer concepts from a lessons learned domain and use the concept in the
forests and climate change domain. The key to this transference is that the concepts are
relatively abstract in that they are not tied to a single domain. Participants developed new
actions in two ways. Either directly translated an abstract concept present in their lessons
learned or by using an abstract principle underlying their lessons learned complex.
The remaining one third of participants, despite evoking source situations distant to the forests
and climate change domain, developed actions that were similar to or the same as their initial
actions. A number of these participants derived actions from abstract concepts present
throughout their responses to the knowledge process.

5.5.5 The influence of the knowledge process on novices’ evocation of source
situations.
Most study participants used the knowledge process to link to source situations removed from
the forests and climate change problem domain. We have also seen that most participants’
source situations can be traced to their generic schemas and the resulting source situations
differ from the forests and climate change problem in that the former are simple and more
structured. This finding indicates that the knowledge instrument appears to have had the
desired effect. However, the findings so far do not provide firm evidence that the desired
effect was due solely to the knowledge instrument. Other factors could have contributed
towards the observed changes. In particular, it is possible the participants would have linked
to these source situations spontaneously if asked.
The study sought to gain an indication of the extent to which the knowledge process
contributed towards the observed changes by employing a simple comparative design. This
design element is discussed in Chapter Three but for now we need only note that Versioneight of the knowledge instrument specifically invites participants to recall situations similar
to the forests and climate change problem23. The resulting data yielded two findings. First, all
eight participants spontaneously generated at least one source situation. Secondly, the initial
source situations differed from the subsequent schema-based source situations in that the
former tended to be complex, ill structured and from a knowledge domain superficially linked
to forests and climate change. Each of these findings is now explored in more detail.

23

To compare the initial source situations with the subsequent schema-focussed source situations we need to exclude phase
two participants’ data except for participant ten who also used version eight of the knowledge instrument. Earlier versions of
the knowledge transfer process did not include the section one step aimed at spontaneously eliciting initial source situations.
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5.5.6 Characteristics of the spontaneously evoked source situations
All phase three participants identified at least one source situation and in total these eight
participants evoked 39 source situations. First, approximately two thirds of the source
situations were from domains ‘near’ to the forests and climate change domain. That is an
element present in the forests and climate change problem could be found in the initial source
situation24. For example, case study fourteen’s “The oil crisis-limited resource” was linked
via the concept of a “limited resource”. Similarly, case study thirteen’s “Overconsumption”
and “Thoughtless production models” although abstract, directly relate to the forests and
climate change problem. Similarly, 30 of the 39 initial source situations relate to one of four
elements present within the forests and climate change problem: trade/business-related;
environmental-related elements; government/country issue-related and people-related.
Secondly, over three quarters of the initial source situations were complex and ill structured
source situations, similar to the FCC. For example, participant ten’s source situations:
1.water (portable water particularly)
2.land situation more generally
3.salination of earth
4. population increase
5.mills /heavy industry
6 food – demand + supply and impact onland/environment for other uses
By way of contrast only one of the 39 source situations could be categorised as a simple
situation, that of participant twelve’s ‘cubbie station’.
The third and final dimension concerns the abstracted-ness of the initial source situations.
Recall that the study classifies the forests and climate change problem as ‘concrete’ in that its
concepts, elements and relationships between elements (forests, trees, governments, and CO2)
combine to firmly ground the problem in a localised and concrete domain. Similarly, over
three quarters of participants generated concrete source situations. For example participant
ten’s: “World trade – Regional ECIADEC and NAFTA”. Of note is that five of the six
abstract situations were from one participant, participant thirteen.

5.5.7 Characteristics of the schema evoked source situations
Focussing on their generic schemas all eight participants evoked at least one source situation
and in total these eight participants evoked 32 source situations. Secondly, of these 32 source
situations only five were from a domain near to the forests and climate change. Of these five
source situations three “Capitalism’; ‘Greed, poverty’ and ‘Consumerism” were from the one
participant, participant sixteen. Thirdly, using the dimensions of complexity and structuredness half of the participants’ source situations were rated as complex and ill structured, similar
to the forests and climate change. Of the remaining source situations twelve were rated as
24

The same criteria was used for schema-based source situations described above.
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semi-complex and more structured in that they were more constrained and had less factors
than forests and climate change, for example participant fifteen’s ‘purchasing a house’ or
participant fourteen’s ‘helping my daughter with her homework’. Clearly these are not as
simple as an algebra problem but they are not as complex as forests and climate change
problem.
A fourth aspect concerns the abstracted-ness of the source situations. Seventeen of the source
situations were concrete, twelve were rated as abstract and three rated as semi-abstract. Most
participants however, generated concrete source situations with seven of the eight participants
generated at least one concrete source situation. Two participants were responsible for
generating ten of the abstract source situations.
All three semi-abstract source situations came from case study thirteen:
‘The impact of outside pressures on other people;
‘When one person is happy and thriving in a certain situation another person may be
dying inside; and
‘How some people get joy or satisfaction from seeing other people fail or cut down
tall poppy syndrome’ [CS 13]
Importantly, fifteen of the seventeen concrete source situations were from domains distant to
the forests and climate change domain. The concrete near source situations were case study
fourteen’s: ‘atmospheric diagrams and cycles’ and ‘studying natural resource management at
Uni’ [CS 14].
The final characteristic relates to a blunt measure comparing the extent to which the initial
source situations also appeared in the schema-focussed source situations. Remembering that
no restrictions were placed on what participants should evoke in response to their abstract
schema, it would appear reasonable to expect some overlap between participants’ initial and
subsequent source situations. Only one pair of source situations made by one participant
appears to be similar. One of case study thirteen’s initial source situations appear to be
superficially related to a subsequent source situation. This participant’s initial source
situation was ‘5. Selfishness how far are individuals prepared to go to fix problems’ and his
schema based source situation was ‘How some people get joy or satisfaction from seeing
other people fail or cut down tall poppy syndrome’ [CS13].

5.5.8 Spontaneous and schema source situations differ
Having established the characteristics of the spontaneously evoked and the schema-evoked
source situations we can now discuss the extent to which the knowledge process has
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influenced participants’ evocation of the schema-focussed source situations. The researcher
concludes that the knowledge process has indeed led participants to evoke the particular types
of source situations that they reported. An analysis comparing the two sets of source
situations has found one similarity and two key differences. Participants generated analogous
source situations in a spontaneous manner and in a directed manner responding to their
generic schemas. Problem solvers spontaneously evokinge analogies in naturalistic settings
has been commonly reported (see for example Dunbar 1995,1997; Bearman, Ball & Ormerod
2007). The similarity was that in both these contexts most participants generated concrete
source situations.
The two key differences between the sets of source situations were as follows. First, the initial
source situations spontaneously generated were near to the forests and climate change
problem domain. By way of contrast, when participants used their generic schemas they
mostly generated source situations that were distant to the forests and climate change
problem.
The second key difference concerns the profiles of the source situations. The initial source
situations were ill structured and complex, similar to the forests and climate change problem.
By way of contrast, the schema-focussed source situations were more structured and less
complex than the initial source situations. Figure 5.25 illustrates the indicative differences
between these two sets of source situations. This difference indicates that the evocation of
source situations is influenced not only by the content of a problem but also by the problem’s
profile. When participants were focussing on a representation of a problem that was complex
and ill structured they in turn evoked a similarly profiled source situation.
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Figure 5-25. Participants’ pre-test source situation type compared to their post-test source situation
type.
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The researcher concludes that these findings indicate that the sections two and three of the
knowledge process have influenced participants’ ability to systematically link to and then
access knowledge from domains remote to the forests and climate change domain.
Specifically, the use of a generic schema has affected the type of source situation that the
participant generates along three dimensions – the distance from the original FCC problem,
the structured-ness, and the complexity of the source situation. Had the knowledge transfer
process not had an impact, then one could reasonably have expected that participants’ initial
and subsequent source situations would be similar. Only one pair of source situations made
by one participant appears to be similar.
Critically, across seven of the eight participants the comparison design indicates that the
knowledge process has facilitated participants linking to source situations that are more
remote than non-directed spontaneous analogising alone provides. Creativity researchers
place importance on individuals using knowledge from different domains to create unusual
and innovative ideas (Brophy1998; Mumford 2003; Johansson 2004). Being able to
systematically link with and use knowledge from remote domains by using the problem
solver’s idiosyncratic, ‘known’ schema, promises to elucidate some of the vagueness typically
associated with the spontaneous generation of analogy during problem solving (Ahmed and
Christensen 2009; Bearman, Ball and Ormerod 2007).

5.6 Summary of findings
Chapter Three described this study’s pragmatic research framework that caters for
interdependent streams of research activity, the development of the knowledge transfer
instrument and its use by study participants. Chapter Four outlined how this study, in
adapting Pries-Heje, Baskerville & Venable’s (2008) evaluation framework, effectively
guided the iterative development of the knowledge transfer instrument. By specifying the
overall aim of the knowledge transfer process and then identifying specific and clear aims for
each of its individual steps the researcher was able to incrementally increase the instrument’s
stand-alone performance. Importantly the constraints and limitations to the use of the
instrument were also identified. Chapter Five detailed novices’ use of the knowledge process
to evoke and use knowledge between problem domains. Analysis showed that two thirds of
novices have been able to derive new actions to address the forests and climate change
problem by systematically accessing and then using knowledge from a knowledge domain
more remote than spontaneous analogising alone provided.
An analysis of findings from stage one of the knowledge process indicate that most
participants became immersed in the forests and climate change problem sufficient to list in
summary fashion their initial understandings of the problem and their initial actions to address
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the problem. Analysis of stage two findings showed that all participants developed
idiosyncratic text-based and diagrammatic generic schemas that reflected relations between
elements present in the forests and climate change problem. Analysis of findings from stage
three of the knowledge process indicate that most participants were able to systematically link
to a source situation based on their generic schema and then list lessons-learned from their
source situations. These source situations were different and more distant from the forests and
climate change problem than source situations participants ‘spontaneously’ generated in stage
one of the knowledge process25. Finally, stage three findings indicate that two thirds of
participants derived new actions to address the forests and climate change problem from their
lessons learned complex. By way of contrast, a small number of participants derived actions
from abstract concepts present throughout their responses to the knowledge process.
These findings were strengthened by the comparative evaluation design put in place. The
instructor-led knowledge transfer sessions in phase three of the study yielded similar results to
the researcher-led sessions indicating that the knowledge process, not the researcher,
influenced the collection of data. Similarly, the comparative analysis conducted indicates that
the knowledge process appears to be influencing participants’ generation of new actions to
address the forests and climate change problem. Participants derived source situations from
their generic schemas that differed from their initial spontaneous source situations in terms of
both analogical distance and profile. Source situations derived from generic schemas were
from domains distant to forests and climate change and tended to be simple, semi-abstract and
semi structured. Similarly, two thirds of participants’ derived actions using the knowledge
process that differed from their initial actions proffered in response to the forests and climate
change problem. It should be stressed that quantification of the data was not attempted.
Given the small number of cases involved and the need to compare across these cases
qualitative descriptions only are provided. Using established techniques (see for example,
Leedy and Ormerod 2010, p, 100 thick description) clear, concise but rich descriptions of data
against stated aims in the LINK process are presented to exemplify emergent themes (i.e.
Pries-Heje et al’s ex-ante evaluation (2008). Nevertheless, though not definitive, these
findings indicate that the knowledge process is influencing this study’s novices’ deliberations
more systematically than novices spontaneous responses previously reported in the literature.
In summary, the findings from Chapter Four and Chapter Five indicate that the three stages of
the knowledge process were able to guide most novices’ thinking in the manner in which the
knowledge instrument intended. That is, the knowledge process guided most participants, all

