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conception

noun

the way in which something is perceived or regardexir conception of how
language relates to reality.

« a general notion; an abstract ideae conception of a balance of power.

« a plan or intention reconstructing Bach's original conceptions.
 understanding; ability to imaginédne had no conception of politics.

(from Oxford American Dictionaries)

Abstract

Building an external representation of our coticgys is an important way to
learn, communicate, and solve problems. Althougimesdorms of representation are
idiosyncratically tied to particular school subgeind topics, there are others that have
multidisciplinary scope and broad utility for thinlg and learning. In this paper we
argue that in a wide range of curriculum contekthbuld be possible to boost critical
thinking skills, problem-solving power and learnicapacity by the consistent adoption
of a well-selected repertoire of forms of repreagah. We review a set of five specific
forms of representation, namely argument maps, enmaps, writing plans, swot
maps, and thematic maps, that seem promising catedidor such a repertoire, and we
describe the design principles that under@onception,a versatile information
mapping program that we have developed to suppiriset. The paper concludes by
discussing forms of associated classroom practie¢ &re consistent with current
theories of effective teaching and learning.

Introduction

The movement towards ‘thinking skills’ in educatithas acquired much
momentum in the last couple of decades. And witbdg@ason: the internet and other
electronic media have produced an explosion ofrin&tion that both reflects and
catalyses immense changes in the patterns of rdimes, local communities,
workplaces, and national economies alike. Succetiss context often depends upon
the capability to sift and transform a mass of cetimg information sources into
coherent, productive personal knowledge. Educgbialicy has shifted accordingly.
Forty years ago, the sort of student whom teacbikes rewarded best was 'the quiet
non-thinker' (Raths et al., 1966). Nowadays, govermts advise teachers to promote
positive contributors and successful learners (DEEX®3; Scottish Executive, 2004).

A great deal has been written about how thinkin@isskan be framed, taught
and learned (see McGuinness, 2005, for a revietw. garticular focus of this paper
is on the key idea aktpresentationAs McKendree et al (2002) have pointed out, the



development of thinking skills requires technigtiest enable teachers and learners to
represent their thinking visibly. Our central claimhich is quite strongly supported
by available evidence, is that a modest repertofréorms of representation can
satisfy this requirement for a broad range of tasks subjects. The repertoire that we
identify, together with the technology that we haeyeloped to support it, should
equip learners generically for tasks such as aggusammarising, evaluating and
planning. An important benefit of this approach tieat, because the forms of
representation are endlessly re-usable, the thyrdills that are associated with them
should transfer into contexts beyond those in whidy are first introduced.

The main purpose of this paper is to justify thel®ms and to stimulate
forms of research, including action research, thaatfurther explore them in practice.
The paper is written so as to be accessible tayahmad audience, so that it can be
read variously as a tutorial, research review,ropgpsal for further work. Its structure
is as follows. The first part describes the reladltp between thinking, representing
and learning, explains the relevance of the notdna repertoire of forms of
representation, and specifies the contents of ert@pe that seems to provide at least
a good starting point. Next, we present the degmimciples that underpin
Conception,a versatile information mapping program that weehaeveloped to
support the repertoire. Finally, we discuss forrhassociated classroom practice that
are consistent with current theories of effectea&ching and learning.

Thinking, representing and learning

As we learn, we build conceptions of our world. Wy, these conceptions are
represented only by mental structures which are,cairse, invisible. Making
conceptions visible requires that they be expressddrnally, in some form of
notation: examples are text, diagrams, maps, ansicaduscripts. Notations vary
greatly in form and in fitness for different tas&ad contexts but they share this
central purpose of ‘making thinking visible’, or other words, of making external
representations of conception (Peterson, 1996).

Why are external representations useful? Theyeserany purposes: they act
as records of and extensions to our memories; thlyw conceptions to be
communicated socially, which enables them to beeshaliscussed and developed
collaboratively; they can assist problem-solving fpviding focus on essential,
rather than peripheral, features of informationgythprovide a framework for
acquisition of further information; and often, theyggest ways in which information
might be transformed. In summary, external repriesiems are essential tools of
thinking and learning. Education is often underdto@s being about building
conceptions but to have a conception that we arapi@ble of expressing is hardly
useful. Thus in practice, much of education is eoned with learning to use forms of
representation.