25
Stage one of the knowledge instrument version eight included a step requesting participants to list situations that reminded
them of the FCC problem.
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novices, to source, retrieve and then use knowledge from a source domain removed from the
forests and climate change domain.
A number of implications arising from these conclusions will be discussed in Chapter Six.
First, Chapter Four and Five findings support the utility of integrating analogical reasoning
processes with a standard problem solving process for the purpose of novices evoking and
using their extra-domain knowledge to address a complex ill structured problem. In addition,
Chapter Six will discuss the findings that the creativity mechanisms of priming and focal
attention were particularly useful to the knowledge transfer process and that the mechanism of
incubation was found not to be necessary for novices to break their thinking from the forests
and climate change problem domain in order to generate new actions. A differing role for
convergent thinking when generating novel solutions to problems will be discussed. From an
analogical reasoning perspective the implication of novices using an idiosyncratic structuring
to address an ill-structured problems will also be discussed along with the utility of abstract
schemas. The usefulness of the neural theory of language for providing a fresh interpretation
of the observable process of knowledge transfer between domains will complete the
discussion.
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6 Conclusions
The thesis concludes that the novices used in this study when faced with a complex, illstructured and concrete problem situation, can systematically target, evoke and use their own
extra-domain knowledge that would otherwise remain inaccessible or left to chance flashes of
insight. To assist individuals to evoke and use extra-domain knowledge the thesis shows that
a number of creative problem solving and analogical reasoning mechanisms can be usefully
integrated in a human-centred knowledge process. The researcher concludes that the
knowledge process has facilitated the study’s participants to generate new actions to address
an ill structured problem by systematically evoking and using their own knowledge from
outside the problem domain.
An examination of the relevant academic literature exploring how individuals’ access and use
extra-domain knowledge when solving problems (Chapter Two), set the parameters for the
study. This examination included problem typology studies, creativity research, problem
solving approaches, analogical reasoning processes and the neural theory of language. The
chapter’s conclusions contended that aspects of these current silos of knowledge could
usefully be integrated to better facilitate individuals access to extra-domain knowledge when
addressing ill-structured problems. The chapter first described Jonassen’s (2000) problem
typology and the different contexts in which problems take place and established that
knowledge from outside a problem domain can be useful in generating novel solutions to
problems. For many problem types and in many problem situations, problem solvers need
only use knowledge from the problem’s knowledge domain to solve the problem. Some
contexts however require the individual to respond in ingenious or novel ways. For example,
problem solvers needing to generate novel solutions to a problem such as those reported in
creativity studies or problem solvers moving beyond an impasse by reframing a problem such
as those reported in analogical reasoning. Similarly, in contexts requiring individuals to
address an unfamiliar problem, the use of knowledge from outside the problem domain has
shown to be beneficial. The current study focused on ill-structured problems because
individuals in academic, professional, and policy work settings frequently encounter them.
Novelty and innovation in these work settings are highly valued and using knowledge from
outside of the problem domain contributes towards that value. Significantly, further research
is required to assist problem solvers to address this type of problem.
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The analogical reasoning literature was reviewed and filtered for problem solving processes
that have been designed for use by individuals wishing to access and use extra-domain
knowledge. The study concluded that whilst a great deal is known about analogical reasoning
processes there was limited research on adult novices using knowledge transfer instruments to
address ill structured problems. Analysis of analogical reasoning literature as a problem
solving process revealed much of the recent research in this area was for two purposes. Many
studies centred on elucidating models of analogical reasoning, particularly computational
studies developing and examining the extent to which models mirror analogical reasoning
observed in humans. Other studies focussed on individuals’ ‘spontaneous’ use of analogy to
address problems outside of laboratory settings. These studies call attention to a number of
key mechanisms and processes involved in human-centred knowledge transfer including the
utility of using knowledge from outside of a problem domain to address ill structured
problems.
Finally, the researcher concluded that there was an inadequate integration of key problem
solving and analogical reasoning protocols for the purpose of facilitating novices to
systematically access and use their own extra-domain knowledge. There were a limited
number of recent studies that focussed on the pre-meditated use of analogy in problem solving
situations. Many of these took place within academic settings and addressed well-structured
problems with a known solution. The use of an abstract representation, known as a schema,
was reported in a number of studies. Most of these studies, however, used a ‘pre-loading’
protocol where individuals learnt a schema prior to being given a subsequent target problem
amenable to the use of the ‘pre-loaded’ schema. Chapter Two concluded with a brief
examination of the structural linking of knowledge between knowledge domains reported in
the problem solving and analogical reasoning literature. The study noted that several key
aspects of the neural theory of language could provide a fresh perspective on the interplay
between a problem solver’s use of language and how they structure their knowledge.
Feldman’s (2008, p. 284) model of language and understanding provides a unitary conceptual
model for exploring the evocation and use of knowledge in a problem solving context. In
particular, the model suggests that problem solvers apprehend and structure novel situations
in a manner similar to how they structure other more familiar situations.
Guided by the findings from Chapter Two, the study was designed from a pragmatic
perspective with the specific purposes of examining an individual’s ability to evoke extradomain knowledge and apply it to a problem in a different knowledge domain. To this end the
study first developed a knowledge process and then instantiated that process in a knowledge
instrument called LINK whose purpose was to facilitate individuals to systematically access
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and use their own extra-domain knowledge to address an ill-structured, complex problem.
Chapter Three described how the study used a qualitatively-oriented, design science
framework that utilises participants’ data to guide the iterative development of the knowledge
instrument and to explore its impact on novices’ ability to systematically access extra-domain
knowledge and use that knowledge in a different problem domain. This was necessarily a
qualitative not quantitative project. The fieldwork consisted of a series of directed problem
solving sessions with novice adults, both male and female, in home and café settings across
the ACT and New South Wales, Australia. The “directive qualitative method” (Jaccard 2010
p.267) was used to gather data on both the problem solving instrument and the impact of the
instrument on participants’ ability to access and apply knowledge from a different knowledge
domain. A simple qualitative coding process (Saldana 2009) was used to analyse the data.
This approach to analysing a knowledge process means that the study extends current theory
and practice rather than building new theory. Chapter Four described the iterative
development of the knowledge instrument and the critical dimensions of the final version.
Chapter Five described the extent to which the knowledge process facilitated novices to
access and use their own extra-domain knowledge to address the forests and climate change
problem. The findings of Chapters Four and Five are used in this chapter to explain how
novices can generate new actions to address an ill structured, complex problem by
systematically accessing and transferring their own knowledge from another domain. This
chapter now addresses the two research objectives established in Chapter Two. Section 6.2
and 6.3 address Research Objective One and section 6.4 addresses Research Objective Two.
The final section 6.5 discusses potential areas for further research arising from this study’s
findings.

6.1 Key knowledge process mechanisms
Chapter Four addressed Research Objective One:
To integrate and reify knowledge transfer mechanisms involved in creativity,
analogical reasoning and problem solving into a single, practical knowledge process.
This section discusses the conclusions arising from integrating key mechanisms from across
the fields of creativity studies, problem solving, analogical reasoning and the neural theory of
language. The table below lists the conclusions in the order in which they appear in the
knowledge process described in Chapter Four. Each of these conclusions is then explicated
further below.
Knowledge transfer mechanisms

The study’s contribution
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Overall process
Integrating key mechanisms into a

Integrating mechanisms from the fields of creativity studies,

knowledge process

analogical reasoning, and generic problem solving. Analysis
of this study’s findings indicate that the resulting knowledge
process assisted novices to systematically generate new
actions derived from extra-domain knowledge

Use of a generation protocol throughout

Extends Dunbar (1995,1997) use of a production paradigm

the knowledge transfer process

into the development of schemas in the context of novices
addressing an ill structured problem.

Focal attention

Generating novelty by focussing attention rather than
defocussing attention (cf. Howard Jones and Murray 2003) at
the solution generation stage, i.e., linking to distant source
situations and blending new actions to address the forests and
climate change problem

Problem Framing
Developing generic schemas for the ill-

Limiting the number of words that novices use to represent a

structured problem

complex, ill-structured problem

Focussing on relations between the

Directing novices to focus on relations and not just the

problem elements

superficial aspects of the problem

Idiosyncratic structuring of the ill-

Directing novices to develop their own idiosyncratic schema

structured problem

that, theoretically speaking, reflects their pre-existing
structuring of knowledge (as opposed to seeking or learning a
‘correct’ representation of the problem).

Minimising the use of words in generic

Using three mechanisms in series: First, developing a text

schemas.

based schema followed by developing an ideographic schema
and then replacing concrete nouns with generic terms in both
schemas.

Solution generation
Generic schemas as priming device

The directed use of an abstract generic schema as a priming
device

Incubation

Confirms previous findings (Segal 2003) that an incubation
period is not required for novices to break their fixation with a
problem.
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Convergent thinking

At the problem generation stage instructing novice’s to focus
on their generic schema can lead to divergent source situations

Fixation and mechanical memory

At the problem generation stage instructing novices to fix on
their generic schema may engage the novice’s mechanical
memory to link with distance source situations.

Conceptual blending and the

The abstracted-ness dimension can play both a productive or

abstractedness dimension

constraining role in the transfer of knowledge between
domains.

6.1.1 Overall process
This section draws three conclusions that relate to the study’s knowledge process as a whole.
This section is then followed by conclusions that relate to specific stages of the knowledge
process.
6.1.1.1 Integrating	
  mechanisms	
  into	
  a	
  directed	
  knowledge	
  process	
  	
  
A directed process that has the explicit purpose of evoking and using extra-domain
knowledge is not evident in the literature. Findings from Chapter Four and Five support the
study’s innovative integration of analogical reasoning and creativity phenomena and their
placement along a generic problem solving process. Analysis of the study’s findings indicates
that the integration facilitated novices’ access to extra-domain knowledge in a more targeted
and traceable manner than spontaneous evocation of an analogy. The researcher co-opted
Holyoak’s (2005) model of the core analogical reasoning components: source and target
analogs, inferences and schema mechanism, the four analogical reasoning processes: retrieval,
mapping, transfer, and learning, and the well established, creativity phenomena of priming,
focal attention and convergent thinking and placed them into a generic problem solving
process. The final instantiation of the knowledge process is shown in figure 6.1 below. The
final knowledge process varies slightly from the initial integration described in Chapter Four
and shown in figures 4.1 and 4.2.
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Figure 6-1. The final knowledge process illustrating analogical reasoning mechanisms placed along a
generic problem solving process.

The integration of these mechanisms and instantiation in a directed knowledge process for use
in addressing an ill structured problem has not previously been reported in the literature. The
rest of this section discusses the remaining contributions that this thesis has made in light of
this integrated process.
6.1.1.2

Use	
  of	
  a	
  generation	
  protocol	
  throughout	
  the	
  knowledge	
  process	
  

The second contribution arising from this study was extending Dunbar’s (1995,1997) use of a
production paradigm into the development of schemas in the context of novices addressing an
ill structured problem. The current study, in using an ill structured problem that lacks a
‘correct’ solution, was primarily interested in assisting novices to generate novel actions
based on their experience. Presenting novices with domain exemplars of the problem has
been shown to constrain the generation of novel ideas (Christensen and Schunn 2007). By
way of contrast, this study employed a knowledge process that directed novices to develop
their own idiosyncratic generic schemas. This approach led the novices to not only link to
source situations removed from the forests and climate change domain but also led them to
generate new actions to address this complex, ill structured problem.
6.1.1.3 Focal	
  attention	
  
The study’s third contribution was to assist novices to generate new actions by directing them
to focus on specific elements at three key stages of the knowledge transfer process and by
providing them with a single goal for each stage. The researcher concludes that, in contrast to
other studies instructing problem solver to de-focus their attention to generate novel solutions
(e.g. Amabile 1996; Brophy 1998a), novices addressing complex, ill structured problem can
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harness the phenomenon of focal attention to generate novelty. Focussing on specific
elements present in each of these stages assisted the novice to use those elements in a
purposeful and systematic manner. In particular, instructing novices to focus solely on their
generic schemas resulted in novices linking to distant source situations removed from the
forests and climate change problem. In turn, these distant source situations resulted in novices
generating novel (to the participant) actions to address the forests and climate change
problem. Similarly, focussing novices’ on recalling lessons learned from their source situation
led them to generate actions based on those situations and not to simply rely on just using
generic concepts that lie outside of the source situation or to modify actions that they had
previously identified.

6.1.2 Problem framing stage
This section draws five conclusions relating to the problem framing stage of the knowledge
process. Each of these conclusions involves an innovative application of an established
mechanism or principle.
6.1.2.1

Developing	
  generic	
  schemas	
  	
  

The study’s first innovation at the problem framing stage was directing novices to develop
their own idiosyncratic generic schema. This proved to be central to novices linking to distant
source situations. The phenomenon of novices spontaneously linking with analogies from
other domains during idea generation stages of problem solving has been demonstrated
(Ahmed and Christensen 2009, Christensen and Schunn 2007). Additionally, a small number
of studies have shown that novices can use structural relations (the basis of a schema), not just
superficial elements, to map analogies (Bearman, Ball and Ormerod 2007). To date, however,
the literature has not reported novices purposefully using idiosyncratic schemas to
systematically link with distant source domains.
Four further small innovations underlie the systematic process used to guide novices in
developing their generic schemas as follows. First, limiting the number of words that the
novices could use to represent the ill structured problem forced each novice to impose a
concise structure on the problem. The study findings indicate that all novices were able to
develop schemas that were more structured, less complex and more abstract than the problem
that was presented to them.
Secondly, instructing to focus on the relations between the problem elements helped to
minimise their attention on the superficial elements within the problem. The study findings
indicate that most participants were able to identify structural relations between problem
elements and then subsequently evoke source situations related to those relations. That is,
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most novices’ source situations could be traced to structural relations within the target
problem not its superficial characteristics.
Thirdly, permitting novices to impose their own structure on the complex, ill-structured
problem assists them to link to relevant source situations. From a theoretical perspective, in
light of the cognitive mechanisms discussed in Chapter Two, the researcher assumed that each
novice would orient themselves towards the problem using the same knowledge structures
(conceptual schemas in particular) that each uses repeatedly to make sense of their
environment. Accepting this assumption means that one could logically expect each novice to
structure the target problem in a similar way to how each has structured past more familiar
problems. In support of this theoretical proposition the findings from Chapter Five suggests
that novices did indeed impose their own idiosyncratic structure on the forests and climate
change. Further, the findings also indicate that most novices linked to source situations that
shared at least a partially similar structure with the forests and climate change problem.
Fourthly, the researcher concludes that using three key mechanisms in series has assisted
novices to link with source situations from other knowledge domains. First, developing a text
based schema, an ideographic schema and then replacing concrete nouns with generic terms
in both the schemas. Findings from Chapter Two indicated that abstracting novices’
representation of the problem and its linguistic content to a more generic plane could facilitate
their evocation of more distant source situations. To develop a generic schema it was
necessary to remove the problem structure from the problem domain. This was achieved by to
replacing or removing the linguistic terms that tie elements of the problem schema to a given
domain. Thus, substituting the term ‘object x’ for the term ‘tree’ helps to remove the element
from a given domain but importantly, the relationship between the element and other elements
within the problem schema remain. Adopting Feldman’s (2008) model the researcher
conjectured that making the schemas generic would minimise the firing of networks
associated with the frame’s linguistic terms (eg trees, CO2). Given the text-based nature of
the knowledge transfer process it was impossible for novices not to use some terminology.
Instead, stage two of the knowledge transfer process guided novices to substitute the concrete
forests and climate change frame and associated linguistic terms with an abstract conceptual
frame that used abstract conceptual linguistic terms. In neural theory terms the problem
element is no longer tied to the problem frame and requires re-interpretation to make sense.
The re-interpretation now takes place in a more abstract generic domain.
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6.1.3 Solution generation stage
This section draws five conclusions relating to the solution generation stage of the knowledge
process. One of these conclusions confirm findings previously reported in the literature while
another extends current knowledge and three of the conclusions involve an innovative
application of an established mechanism or principle.
6.1.3.1 Incubation	
  period	
  
The researcher concludes that in the absence of an incubation period most novices were able
to break their ties with the target problem and link to source situations removed from the
forests and climate change domain. These findings support Segal’s (2003) position that
requiring the problem solver to undertake an active cognitive task can also serve as a form of
incubation. More intriguingly, the active cognitive tasks required in the knowledge transfer
process still required novices to think about the problem but thinking about the problem in an
abstract way. Attention was focussed on abstracting the problem structure away from the
concrete domain of forests and climate change. The study findings showed novices,
subsequent to listing actions to address forests and climate change, were able to generate
‘new’ actions to address forests and climate change without ever taking a break from the
problem. Moreover, the new actions could be traced to the source situations that were distinct
from forests and climate change. This conclusion is in contrast to a number of creativity
researchers who argue that an incubation period is necessary to reduce a problem solvers
fixation with a given problem. They suggest that individuals take a break from thinking about
the problem (Seifert, Meyer, Davidson, Patalano, and Yaniv 1994). It could reasonably be
argued that this study’s novices may also have derived new actions after taking a break and
then returning to the problem. For those contexts however, requiring a speedy resolution to a
problem situation, the use of this study’s knowledge transfer process may be more
appropriate.
6.1.3.2

The	
  abstracted-‐ness	
  dimension	
  

The researcher concludes that the abstracted-ness dimension is critical to the knowledge
process. Findings from Chapter Five indicate that the abstracted-ness dimension can play both
a productive or constraining role in evoking and using extra-domain knowledge. In a
productive role the abstract dimension was key to novices using their source situations to
develop new actions to address the forests and climate change problem. First, by directly
transferring an abstract concept present in their lessons learned. Here the abstract concept is
expressed in terms that could apply across multiple domains for example, the term
‘equilibrium’. Secondly, some novices used an unstated, abstract concept common to their
lessons learned to derive new actions. For example, participant twelve lessons learned:
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“smile, kill’em with kindness” reflects a positive attitude that they translated into actions:
“Engage with stakeholders in good faith – open mind, listen” (CS12).
The current study also shows that the abstract dimension can constrain novices to using
knowledge from within a domain. For example, a number of novices used the same abstract
concept in both their initial actions and then again in their evoked lessons learned. The
concept was present in two distinct domains because of its abstract nature.
These polar roles highlight the importance of attending to the abstracted-ness dimension at
different stages in the knowledge transfer process. For example, recalling lessons learned
requires instructions that emphasise to the problem solver the need to recall and describe
examples of concrete-level lessons learned. By way of contrast, when individuals are blending
lessons learned with the target problem the use of abstract concepts is essential to them being
able to move knowledge from the source situation domain to the target domain.
6.1.3.3

Schemas	
  as	
  priming	
  devices	
  	
  

The first innovation at the solution generation stage was to purposively use novices’ generic
schemas as priming devices. Novices’ purposefully using an idiosyncratic schema of an ill
structured problem to prime linkages with a distant source situation has not been reported.
The researcher concludes that novices consciously using their idiosyncratic, generic schema
as a priming device has assisted them to link to distant source situations. Findings from
Chapter Five indicate that the targeted priming appears to have assisted most novices to evoke
source situations structurally related to the forests and climate change problem but remote,
content-wise. Further, the findings indicate that the priming effect has lead to more distance
source situations that the novices initial spontaneous evocation of source situations. These
findings support research from creativity studies that found individuals generate more novel
ideas when using abstract principles (Ward Patterson & Sifonis 2004). Similarly, from an
education perspective, Bassok & Holyoak (1989) argue that abstract procedural knowledge
allows a problem solver to solve problems across a range of different knowledge domains.
Importantly, in developing their own schemas each novice was conscious of their
representation of the underlying structure of the forests and climate change problem before
the link to the source situation was made.
6.1.3.4