It is interesting to consider the relationshipwen our conceptions, their
external representations, and the actual world thatepresented. For example,
consider the map that we might draw to show sorsigovs to our town how to reach
our house from the railway station. We have a cptice, one that is certainly
detailed and complex, of the town: thinking abduproduces the map, an external
representation that stands in place of the towa{akwn itself is the represented world
(see Figurel). At each step of building the map we must aslectie questions: Is
the map true to our conception of the town? Isnitaacurate model of the town in
reality? Is it fit for its intended purpose of commicating the route to our visitors?
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Building an external representation is an impdriaay to learn. The act of
preparing one forces us to think about what we kntmwselect and organise our
knowledge, and to consider how that knowledge cancénveyed to others. We
become aware of the strengths, gaps and inconsisseim our own knowledge.
These metacognitive effects may be even more ggnif when the representation is
developed within a social context, in which difieces as well as similarities of
individual conceptions are exposed and discussedmal be motivated to check our
facts, accommodate other people’s viewpoints, atapianew perspectives. As we
practice our skills in representation, it is unaldile that we also reflect upon our
conceptions of the represented world.

Figure 1 Conception, external representation, and the represented world

Repertoire

The form of representation that still dominatescadion today, just as it has
done in the past, is text. This is not surprisiegen in the age of the internet, text
encodes most of the world’s knowledge. Text carresgcomplex ideas, it is hugely
versatile, and it is well supported by technologgluding printing presses, word
processors, and electronic mail. But text is detl for all purposes. If it were then
we would have no reason ever to use maps, diagm@nmusical scripts. Of course,
the information contained in a map (for instana@)ld in principle be re-represented
wholly as text but the conversion process wouldldimrious and the most likely
result would be a representation that would be mmohe difficult to understand,
extend, and discuss.

All representations are not equal, even if thefioimation content is the same.
A superior form of representation for a particutgpe of information is one that
makes salient features of the information easiexjaress, interpret and manipulate.
It should be fit for the user, fit for the domaand fit for the purpose (Peterson 1996).
These are challenging criteria and humans have eEmmously inventive in
creating a vast array of specialist forms of regnégtion. Think for instance of the
thousands of computer languages and mathematitatiors, or the numerous types
of spatial map devised by cartographers. Becommadigient in the disciplines of
computer science, mathematics and cartographyrismaech about mastering these
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specialist forms. Much the same could be said abthér disciplines, all of which
have their own repertoires of representation.

‘Literacy’, which is usually understood as a seskifls in reading and writing
forms of text, is justifiably placed at the centfieeducation because these skills are
essential across practically all disciplines. Bytraoccupation with text should not
obscure the fact that for some users, domains amgopes, alternative forms of
representation are superior. In fact, a charatiend good problem-solvers is that
they have a broad repertoire of representationdlsskVhen faced with a new
problem, they can often select from the repertairform of representation that is
immediately useful in organising the available mfation. If efforts towards a
solution reach an impasse then switching to anratere form of representation,
assuming the repertoire makes one available, cavider a way forward (Cox &
Brna, 1995). Understanding of representationalufest and of ways in which
different problems have underlying representaticmailarities is the key to making
learning from one problem transfer to another (Muatiee et al, 2002).

The converse is also true. A weak representatioepértoire can block
thinking and learning because new information cameadily be accommodated. A
task such as preparing an argument, summarisirexta évaluating a proposal, or
planning a piece of writing, may seem deeply forabie to someone whose personal
repertoire does not include forms of representdtian are well suited to the task. Of
course, arguing, summarising, evaluating and phanire universally perceived as
essential skills. Therefore, forms of representegtithat flexibly support such skills,
and which are relatively easy to learn, offer nuidiciplinary scope and broad utility
for thinking and learning. Yet, beyond the estdi#i$ focus upon text-based literacy,
the existing curriculum is far from systematic mpporting learners to develop the
necessary representational competences.

Information maps

A helpful step forward may be to identify some feraf representation that
could contribute towards a ‘core repertoire’ fouedtion (we have in mind mainly
primary and secondary education), one that coulahogked by teachers consistently
and repeatedly in suitable contexts. Skills innpteting and manipulating these core
forms could become a shared curriculum goal, wigmynpotential benefits. Learners
who have the opportunity to apply the same reptatenal forms to different
subjects and topics can be expected to boostatritinking skills, problem solving
power and learning capacity. Teachers who know #ratagreed repertoire of
representations is being promoted across the alunt could use the repertoire in
communication and task-setting without having taacte basic concepts of
representation from scratch.