Convergent	
  thinking	
  

A second key innovation at the solution generation stage was focussing the attention of the
problem solver at the solution generation stage as opposed to defocussing their attention (this
contrasts with most other studies e.g. Brophy 1998a). In creativity studies the accepted
position appears to be that convergent and divergent thinking are seen as being required in
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cyclical fashion through the creative problem solving process. At the solution generation
phase researchers emphasise divergent thinking as the means of generating new ideas
followed by convergent thinking to assess the utility of each idea (Brophy 1998a; see for
discussions on the positive correlation between creativity and divergent thinking Mumford et
al. 1998; Runco 1991; Vincent et al. 2002). Similarly, Amabile (1996) suggests that problem
solvers given a single goal are less likely to generate novel solutions as their thinking
becomes convergent. By way of contrast, findings from Chapter Four and Five indicate that
convergent thinking can also yield divergent results. Contrary to Howard-Jones and Murray
(2003) enjoinder to de-focus attention at the solution generation stage, this study has found
that focussing the problem solver’s attention onto a more abstract representation of a problem
in a convergent manner primes associations with distant knowledge domains.26 The result is
new actions derived from distant knowledge domains that would normally be seen as
resulting from ‘divergent thinking’. That is, rather than problem solvers defocussing on the
problem (divergent thinking) and ‘brainstorming’ ideas to generate novelty, the knowledge
transfer process achieves a form of ‘divergent linking’ by converging on an abstraction of the
problem (convergent thinking) at the solution generation phase. Similarly, analogical
reasoning studies have found that, within in-vivo settings, analogies are frequently generated
when participants including novices are discussing ideas (e.g. Ahmed & Christensen 2009);
hypothesising (Dunbar 1995;1997) and generating solutions (Christensen and Schunn 2007).
The type of thinking, however, used during these studies was not reported.
6.1.3.5

Fixation	
  and	
  mechanical	
  memory	
  	
  

The study’s third small innovation at the solution generation stage concerns the purposeful
harnessing of what has been referred to in the creativity literature as ‘mechanical memory’,
the tendency to invoke non-conscious, pre-existing networks of knowledge associated with
the concepts and terms used to frame a problem. (Simonton 2004:480). Typically mechanical
memory has been seen as a barrier to associating with new knowledge domains and ideas
because the framing of the problem takes place at the concrete local level using concepts and
terms tied to a particular knowledge domain. As discussed above the innovation with the
knowledge transfer process was to construct the schema and then substitute abstract terms for
concrete terms while still keeping the schema’s structure in place. Instructing the novice to
focus on the generic schema, theoretically speaking, still harnesses the mechanical memory

26

We also know that working through an example can ‘prime’ a problem solvers mind (for at least 24 hours Schunn &
Dunbar 1996; see also Christensen and Schunn 2005).
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but instead invokes association with a different set of generic source situations from domains
different to the forests and climate change domain.

6.1.4 Key parameters for using the knowledge process in the field
Findings from Chapter Four indicate that the LINK instrument became increasingly
sophisticated, as it was iteratively refined. A number of conclusions can be drawn from the
use of the knowledge instrument including its limitations and constraints. The current study is
exploratory and for evaluative purposes used a single problem, that of forests and climate
change. Further trialling of the knowledge process using other problems would need to be
conducted to be more confident of the efficacy of the knowledge process in helping problem
solvers.27 This caveat aside three parameters are evident regardless of the problem being
addressed.
The knowledge instrument is best used with an instructor present. Findings from Chapter
Four show that during the conduct of the knowledge transfer sessions participants required
reassurance that they were responding to directions correctly. For example, one participant
using the stand-alone procedure diverged from the knowledge transfer process and used her
own problem solving approach to derive actions to address the forests and climate change
problem. Had the researcher been present they could have reassured the participant that her
different problem solving approach was valid but for the purposes of the study she were being
asked to put this aside. Given the relatively small number of participants in this exploratory
study it is possible that further trialling could reveal other unforseen problems.
A second parameter to consider concerns the amount of time it takes to conduct the current
knowledge process. Findings from Chapter Four show that the knowledge process is quite
demanding cognitively. Participant feedback indicated that an hour appears to be approaching
the limit that people could concentrate, in one session, on the knowledge process.
Finally, it was clear from case study one that the current knowledge process is a text-based
protocol requiring participants to write down their own responses. In its current form it is not
possible for a third party to record the participant’s responses to each step. The demanding
cognitive steps required of the participant, the concentration required of participants, the level
of specificity required of participants in stage two of the knowledge process and the risk of
the researcher misinterpreting the participant’s responses, all mitigate against the current
version of the knowledge instrument being used in a purely oral way.

27
Two instances did occur during trialing of the LINK instrument in which another problem was addressed using the LINK
instrument. In one of these cases the LINK process assisted the participant to generate a novel action to a work problem.
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6.2 Systematic access and use of extra-domain knowledge
Chapter Five addressed Research Objective Two:
To explore the extent to which novices are able to use the knowledge process to
systematically access and then use their extra-domain knowledge to address a
complex, ill structured, concrete problem.
This thesis has found that novices were able to use the knowledge process to systematically
access and use their own extra-domain knowledge to develop new actions that address the
complex, ill structured problem of forests and climate change. Chapter Four and Five
findings indicate that each of the three stages of the knowledge process facilitated most
participants’ thinking in the manner in which the process intended.
The orientation stage of the knowledge process captured the participants’ immediate
understanding of the forests and climate change problem along Jonassen’s (1997, 2000) three
dimensions. Importantly, the participants’ written responses at this stage also provided
baseline information sufficient for comparison with their subsequent responses in the action
generation stage.
The steps in the schema development stage assisted all but one participant to describe in some
detail an underlying structure to the forests and climate change problem. This supports
previous research indicating that novices are capable of identifying structural elements not
just superficial problem elements (e.g. Ahmed & Christensen 2009; Bearman, Ball &
Ormerod 2007; Blanchette and Dunbar 2000, 2001). The current study differs from most
other studies however, in the type of problem and the process used to approach the problem.
The current study instructed novices to impose a structure on a complex, ill structured
complex problem. This type of problem has no existing exemplars or case studies on which to
draw (c.f. Ahmed & Christensen 2009; Christensen and Schunn 2007). Thus, the forests and
climate change problem differs from a standard concept design stage in a design setting. The
forests and climate change problem is less structured and more complex and first requires
structuring by the problem solver. Additionally, in contrast to most other studies, novices
were following a directed protocol that requires participants to write down an abstraction of
the problem, as opposed to solely speaking or writing down aspects of the problem as they
occur to the novice (e.g. Ball, Ormerod and Morley 2007; Dunbar 1995,1997). Following the
written instructions, most participants developed a generic schema that was reduced in
complexity, increased in structured-ness and increased in abstracted-ness when compared to
the forests and climate change problem.
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The findings from Chapter Five indicate that the knowledge instrument affected the type of
source situation that the participant generated along three dimensions: the distance from the
original forests and climate change problem; the structure of the source situation; and the
complexity of the source situation. Novices’ purposefully using an idiosyncratic schema of an
ill-structured problem to prime linkages with a distant source situation has not been reported.
A small number of studies report novices generating distant source analogs when discussing
ideas or discussing conceptual elements in design settings (e.g. Ahmed and Christensen
2009).
Chapter Five concluded that the majority of participants’ generic schemas influenced their
source situations in one of five ways. First, abstract to concrete full structural substitution
where the structural elements in the generic schema were reflected in a concrete source
situation. Second, abstract to concrete partial structural substitution where the structural
elements in the generic schema were partially reflected in a concrete source situation. Third,
abstract to concrete conceptual substitution where conceptual elements within the generic
schema were present in the concrete source situation. Fourth, abstract to abstract
categorisation where the participants appear to have used the generic schemas to evoke a
categorisation to which the generic schemas belong. Fifth, abstract to abstract conceptual
substitution where one participant generated an abstract source situation based on a similar
abstract concepts present in their generic schema. Finally, Chapter Five concluded that the
majority of participants’ source situations were of similar complexity to their generic
schemas. Mapping of structure between analogs lies at the heart of analogical reasoning
(Gentner 1983; Holyoak 2005). The novelty in the current study is not that this structural
mapping has occurred but the targeted manner in which novices generated the source analogs
and the purposeful use of knowledge associated with the source analog.
The knowledge process sought to facilitate novices’ access to, and use of, their own extradomain knowledge in order to develop actions that could help address the forests and climate
change problem. Findings from Chapter Five show that two thirds of novices generated at
least one new action to address the forests and climate change problem. Analysis of findings
shows that these novices derived ‘new’ actions to address forests and climate change not from
abstract principles but from a springboard of concrete actions from their (source situation
based) lessons learned complex. That is, they were able to take concrete lessons learned from
their source situation and blend those actions to address the forests and climate change
problem. Further, novices used concepts, elements or relations between elements present in
their lessons learned to derive the actions. Importantly, the new blended actions were shown
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to differ from participants’ initial sets of actions identified in the orientation stage of the
knowledge process.

6.2.1 Systematic effect of the knowledge process
This thesis concludes that the knowledge process has assisted novices to systematically
address the forests and climate change problem. The thesis argues that the methodical
sequence of steps in the knowledge process resulted in novices’ conscious and focussed
access to their extra-domain knowledge. Findings from Chapters Four and Five have shown
that by transforming the ill structured forests and climate change problem into a more
structured and abstract form, the precise basis for the generation of analogies is known. The
imposition of a structure onto an ill structured problem through the use of a schema provides a
selective and traceable mechanism for addressing ill structured problems. Analysing and
tracing participant’s representation of their thinking, i.e. snapshots, at specific points
throughout the knowledge process was critical. In this manner the researcher was able to gain
an indication of the extent to which the participants’ representations were systematically
influenced by the knowledge instrument rather than by chance. That is, in making the implicit
explicit, the knowledge process assisted novices to more consciously evoke their relevant
experience and knowledge. This approach differs from other studies in the analogical
reasoning field exploring novices’ in-vivo generation of analogies in response to problematic
situations (e.g. Ahmed and Christensen 2009; Bearman Ball & Ormerod 2007; Christensen
and Schunn 2009).

6.2.2 Comparative design and tracing novices’ movement in thinking
The study’s comparative design described in Chapter Three provides support for the
researcher’s conclusion that the knowledge process assisted novices to systematically evoke
extra-domain knowledge and use it between problem domains. Findings from Chapter Five
indicate that most novices were able to systematically link to a source situation based on their
generic schema and then list lessons-learned from their source situations. Phase three novices’
source situations were different and more distant from the forests and climate change domain
than source situations ‘spontaneously’ generated at the orientation stage of the process.
Should the knowledge process not had an impact then it would be reasonable to expect these
novices to evoke similar, if not the same, source situations in stage three as they did in stage
one. Significantly, only one novice’s set of source situations appeared to be connected. The
second critical comparison point to support the knowledge process’s influence on novices was
comparing the actions that they generated. The comparative design enabled novices’ new
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actions to be compared to their initial actions. Findings from Chapter Five indicate that two
thirds of novices derived ‘new’ actions to address the forests and climate change problem28.
The researcher’s second means of strengthening the study’s conclusions was being able to
trace novices’ movement in thinking. The novices’ own recordings permit the researcher to
more clearly illustrate the participant’s flow or movement in thinking as they moved through
the knowledge process. These tracings clearly illustrate the different dimensions of an
individual’s conceptualisations of a problem as well as comparing the different ways
participants approached the forests and climate change problem. For example, as shown in
Chapter Five Figure 5.14, four patterns of thought could be traced among the sixteen
participants when they developed their generic schemas.

6.2.3 Novices flexibility in thinking
Finally, the study concludes that novices in an individual setting, when guided, can be
remarkably flexible in their thinking throughout the knowledge process. This conclusion is
complementary to Bearman, Ball & Ormerod’s (2007) who studied novices (in group
settings), but differs from other studies that have shown novices to be mostly constrained in
their thinking in spontaneous settings (e.g. Ahmed and Christensen 2009). Analysis of the
study’s profiling data indicates that the novices moved along the three dimensions of the
problem: abstracted-ness, complexity and structured-ness, at different points in the knowledge
process. The degree of movement varied among participants but a number of key patterns
emerge. Novices were able to represent the complex ill-structured problem in a summary
(schematic) way by reducing its elements, focussing on relations between the remaining
elements, employing abstract concepts to describe relations and by replacing concrete terms
with abstract ones. Similarly, novices were also able to translate concrete actions from one
domain into new actions in the completely different domain of forests and climate change.
Analysis revealed that novices frequently used abstract concepts when transferring knowledge
between domains, i.e., using knowledge from the source domain to develop new actions in the
target domain.
Finally, instructing novices to write down their representations maintained their focus and
allowed them to be consciously aware of what they are focussing on. This permitted a more
systematic exploration of the ill-structured problem than non-directed spontaneous protocols
reported in the literature.

28

A third of novices developed actions that were similar to their initial actions, despite evoking source situations
distant to forests and climate change.
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6.3 Limitations of the study
Silverman (2005, p.80) cautions against research studies that either attempt to ‘say a little
about a lot’, a type he calls the ‘kitchen sink gambit’ or studies that remain exclusively at the
theoretical level, a type that he called ‘grand theorist’. The current study walks a middle line
drawing a number of firm conclusions about the specific instantiation of the knowledge
instrument and then suggests implications for the underlying theories. However, the findings
of this thesis are constrained by the exploratory nature of the study; the qualitative approach,
the subjective analysis employed and the complexities involved in evoking and using extradomain knowledge. The need to facilitate analysis across multiple cases required the use of a
single exemplar of a complex, concrete, ill-structured problem –that of forests and climate
change, and a specific cohort of problem solvers – adults who are non-experts in the field of
deforestation and climate change. Similarly, the complexity involved in developing and
trialling a blended knowledge process in the form of an instrument, derived from different
fields of research, has limited the number of cases. For example, this limitation meant that a
control group design could not be employed. Consequently, the findings of this study are
constrained to its given parameters. Further trialling outside of the current study’s
parameters, is needed before the utility of the knowledge process can be firmly established.
In particular, increased numbers of cases need to be trialled to permit quantification and hence
validation/and or rejection of this study’s promising findings.

6.4 Future Research
The thesis demonstrates that the study’s prototype knowledge process provides a promising
tool for systematically mining an individual’s knowledge. The thesis concludes that
knowledge process warrants further trialling and exploration in other contexts that require the
unlocking of context-bound knowledge. There are a number of contexts that the researcher
sees as particularly compelling for further examination. The first is examining the extent to
which the current study’s findings can be generalised more widely. The knowledge process
requires further external validation and would benefit from more extensive trialling, including
with other complex problem solving contexts, with other problem types and other problem
solvers. The second context is exploring the abstracted-ness dimension of problems through
the integration with methods used in other research fields including personal construct
psychology. A third context is further integration of Feldman’s neural theory of language and
mechanisms with analogical problem solving models and methods. Each of these
opportunities is now briefly discussed.
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The thesis has demonstrated the efficacy of the current version of knowledge process in
assisting a single type of problem solver, adult novices, address a single ill structured
problem, forests and climate change. The prototype instrument, however, could potentially be
applied to other problem solving contexts, problem types and problem solvers.
First, to confirm the validity of the current study’s findings will require quantitative trialling
of the LINK instrument. In addition, now that a more sophisticated LINK instrument and set
of protocols is in place future studies could seek to answer more specific research questions
such as “perseverance”. Using a control group the quantitative trialling could determine
answers to such questions as “Would novices eventually link to distant source situations if
they were asked often enough or they persevered long enough?” Similarly, the frequency of
idea generation at each of the LINK stages could by examined and compared between a
control group and LINK group. Finally, building on known characteristics and experiences of
a specific cohort of participants a future study could develop an explanatory account of “why
does the LINK process generate such extensive individual differences generated at each stage
of the LINK process?”
Secondly, the knowledge process could be used as a ‘formal method’ for investigating the
access and retrieval of analogues with other problem types and in other settings, for example
design problems in case-based reasoning contexts (Ball, Ormerod and Morley 2004) or
educational instruction. Novick and Bassok (2005 p. 347) have called for more research on
the use of problem solving approaches by students. In particular, research that illuminates
how students ‘construct meaning and infer structure’ when faced with messy problems.
Similarly, Jonassen (2010) posits that analogy as a problem solving approach shows promise
for addressing both well structured and ill structured problems but notes that further research
is required into how analogical methods could be used to train problem solvers. With further
refinement, the knowledge process and instrument could be adapted for use by students in an
educational setting.
A third area for the trialling of the knowledge process involves contexts where ‘pre-loaded’
protocols are being used to provide the problem solver with a ‘convergent’ schema for a
specific set of problems. The knowledge process could be used to illuminate how a novice
initially structures a problem. This illumination would provide the instructor with a clearer
idea of the gap between the novices structuring of the problem and the correct structuring of
the convergent schema.
Fourthly, the knowledge process could be further trialled with novices in a research design
that reuses the process on a different aspect of the same the same ill structured problem. The
knowledge process’s focussing steps mean that, potentially, many aspects of the ill structured
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problem are ignored. Capturing the problem solver’s representations however, allows the
problem solver to be consciously aware of the specific aspect of the ill structured problem that
they have focussed on. Consequently, the problem solver could recalibrate their schema to
focus on a different aspect of the problem. Having mined one aspect of the problem, the
problem solver could systematically target different aspect of the same problem.
Fifthly, the knowledge process could be trialled with domain experts who require either a
novel way of understanding or re-constructing an intransigent problem. In this problem
solving context, where known, but unsatisfactory solutions exist, it would also be possible to
determine the value of the responses resulting from use of LINK. Indeed, the researcher used
the knowledge process with a constitutional law expert using a complex legal problem
supplied by the expert. Encouragingly, the expert reported that the knowledge process
provided a novel perspective that challenged the merits of his first opinion.
Further research expanding on the abstracted-ness dimension of a problem is warranted. The
current study, in line with other studies such as Ball, Ormerod and Morley (2004) recognise
that the abstracted-ness of a problem is a key dimension in the sourcing of extra-domain
knowledge. Findings from Chapter Five indicate that study participants were able to develop
abstracted, generic schemas to represent the ill structured problem of forests and climate
change. They then used those schemas to link with their own extra-domain knowledge to
generate new actions to address the problem. A number of aspects concerning a problem’s
abstracted-ness invite further exploration. First, at a theoretical level the notion of a
problem’s abstracted-ness would benefit from ideas present in two other research fields – Max
Boisot’s (1998) information processing and George Kelly’s (1955) Personal Construct
Psychology. For example, one difficulty for problem solvers is how to re-present the problem
structure in a more concise and abstract manner. Translating Boisot’s (1998) notion of
economy in information processing at an organisational level down to an individual level
would be a useful line of inquiry. Boisot proposes that an organisation’s knowledge assets
could be more readily diffused through the twin processes of abstraction and codification.
Knowledge can be more easily transferred between domains when the complexity of
knowledge at a local and concrete level can be codified i.e. represented by standardised units
and assembled and packaged in a repeatable manner, and then abstracted for use in multiple
concrete domains. These notions could usefully be translated to an individual context. For
example, one could argue that individuals use concepts to economise on their information
processing.
The second research area that could contribute to a better theoretical understanding of the
abstracted-ness dimension of a problem is George Kelly’s (1955) Personal Construct
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Psychology. Kelly argues that individuals act as scientists, attempting to ‘anticipate’ events
by placing interpretations on their experience and environment. These interpretations are in
the form of constructs that individuals use repeatedly to interpret and reinterpret their
experiences. The field of Personal Construct Psychology has developed models and
techniques for examining and ordering an individuals ‘constructs’. Of immediate interest are
two of Kelly’s (1955) fundamental postulates that describe how individuals structure their
knowledge. Kelly hypothesised that people’s constructs operate as a system and that their
constructs relate to each other in an ordinal way “Each person characteristically evolves, for
his convenience in anticipating events, a construction system embracing ordinal relationships
between constructs” Kelly (1955 p.56). When one construct subsumes a second he called the
first construct ‘superordinal’ and the second ‘subordinal’. A number of researchers have
developed human-centred methods that can be used in fieldwork to measure individuals’
concepts of superordinate and subordinate constructs. Hinkle (1965) cited in Fransella &
Bannister (2004) developed a widely cited method for ordering a person’s constructs in terms
of their importance in a belief system. Ross adapted the laddering concept for use in more
informal methods of inquiry (Ross 1987).
Finally, this study represents a small step in applying a nascent embodied cognition model of
language and understanding to a human-centred knowledge transfer instrument. Lakoff
(2008) has recently proposed a ‘Neural Theory of Metaphor’ using a number of concepts
proposed by Feldman and Narayanan (2004). The opportunity exists to further integrate
Feldman’s (2008) model and concepts with the dynamic and complex cognitive phenomena
of problem solving and creativity. Indeed the opportunity can be no better expressed than the
Holyoak, Gentner and Kokinov (2001 p.2) reflection on the relationship between abstract
representations of a problem and the use of analogies:
“the ability to pick out patterns, to identify recurrences of these patterns despite variation in
the elements that compose them, to form concepts that abstract and reify these patterns, and to
express these concepts in language”.
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Attachment A:

Participant Data

Location
ACT

ID #

Version

Age

Gender

Procedure
1 or 2

Case #

Data usage

Participant’s home

1

1

25-50

M

1

1

Did not complete
No written data
Only instrument
data used

Researchers home

2

1

25-50

M

1

2

Instrument and
impact data

Restaurant

3

2

25-50

M

1

3

Instrument and
impact data

Restaurant

4

3

25-50

F

1

4

Instrument and
impact data

Researcher’s home

5

3

16

F

Restaurant

6

4

25-50

M

No data used.
Aged sixteen years

1

5

Instrument and
impact data

Participant’s home

7

4

25-50

M

2

6

NSW
Cafe

impact data
8

5

25 -

M

1

7

50
Cafe

Instrument and

9

5

Instrument and
impact data

25-50

M

No data used.
Did not use the
forests and climate
change problem.
Provided own
problem to work
on

Participant’s home

10

6

25-50

F

VIC

2

8

Instrument and
impact data
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Cafe

11

6

25 -

M

No data used

50

Did not conduct
the session

Café/ Participant’s

12

7

25-50

F

2

9

home
Participant’s home

Instrument and
impact data

13

8

25-50

M

1

10

Instrument and
impact data

Table 3-1. Phase two participants.