The next few sections of this paper review somenfoof representation that
seem good candidates for inclusion within such r@ cepertoire. These are namely,
argument maps, concept maps, writing plans, swqspendthematic mapsAll are
members of a class of diagram that is variouslycdesd as ‘node-and-link
diagrams’, ‘knowledge maps’ or (our preferred teimfprmation maps’. Each can be

1 A distinction preserved by many authors, for ins& Peterson (1996), is between a ‘form of
representation’ (FOR), which refers to a particulatational convention (such as the concept map
form), and a ‘representation’, which is a particulastance or example of the FOR applied to some
domain (such as ‘my concept map on minibeastsPcdigh this is an important distinction, in this
paper wherever the context makes the meaning wleanften relax it for brevity. For example, we
refer to ‘repertoires of representation’ as shorthor ‘repertoires of forms of representation’.
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regarded as a special kind of language, or whatrnHI®98) terms a ‘visual
language’: a notation that combines text with grepin some systematic fashion. As
will be demonstrated, all five meet the criterianofiltidisciplinary scope and broad
utility for thinking and learning. Available evidea shows that they can be powerful
resources for arguing, summarising, evaluating@adning.

There are additional reasons for taking these m&bion map representations
seriously. First, there are obvious trends in thexlisn and in wider culture towards
more varied and visual styles of communication.sTimeans that skills in building
and interpreting visual forms of information wiktome more important, not only for
education but also for media literacy, citizenshipd lifelong learning. Second,
computers with graphical capability have becometnetly ubiquitous. This is
significant because capable computer software riéorination map creation and
editing, such as th€onceptionprogram (discussed later) that we have developed t
support our repertoire, can be hugely supportive motivating. Third, teachers are
becoming increasingly aware that deep, meaningfaitning requires not only that
learners engage with information actively, which am& building their own
representations as well as interpreting those loérst but also that learners differ in
their individual thinking and learning ‘styles’. ®e@ learners, perhaps those whose
cognitive styles are more strongly visual, may bareancomfortable with graphical
representations than with text, and more comfogtablith some graphical
representations than others. This is another jcstibn for pursuing multiple
representational forms, and for acknowledging that is not always best: a pluralist
approach acknowledges that diversity is natural @mplex. It has its origins not
only in the widely varying domains and tasks tlegrhers encounter but also in the
differences that exist between learners.

Argument maps

An argument map (see Appendix A.1, page 15 fatlastration) captures the
structure of an argument or debate. Shaped assaledgown tree, the map shows the
central theme or ‘main claim’ of the debate asrtbde at the tree’s root. Other levels
show a hierarchy of claims and counter-claims ghravide reasons for believing or
disbelieving the claims to which they are attachdttimately claims should be
grounded in evidence, which could be of variousdgirsuch as (for example)
eyewitness testimony, personal experience, or exypenion. This is the function of
the nodes labelled ‘G’ (for ‘Grounds’) in the illugtion.

Argument mapping is a relatively new technique tbets of which are
commonly attributed to (Toulmin, 1980). In our ob&gion, it is still largely
unknown amongst teachers. But the potential benefithis form of representation
are considerable, as research has demonstratestiideret al 2003, Twardy 2004).
With an argument map, we can clearly identify tkeenes and rebuttals of a debate
and we can see how these are related. The expéquirement for evidence
encourages critical thinking and the distinctivdooo-coding of nodées supports
systematic comparison of different sides of thguarent. As the map develops, it
provides a concrete record of the state of delbate far and offers a structure which
can stimulate and accommodate new contributiongstadiscouraging repetition. An
argument map may not ultimately ‘resolve’ a debatamong other reasons, because

2 Colour-coding is a feature of most computer-sufggbargument mapping. For example, Conception
automatically colours green and red those nodes ridparesent the ‘pro’ and ‘anti’ sides of the
argument respectively. However, there are variatlmetween argument mapping systems.
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it does not do the complex work of weighing thedevice that is presented — but it
by making visible the thinking that lies behindfeient lines of argument, it can take
us part way there.

A striking feature of argument maps is their ‘reability’: ideas can be
restructured very rapidly. This is a major advaatamyer discursive text. If an
argument map is something like plasticine, disearsext is more like fired clay or
cast bronze. And as this metaphor suggests, thefdwons of representation can
complement one another. Argument mapping is a baefivity in its own right but it
is also an excellent prelude to the creation afudsive text since it provides focus for
the early ‘idea-organisation’ stage that is knowrbe crucial to a discursive text's
subsequent development (Isnard & Piolat, 1994).

Concept maps

A concept map (see Appendix A.2, page 18) is grdramatic network in
which nodes represent objects or events and lingsesent relationships between
them. Typically then, the labels on nodes are naun®un phrases and the labels on
links are verbs or verb phrases. Thus the triplaloéls that can be read from a node
plus its link to another node corresponds to @stant or proposition.