Location
ACT

ID #

Versi
on

Age

Gender

Procedure
1 or 2

Case #

Data usage

Work setting

14

8

25-50

M

1

11

Impact data only

Participant’s home

15

8

25-50

M

1

12

Impact data only

Participant’s home

16

8

25-50

F

1

13

Impact data only

Instructor’s home

17

8

25-50

F

1

14

Impact data only

Participant’s home

18

8

25-50

M

1

15

Impact data only

Participant’s home

19

8

25-50

F

1

16

Impact data only

Work setting

20

8

25-50

F

1

17

Impact data only

Table 3-2. Phase three participants.
Phase two and phase three participants’ conceptualisation and solutions to the forests and
climate change problem have been listed in Tables 4.A and 4.B below. Columns two and
three titled FCC and FCCa respectively, correspond to LINK section one: defining the forests
and climate change problem and FCCa: identifying potential actions to address the forests and
climate change problem. Column four, titled Schema, corresponds to LINK section two:
developing generic schemas of the forests and climate change problem. Columns five and six
titled SSa and FCCb correspond to LINK section three: linking to a source situation and
recalling actions taken (SSa) and then developing new actions to address forests and climate
change (FCCb). Finally, a ‘1’ indicates that the participant responded to that step in a manner
intended by the knowledge transfer process whereas a ‘0’ indicates it did not.
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IMPACT DIMENSIONS
Case

FCC

FCCa

Schema

SSa

FCCb

Within

1

1

0

0

0

0

1/5

2*

1

1

1

1

1

5/5

3

1

1

1

1

1

5/5

4

1

1

1

1

1

5/5

5

1

1

1

1

1

5/5

6

1

1

1

1

1

5/5

7

1

1

1

1

1

5/5

8

1

1

1

1

1

5/5

9

1

1

1

0*

0

3/5

10

1

1

1

1

1

5/5

Cross

10/10

9/10

9/10

8/10

8/10

43/50

Table 4-A. The impact of the knowledge process on Phase Two participants.

IMPACT DIMENSIONS
Case

FCC

FCCa

Abs

SSa

FCCb

Within

11

1

1

1

1

1

5/5

12

1

1

1

1

1

5/5

13

1

1

1

1

1

5/5

14*

1

1

1

0

0

3/5

15

1

1

1

1

1

5/5

16

1

1

1

1

1

4/5

17

1

1

1

1

1

5/5

Cross

7/7

7/7

7/7

6/7

6/7

33/35

Table 4-B The impact of the knowledge process on Phase Three participants.
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Attachment B: LINK Instrument Version eight
Linking Knowledge
An exploration

29

Perspective and problem solving
We all successfully solve problems on a daily basis. Consequently, over your lifetime
you will have used a range of different methods to solve problems. Today you will be
asked to put these approaches aside to try a prototype process called LINK.
LINK aims to help you view a complex problem from a perspective that you may not
initially have thought of. Alternative perspectives are important as research shows
that individuals can gain insights into problems by applying their knowledge of
unrelated situations.
The LINK process. The LINK process has three stages. Each stage is designed to
capture your thoughts and ideas. It is important to understand that there are no right or
wrong answers to the questions in each stage.
Time: The three stages in total will take approximately 1 hr to complete

29

http://foto.worth1000.com/entries/58749/58749-warm-glow
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Stage 1. Describing the problem
Many times when you confront a situation, especially a situation with which you are
only vaguely familiar, you have to act on limited information. Stage 1 of the LINK
process aims to capture your immediate understanding of the forests and climate
change issue. Assume that you only able to act on your current level of understanding
of forests and climate change.

1. Take 5 minutes to read and think about the forests and climate change issue in Figure 1
below. Jot down any thoughts you have below.
Forests and Climate Change
Forests are one of the greatest environmental challenges—and
opportunities—facing the world in the 21st century. Forests
are well known for their ability to absorb carbon dioxide, but
when they are destroyed they release CO2 into the air. This
helps explain why Indonesia, a developing country with high
rates of forests, now has one of the highest emissions rates in
the world.
Forest loss contributes as much as 12-15% to annual
greenhouse gas emissions, about the same as the entire global
transportation sector. It will be practically impossible to avoid
dangerous climate change without addressing this problem.30
Figure 1: Forests and Climate Change

30

http://www.wri.org/stories/2010/03/forests-climate-change-and-challenge-redd visited on 29 April 2010
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2. If you were in charge of responding to this issue what actions do you believe should be
taken? In the space below list as many actions as you can think of.

3. Does the climate change problem remind you of other situations? In the space below list
as many situations as you can think of.

Thank you that concludes Section 1 of the LINK process
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Stage 2. Abstracting the problem
Stage 2 of the process aims to help you uncover an underlying structure to
forests and climate change. Questions 4 to 9 follow a brainstorming pattern that
first gets you to identify elements of forests and climate change and then asks you
to consolidate those elements into your own concise problem statement.
4. Most complex problems can be broken down into a number of key elements.
These include:
Agents (noun phrases eg large cars, government departments, etc)
Factors (doing phrases eg frowning causes wrinkles)
I would like you to re-examine the forests and climate change issue in Figure 1
and write down the agents in the forests and climate change issue.

5. Write down the main factors present in the forests and climate change problem
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6. Using your answers to questions 4 and 5 in 30 words or less write your own
problem statement describing the forests and climate change problem. Remember
use no more than 30 words

7. Using your problem statement from question 6 draw a diagram that describes how
the agents and factors involved in forests and climate relate to one another. Use
arrows to denote how they relate to one another.
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8. Go back to question 6 and underline each of the nouns in your problem statement.
In the space below rewrite your problem statement but substitute a generic term
for each noun that you have underlined. For example, forest = object A; person =
agent X , climate change = outcome

9. Redraw your diagram from question 7 but use the generic terms you used in
Question 8.

Thank you. That concludes Stage 2 of the LINK process
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Stage 3. Linkages to the problem
To complete the LINK process you will now be asked to go through a series of
steps that tap into your experience and knowledge from situations not connected
to forests and climate change.

10. Focus on the generic problem statement and diagram you have just developed in
question 8 and question 9. Does the statement and diagram remind you of
situations that you have encountered before? List the first things that come to
mind irrespective of how odd they may seem – it could be anything: a story, a
childhood memory or a situation at work.

11. Looking at your answers to question 10 select from your list the situation that you
are personally most familiar with. Write down your recall situation.

Page 245

12. Now, reflecting on your recall situation note down the lessons you learned. For
example, a ‘lessons-learned’ from a work problem might be “I need to remember
to have more fun teaching at my school”.
Lessons learned
1

2

3

4

5

6

7
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13. The final step of the LINK process is to apply the lessons learned from your recall
situation to the forests and climate change problem. This means taking your personal
experience and looking for ways to address the more general, impersonal problem of
forests and climate change. For example, “I need to remember to have more fun teaching
at my school” could translate to a forest and climate change action such as “design climate
change education initiatives that incorporate fun as a key element”
Repeat this step for as many of the lessons learned as you can from your answers to
Question 12.
Possible climate change actions
1

2

3

4

5

6

7

Thank you. That concludes the final section of the LINK process
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Instructor guidebook

The LINK Process
Guidebook
Purpose of this guidebook
To assist LINK instructors to supervise participants through a LINK session.
Contents of this guidebook
1 An agenda for the LINK session
2 Instructional scripts that explain:
1. Purpose of LINK process
2. Stages in the LINK process
3. Answers to frequently asked steps
3 An explanation for each of the three stages and the thirteen steps to help the instructor
respond to any steps that participants may raise.
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Agenda
Session

Time
(mins)

Introduction
Introduce the purpose of the session together with the information sheet and
consent forms
Stage 1 Describing the forests and climate change problem
Stage 2 Abstracting the forests and climate change problem
Stage 3 Linking new actions to addressing the forests and climate change
problem

Closure
At the end of the session remind participants that they can take for their own use
the generic LINK template at the back of the LINK form. Ensure that all consent
forms have been collected

Timing
The times are estimates only based on previous sessions. At regular
intervals it is advisable to remind people of the time and where they
should be in the process.

5
10
30
20
5
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Instructional Scripts
1 Introduce LINK as follows:
We all successfully solve problems on a daily basis. Thus, over your lifetime you will
have used a range of different methods to solve problems. Today you will be asked to
put these approaches aside to try a prototype process called LINK. LINK stands for
Leveraging Interconnected Networks of Knowledge.
LINK aims to help you view a complex problem from a perspective that you may not
initially have thought of. Research shows that alternative perspectives are an
important means by which individuals gain insights into problems.
Today we will be using LINK to address the complex problem of forests and climate
change.
2 Outline the LINK process as follows:
So what is the LINK process?
The LINK process has three stages. The three stages in total will take approximately 1
hr to complete. Each stage is designed to capture your thoughts and ideas.
Stage one gives you time to think about forests and climate change and to capture
what actions you would take in response to forests and climate change problem.
Stage two aims to help you uncover an underlying structure to forests and climate
change by following a brainstorming pattern. The brainstorming first gets you to
identify elements of forests and climate change and then asks you to consolidate those
elements into your own concise problem statement.
Stage three aims to get you to identify potential actions to address forests and climate
change by helping you tap into your experience and knowledge from situations not
connected to forests and climate change.
3 Five points to make
First, we only need you to arrive at partial solutions to the forests and climate change
problem. Forests and climate change is a complex problem with no simple solution.
Consequently, today you will only arrive at partial solutions in the form of potential
actions to address forests and climate change. This is OK.
Second, there are no right or wrong answers to the steps throughout the LINK
process. It is critical that you record your thoughts as they emerge irrespective of how
odd the response may seem, - persevere!
Third, the LINK process needs to be completed individually and not in consultation
with other participants. This is because LINK is designed help an individual address
a problem using their own knowledge and experience not that of others.
Fourth, if you have a step please ask.
Fifth, at the end of today’s session feel free to ask me for a spare LINK template that
you can use for other complex problems that you may be interested in addressing.
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LINK steps
Step Purpose of Stage 1 steps
Stage One aims to obtain information from the participant that relates to their
immediate appreciation of forests and climate change. This information can
then be compared with the “linked” information the participant records in Stage
3 of the process.
1

Focuses the participant’s attention on the forests and climate change problem
(try and leave other issues at the door!).

2

Record the participant’s initial and immediate actions to the forests and climate
change problem. Actions are partial solutions that occur to the participant at
this stage of the process. They can be big or small actions eg stop logging,
show pictures of forests to children, etc)

3

Record the participant’s immediate recollection of similar scenarios to forests
and climate change. The similar events can be anything: global financial crisis
Ash Wednesday etc. The similar events will be compared with the events that
the participant recalls in Stage 3 of the LINK process.
Often people cannot think of similar scenarios – this is OK.

Step Purpose of stage two steps
Stage Two assists the participant to derive an underlying structure to forests and
climate change. This underlying structure is the ‘link’ to similar structured
problems that the participant will have encountered before. Three elements are
important to the underlying structure: agents; factors; and the relationships
between agents and factors. It is critical that at each step the participant records
what occurs to them.
4

To help the participant identify important agents involved in forests and
climate change. There is no right or wrong, better or worse – it is critical that
the participant records what occurs to them. Agents are things – noun phrases
or nouns: animate and inanimate including people, groups, objects etc.

5

To help the participant identify important factors involved in forests and
climate change. There is no right or wrong, better or worse – it is critical that
the participant records what occurs to them. Factors are causal, doing phrases –
frowning causes wrinkles, money is the root of problems

6

To encourage the participant to think at a more abstract level and to help focus
the participant on the most important part (to the participant) of the forests and
climate change problem. It is impossible to encapsulate all aspects of a complex
problem in a detailed way in thirty words or less. There is no right or wrong,
better or worse – it is critical that the participant records what occurs to them.

7

To encourage the participant to conceptualise their problem statement with the
least amount of words as possible. Minimising the amount of words helps the
participant to remove their underlying structure from the context of forests and
climate change. Some participants may find this difficult because they come
up with very simple or complex diagrams. This is OK - persevere! Assure
participants that this is normal and a good sign.
There is no right or wrong, better or worse – it is critical that the participant
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records what occurs to them.

8

To further remove the underlying structure from the forests and climate change
context it is important that the participant use ‘generic’ terms. LINK supplies
some terms but alternate generic terms are OK as long as they do not belong
exclusively to the forests and climate change context. For example, agent,
object, element, unit, person, group, outcome, event etc are acceptable because
they can belong to multiple contexts, whereas terms like trees, vegetation,
global warming etc are to be avoided.

9

To loosen the tie between the participant’s derived underlying structure and the
forests and climate change context. This diagram is the one that is used to help
the participant ‘link’ to a problem context removed from forests and climate
change.

Step Purpose of stage three steps
Stage three assists the participant to link to a situation that has a similar
underlying structure to the forests and climate change problem in order to recall
actions that were taken in the linked situation. The participant then determines if
the recall actions can be applied to the forests and climate change problem.
10

For the participant to use the underlying structure of the forests and climate
change problem drawn in step 9 to link with a situation that they have
encountered before. The initial linkage may be just a word that then evokes a
more detailed memory. It is important that the participant notes down anything
that comes to mind without censoring the thought.

11

To focus the participant on the situation with which they are most personally
familiar. Participants will have a greater understanding and be able to supply a
greater level of detail (and hence potential actions) to situations with which they
are more familiar. The greater the participant’s understanding of the recall
situation the easier it will be for participant’s to determine applicability of the
potential actions to forests and climate change in step 13.
The act of writing down the recall situation helps the participant to recall the
details of the situation.

12

To help participants phrase their memory of the recall situation in an actionoriented way. The term ‘lessons learned’ will aid the participant in eliciting
actions from their recall situation. The lessons learned can be big or small
actions, positive or negative, abstract or concrete. For example: “the machine
was fixed by replacing the rusted parts”, “after three years of publicity the
message finally got through”; “to move forward we had to take three steps
sideways”, etc.

13

To translate actions from the participant’s recall situation to the forests and
climate change problem. Encourage participants to think laterally and record
what ever occurs to them.
Expect three types of translations i) direct application as in a lesson learned
such as “look before you leap” can translate to the forests and climate change
problem as “trial climate change initiatives in a small forest region before you
implement the initiative more widely”; ii) one-to-one translation as in a lesson
learned such as “I need to remember to have more fun teaching at my school”
could translate to a forest and climate change action such as “design climate
change education initiatives that incorporate fun as a key element”; and iii)
creative leap as in a lessons learned such as “to solve my friends feeling of
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being looked over for promotions required her to recognise a recurring pattern
through her life that went beyond the workplace” could translate to “develop
forests and climate change initiatives that incorporate all aspects of forest
workers lives.
.
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Attachment D: Participant Information Sheet Researcher-led

Participant Information Sheet
Research Project Title
LINK – A method of solving problems that enhances an individual’s ability to access their
own knowledge from outside the problem space and then apply it to the problem.

Research team
My name is Paul Dowling. I am a PhD student in Information Sciences and Engineering
Faculty at the University of Canberra.
My primary supervisor is Associate Professor Dr Craig McDonald from the Information
Sciences and Engineering Faculty, University of Canberra.

Research Project Aim
This research project trials a prototype problem solving process that increases an individual’s
ability to solve a problem using their own knowledge from outside of the problem space.

Benefits of the Research Project
This research will benefit the study of problem solving by incorporating aspects of the neural
theory of language into problem solving theory and practice. The resulting fusion will be
used to develop and trial a prototype problem solving process called LINK.

General Outline of the Research Project
The project involves sessions with up to 30 adult participants selected from the public and
private sectors. Each participant will use a questionnaire form of LINK to examine an aspect
of climate change. The researcher will take the written material and analyse the data to
understand the extent to which the LINK problem solving process enabled participants to
draw on their own knowledge unrelated to climate change. Each participant will be offered a
copy of their completed questionnaire. The results will be incorporated into the researcher’s
doctoral thesis.

Participant Involvement
Individually, each participant will be guided through a single 1 hour, 3 stage problem solving
process in the form of a questionnaire. Stage 1 requires the individual to i) frame the problem
in their own words ii) identify the key factors involved in the problem and iii) identify actions
that they believe should be taken to address the problem.
Stage 2 helps the individual to identify the essential elements of the problem. The individual
is then asked to replace the names of these essential elements with generic terms. The
individual is then asked if the generic description of the problem reminds them of a similar
situation that they have encountered before.
Stage 3 requires the individual to i) frame their similar situation in their own words ii) identify
the key factors involved in the situation and iii) identify actions that were taken or in
hindsight could have been taken to address the similar situation. Finally, the individual is
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asked to reflect on the actions taken and then decide if they prompted any additional insights
into the forests and climate change problem
The session can take place in a quiet room at a location of the participants choosing.
Each participant will be offered a copy of their completed questionnaire.
Participation in this project is voluntary and participants may, without any penalty, decline to
take part or withdraw at any time without providing an explanation.

Will the participants remain anonymous and confidential?
Each session will be given a number for analysis purposes but no identifying information is
kept once the session is concluded. This preserves the anonymity and confidentiality of the
participants.

Who will access participants’ responses?
The data provided by the participants will be used as part of the researcher’s doctoral thesis.
Participants’ responses will not be used for any other purposes.

Data Storage
Participants’ data will be stored at the University of Canberra for a period of five years. This
provides sufficient time to justify the outcomes of the research and to defend them if they are
challenged. After five years the data will be shredded.

Ethics Committee Clearance
This project has been approved by the Committee for Ethics in Human Research of the
University of Canberra.

Queries and Concerns
For further information on the research project or for answers to queries please contact Paul
Dowling 042127111 email paul.dowling1@optusnet.com.au.
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Consent Form
Research Project Title
LINK – a problem solving method

Consent Statement
I have read and understood the information about the research. I am not aware of any
condition that would prevent my participation, and I agree to participate in this project. I
have had the opportunity to ask questions about my participation in the research. All
questions I have asked have been answered to my satisfaction.
Please indicate whether you agree to participate in each of the following parts of the
research (please indicate which parts you agree to by putting a cross in the relevant
box):

Participate in an interview with the researcher.
Name……………………………………………………………………….……………………........…
Signature………….........................................................……………………
Date ………………………………….
A summary of the thesis can be forwarded to you when published. If you would like to
receive a copy of the summary, please include your mailing (or email) address below.
Name…………………………………………………………………………….…………….....……….
Address………………………………………..……………………………………….…………………..
……………………………………………………………………………………………….....………………
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Attachment E: Participant Information Sheet Instructor-led

Participant Information Sheet
Research Project Title
LINK – A method of solving problems that enhances an individual’s ability to access their
own knowledge from outside the problem space and then apply it to the problem.

Research team
My name is …………... I am conducting this session on behalf of Paul Dowling a PhD
student in Information Sciences and Engineering Faculty at the University of Canberra.
Paul’s primary supervisor is Professor Dr Craig McDonald from the Information Sciences and
Engineering Faculty, University of Canberra.

Research Project Aim
This research project trials a prototype problem solving process that increases an individual’s
ability to solve a problem using their own knowledge from outside of the problem space.

Benefits of the Research Project
This research will benefit the study of problem solving by incorporating aspects of the neural
theory of language into problem solving theory and practice. The resulting fusion will be
used to develop and trial a prototype problem solving process called LINK.

General Outline of the Research Project
The project involves sessions with up to 30 adult participants selected from the public and
private sectors. Each participant will use a template process of LINK to examine an aspect of
climate change. The researcher will take the written material and analyse the data to
understand the extent to which the LINK problem solving process enabled participants to
draw on their own knowledge unrelated to climate change. The results will be incorporated
into the researcher’s doctoral thesis. Each participant will be offered a copy of their completed
questionnaire as well as a take-home LINK template that they can use for their own purposes.

Participant Involvement
Participants will be guided through a single 1 hour, 3 stage problem solving process in the
form of a questionnaire. Stage 1 requires the individual to i) frame the problem in their own
words ii) identify the key factors involved in the problem and iii) identify actions that they
believe should be taken to address the problem.
Stage 2 helps the individual to identify the essential elements of the problem. The individual
is then asked to replace the names of these essential elements with generic terms. The
individual is then asked if the generic description of the problem reminds them of a similar
situation that they have encountered before.
Stage 3 requires the individual to i) frame their similar situation in their own words ii) identify
the key factors involved in the situation and iii) identify actions that were taken or in
hindsight could have been taken to address the similar situation. Finally, the individual is
asked to reflect on the actions taken and then decide if they prompted any additional insights
into the forests and climate change problem
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Participation in this project is voluntary and participants may, without any penalty, decline to
take part or withdraw at any time without providing an explanation.