Like other information map types, concept mapsnatieable, ‘bare-bones’
models of knowledge which offer visual appeal witime of the syntactic fussiness of
(prosaic) text representations. They differ fronment types in having extremely
relaxed expressive constraints, which means tleat ¢an be applied to a vast range
of domains and tasks. Indeed, if we agree with @ko& Canas 2006, p2) that
‘concepts and propositions are the building blook&knowledge in all fields’ then
concept maps effectively provide a universal laggutor knowledge. Concept maps
have a direct foundation in Ausubelian epistemologiiich emphasises (in short)
that development of well-integrated cognitive stmoes requires a process of
‘meaningful learning’ that must build on the learserelevant prior concepts and
propositions, acknowledge that these are idiosyiccaad progressive, and enlist the
learner’s active participation. Concept mappingldésrners, whose individual maps
reflect their own personal understanding, can lastbess and progress a process of
meaningful learning.

A large body of available research broadly confirthe utility of concept
mapping across numerous domains and tasks, ingueacher’s planning, individual
and collaborative learning, text summarisation aodprehension, and formative
assessment (see for example Canas, Novak & GonAl24; Canas & Novak,
2006). These successes have led researchers toraged a very broad uptake of
concept mapping, including the call for ‘a concep centred learning environment

. where the concept map is used from the beginoing unit to determine how
much a student knew beforehand, through the una aseans for researching and
linking resources found or created by the studemti] the map shows at the end how
much the student has learned about the topic’ (€d&adovak, 2006, p3). Such
proposals however also raise questions not yey feMplored, including learner
differences and reliability of assessment in relato concept maps.

Writing plans

A writing plan captures the intended structure &ey ideas of a text, which
could be a discursive essay, a factual report, preae of creative writing. As an
example, Appendix A.3 (page 19) shows a writinghgdlzat was created for the paper
you are reading now. The plan is tree-structureti thie document’s proposed title at
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the root node. Nodes below the root show secti@ualings or main ideas. Attached to
these are nodes that identify subordinate ideageHipks (shown as chain-like
icons) can be attached to any node so as to goesado web pages and other online
resources.

Writing is a complex process that typically ineaVes activities of planning,
sentence composition and revision (Flower & Hay@80). Explicit planning, which
includes setting goals and selecting and organisiam ideas, is a feature of many
proficient writers, for whom plans provide essengiaidance for composition as well
as enabling evaluation of the text for revisioncomtrast, novices and weak writers
tend to minimise the role of planning in favour ‘wefiting down what they know’.
Children’s development of writing skills has bedra@acterised as a shift from this
‘knowledge telling’ strategy to one of ‘knowledgearisformation’ in which they
become more conscious of, and devote more efforsdtection and sequencing of
ideas, in other words, to explicit planning (B&gei& Scardamalia 1987).

Writing plans can take various forms, such as tertines and index cards.
The effectiveness of an information map represemtatompared to these other forms
remains to be explored. However, a writing planregped as an information map
does have attractive qualities. It organises geghlyi a selection of ideas and
supports via hyperlinks access to relevant magergihce planning, composition and
revision are recurrent and not merely sequenti@ides, it is desirable that any plan
can be reworked as the text is composed. The irdbom map representation is
malleable enough to support this process, whichulshancourage iterative
comparison between the map’s state and the custate of text, or in other words,
effective self-monitoring.

Swot maps

Business organisations for many years have usedwbt method as a tool of
strategic analysis, particularly in the early stagé decision-making. The acronym
(which normally appears in upper-case form) stafas Strengths, Weaknesses,
Opportunities, Threatsand the method amounts to little more than anlgstf factors
under these four headings. The origins of the nie8eem to lie in the work of US
business policy academics, notably from the HanBudiness School in the 1960s.
These academics popularised the idea that gootegyraneans ‘ensuring a fit
between the external situation a firm faces (tlsreatd opportunities) and its own
internal qualities or characteristics (strengthd areaknesses)’ (Hill & Westbrook,
1997). Since that time use of the method has spreadnany non-business settings.
A Google search for “swot analysis” produces welerol million results, with
applications that cover not only strategic analgdisnany types of organisations but
also evaluation of plans, proposals, and situation

An example of a swot map is shown in Appendix Adpage 20. As with
other forms of information mapping, the potentienhbfits of creating such a map
stem largely from the metacognitive side-effects Puntambekar (1995) and others
have observed, metacognitive effects are of twonrkads. The first iknowledge
about cognitionand the second igegulation of cognitionMaking the swot map
requires us to reflect upon what we know, whichum increases our knowledge of
our own mental resources (knowledge about cognitiSmce the swot map directs
our focus towards strategic concerns, it can helgelvelop our awareness of plans,
goals, and checks (regulation of cognition).