Will the participants remain anonymous and confidential?
Each session will be given a number for analysis purposes but no identifying information is
kept once the session is concluded. This preserves the anonymity and confidentiality of the
participants.

Who will access participants’ responses?
The data provided by the participants will be used as part of the researcher’s doctoral thesis.
Participants’ responses will not be used for any other purposes.

Data Storage
Participants’ data will be stored at the University of Canberra for a period of five years. This
provides sufficient time to justify the outcomes of the research and to defend them if they are
challenged. After five years the data will be shredded.

Ethics Committee Clearance
This project has been approved by the Committee for Ethics in Human Research of the
University of Canberra.

Queries and Concerns
For further information on the research project or for answers to queries please contact Paul
Dowling 042127111 email paul.dowling1@optusnet.com.au.
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Consent Form
Research Project Title
LINK – a problem solving method

Consent Statement
I have read and understood the information about the research. I am not aware of any
condition that would prevent my participation, and I agree to participate in this project. I
have had the opportunity to ask questions about my participation in the research. All
questions I have asked have been answered to my satisfaction.
Please indicate whether you agree to participate in each of the following parts of the
research (please indicate which parts you agree to by putting a cross in the relevant
box):

Participate in an interview with the researcher.
Name……………………………………………………………………….……………………........…
Signature………….........................................................……………………
Date ………………………………….
A summary of the thesis can be forwarded to you when published. If you would like to
receive a copy of the summary, please include your mailing (or email) address below.
Name…………………………………………………………………………….…………….....……….
Address………………………………………..……………………………………….…………………..
……………………………………………………………………………………………….....………………
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Attachment F: Link Case “Law” Study
The Electoral Distribution Act WA 1947

Paul Dowling
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Introduction
The problem used with the LINK process is described in Figure 1.
Figure 1. The Electoral Distribution Act WA 1947 problem
The Electoral Distribution Act of WA 1947 (the 1947 Act) governed the distribution of
electorates for the WA State Parliament. The distribution effected by that Act meant that rural
seats had substantially less voters than city or urban seats. The Labor Party disliked this
situation, while the conservative parties liked it. In fact, the conservative parties liked it so
much that they included a provision in the 1947 Act that would make it harder for the Act to be
amended by future Parliaments to remove this bias.
Specifically, s 13 of the 1947 Act made it unlawful to 'amend' the Act unless the amendment
bill had been passed by an absolute majority of the Legislative Council and an absolute
majority of the Legislative Assembly. An 'absolute majority' means a majority of all members,
whereas an ordinary or simple majority means merely a majority of members present and
voting. Ordinarily, an ordinary or simple majority in each House is sufficient to pass a Bill.
State Parliaments, unlike the Commonwealth Parliament, can pass laws which make it harder
for future State Parliaments to amend or repeal legislation dealing with the 'constitution,
powers and procedures' of the State Parliament. They can do this because s 6 of the
Australia Act says they can. The 1947 Act, in prescribing electorates, dealt with the
constitution of the State Parliament for the purposes of s 6 of the Australia Act.
In 2001, the then Labor Government was able to secure an absolute majority in the
Legislative Assembly to amend the 1947 Act but it could not secure an absolute majority in
the Legislative Council. There, it could only secure an ordinary majority. Accordingly, it
attempted to get around s 13 by repealing the 1947 Act in its entirety and re-enacting the
terms of that Act in a new 2001 Act except for those few provisions that gave greater voting
power to rural electorates.
The relevant question, central to the High Court case of A-G for Western Australia v Marquet
in 2003, is whether the action of repealing the 1947 Act and re-enacting the terms of that Act
with minor variations in the 2001 Act amounted to 'amending' the 1947 Act for the purposes
of s 13 of that Act. If it did, the 2001 Act was unlawful. If it did not, the 2001 Act was valid
and the Labor Party had achieved indirectly what it could not have achieved directly.

Method
1. A week prior to the interview the researcher asked the participant to provide a
difficult problem that the participant was deeply familiar with.
2. The participant volunteered the WA problem outlined in Figure 1 above.
3. The researcher incorporated the problem into the LINK format. A copy is at
Attachment A.
4. The LINK process was conducted over lunch in a quiet restaurant
5. The interviewer guided the participant through the questionnaire
6. A short break 10 mins was taken between sections 2 and 3
7. Due to time pressure Questions 9 & 10 were not undertaken
8. The participant completed the questionnaire in 90 minutes
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Findings
Section 1 Problem space - pretest
The participant identified 5 factors as being important when considering the problem.
These were:
1. Principle of one vote/one value
2. Entrenchment of fundamental electoral mechanisms
3. Textual vs purposive approach to interpretation
4. Relevance of fundamental human rights to Australian domestic law
5. Significance of UK parliament (Australia Act) to Australia’s constitutional
system
The participant identified 4 actions that were relevant to solving the problem. These
were:
1. (High Court) Be more transparent and candid in identifying the basis for
decisions
2. More creative use of international norms
3. Closer analysis of basis for departure from one vote/one value
4. Consideration of broader range of consideration than is usual in resolving
legal matters

Section 2 The abstraction process
The participant summarised the problem as follows:
Reconciling increasingly recognised fundamental rights in relation to voting
with the legal and historical non-recognition of equality of voting power in
state elections.
The participant represented the problem diagrammatically as shown in Figure 2.
Figure 2. The participant’s summary of the Electoral Distribution Act WA 1947
problem

One vote:one
value

2001 Act

ALP

Principle

1947 Act
Community of interest

Coalition

Australia Act

The participant was then asked to substitute generic terms for each of the components
of the problem outlined in Figure 2. The resulting representation of the problem is
shown in Figure 3.
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Figure 3. The participant’s abstraction of the underlying structure of the
Electoral Distribution Act WA 1947 problem

Principle
Object A

Agent

Principle

Object B
Agent

Agent

Outcome

Section 3 Problem solution - post test
Figure 3 reminded the participant of two problem situations as follows:
3. Junior Sport where a focus on winning at all costs was limiting childrens’
participation in sport
4. Military Court appointments
The participant chose junior sport to reflect on and identified three ideas central to
solving the junior sport problem
1. Aim should be participation
2. Focus on children enjoying themselves
3. Recognising that children perform best when their contribution is valued
Here actions important to solving the problem were:
1. Ensuring all children had equal time (participating)
2. Lessen emphasis on winning
3. Valuing each child’s contribution
When asked to reflect on the successful junior sport actions and new possible actions
to help address the Electoral Distribution Act of WA 1947 problem the participant
responded as follows;
Suggests that greater emphasis should have been placed on one vote one value
as the best way to ensure the legitimacy of a government.

LINK method findings
Section 1 The problem space - pretest
1. The problem presented by the participant was complex with multiple possible
solutions - see wicked problems (Rittel 2005)

Section2 The abstraction process
1. Abstraction components Q3-6 and question 8 were completed without difficulty
V0.7
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2. The participant had difficulty with Question 7 which involved substituting a
generic term for the noun. The participant’s problem statement contained a
number of adjectival phrases which together, both the noun and the phrase, require
substitution. The list of generic terms the researcher supplied for this problem
required further explanation by the researcher.
3. The participant’s problem statement contained a number of adjectival phrases
which together, both the noun and the phrase, need to be substituted. In turn this
would assist the participant to abstract from the problem space

Section 3 Problem solution - post test
1. Omitting questions 9& 10 (which repeat questions 7&8) may have made it more
difficult for the participant’s ability to remove himself from the legal context.
2. Q14 needs further work to assist participants to translate actions from the evoked
problem to the initial problem

Conclusions
LINK enables a problem to be divorced from its context
LINK enabled the participant to evoke a problem from a context31, childrens’
participation in sport, which is removed from the initial problem situated in a legal
electoral context.
How is this achieved? Recall that the LINK process is sequenced to first identify the
underlying structure of a problem (questions 3-6) and then to remove the contextual
indicators- nouns and phrases that connect the problem to a specific context
(questions 7 &8). The resulting representation of the underlying structure of the
problem is now the focus of attention (questions 7-10) which is used to prime the
subconscious.
NTL suggests that priming in the context of metaphors works by “spreading
activation among related neural representations” (Feldman 2008:211). Similarly, by
activating neural representations related to the underlying problem structure rather
than activating neural representations relating to a legal, electoral context then a
different context can be evoked. The LINK process, therefore, surfaces a problem
and subsequent actions that the individual has encountered in a different context.
Having established that LINK process successfully unties a problem from its context
the remaining question is to what extent the subsequent problem and actions provide
an additional insight into the initial problem.

Limited value accrued from the cross-domain transfer
In short, the participant in this case study did not gain a new insight into the Electoral
Distribution Act WA 1947 problem. The participant declared that the LINK process
had altered his view on what the High Court of Australia should have ruled. For our
purposes however, the process did not yield a new insight into the problem but
emphasised an existing view – that of one person one vote.
Perhaps this result is to be expected. For this interview the degree to which LINK
will assist an individual to gain insight into a problem depends on three factors. The
first factor is the participant’s depth of understanding of the initial problem. In this
31

Neural Theory of Language refers to the context as a ‘frame. Frame may be a better term to sue.
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case the participant had a deep understanding of the factors involved in the Electoral
Distribution Act WA 1947 and its possible solutions. Thus, there was less likelihood
that this process would yield a novel insight for the participant than if the participant
had provided an initial problem with which they were unfamiliar.
Second, more than one solution exists to the problem. In this case a number of
solutions exist and it remains a matter of judgement which solution is chosen rather
than the problem requiring yet another solution. It could be argued that familiarity
with the problem combined with an existing suite of solutions with no compulsion to
identify a novel solution mitigates against finding a new solution. Interestingly
though, the participant said that going through the process had swayed their
judgement. Perhaps not unexpected given the interview setting and a possible desire
to please the researcher.
Third, the number of different knowledge domains brought to bear on the problem. In
this case the evoked problem and its context is necessarily drawn from a single
instance of the individual’s experience, in this case managing a child’s sporting team.
The chance of striking on a novel solution from a single instance, although enhanced
as the problem structures are similar, is not guaranteed. Problem solving literature
suggests that novel solutions to problems emerge at the ‘intersection’ of different
knowledge domains (Johansson 2004:20). A lack of time prevented exploration of the
participant’s second problem situation: military court appointments.
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