Whether these benefits are realised in practiceemtdp in part on the
circumstances in which the map is produced. Tressdine evidence that, in business
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settings, the swot process is sometimes superfioi@dlhas little impact on subsequent
policy-making (Hill & Westbrook, 1997). To ensura &ffective swot process,
researchers typically recommend well-facilitatedougr collaborations, clear
statements about the aims and scope of the actnatyrn to and revision of the
analysis beyond the first draft, and making exptice links between the analysis and
subsequent decision-making.

Thematic maps

A swot map articulates four prespecified aspet@noorganisation, proposal
or situation. A thematic map generalises this itteany theme, leaving the map
creator to identify the aspects. For example, thp shown in Appendix A.5, page 21
presentdnformation mappingas the theme and articulates the theme using @spec
such asTechnologyandPedagogy The map appears as a wheel in which the theme
forms the hub, with spokes radiating to the aspelie central node is typically
hyperlinked to relevant web sites and other ressurdOther nodes can have
hyperlinks too, of course.

Like concept maps, thematic maps are very widglylieable. The central
theme could identify any area of knowledge or aeltuncluding any topic in any
curriculum at any level. The very simple radial day together with the use of
labelled boxes for the aspects provides a basieanisong framework that can be
widely adapted for teaching and learning, for exlengs a teacher’s visual aid or to
support learners in previewing or revising an aveatudy. A part-completed map
may be a useful stimulus for classroom activity erihstance, consider a map which
identifies the theme, provides some selected hiypxarand the titles of a subset of the
aspects, but with blanks elsewhere for learnecotaplete.

Summarising the repertoire

The repertoire discussed above is summarisedbiteTa For each map type is
listed the types of thinking skills that are engigide main associated teaching and
learning activities, the form of graphical layouaind the ontology (or conceptual
framework) that is provided by the types of nodeoking at the columns that list
thinking skills and activities, it seems clear th#tese map types offer
multidisciplinary scope and broad utility for thing and learning: in other words,
they satisfy the criteria proposed earlier for aréc repertoire’ of forms of
representation.

We do not claim that this repertoire is in somassge‘optimal’. Although
available research is extensive and supportivés incomplete. Furthermore, the
diversity of users, domains and tasks is very laNe repertoire can be extensive
enough to cover every possible representationakegtnAn analogy is with learning
words and phrases of a foreign language: a juditycgelected vocabulary will assist
in many, but not all, situations. More learning n@yver more situations, but with
diminishing returns.

A fair question is to ask whether our repertogguidicious. Minimalists may
object for example that, since all of our map typesessentially specialised forms of
concept map, concept maps are all that is needssl pfemise here may be correct
but the argument is dubious: a car is a specialiseq of metal but if the task is to
travel along a road then the specialised item makefmr the better choice. Concept
maps are tremendously flexible but the ontologiethe other map types are more
purposeful for the tasks that they are designesdipport.
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Others may argue that the repertoire is too smaalli that Venn diagrams,
mindmaps, piecharts, topic maps, decision treesoatre other preferred forms of
representation ought to be included within the cotreere are certainly debates to be
had here since, as observed previously, repregamagxpress conceptions and each
educational community has its own ideas about thdskof conception that are most
important® In practice, it is inevitable (and useful) thaareers will be exposed to a
vast range of more or lessl hocforms of representation, corresponding to the
specialised conceptions of different disciplinesl a@achers. But if they encounter
nothing butad hocrepresentations then they may never come to utadher$hat some
thinking skills and intellectual tasks are ubiqugoacross curriculum boundaries.
Opportunities to transfer learning will be lost.

Thinking skills Activities Graphical layout Ontay
Argument maps Argumentation Discussion, summarisiigp-down tree Claims, reasons,
argument, debating, objections, grounds
planning and reviewing
discursive writing
Concept maps Description, Previewing and reviewing Network — any| Concepts,
analysis, topic content,| topology relationships
explanation summarising texts
explaining how processes
operate
Writing plans Planning Planning for writing Top-dovree Titles, sections,
main ideas
Swot maps Evaluation, Analysing organisations, Radial network Strengths,
decision-making | proposals, and situations weaknesses,
opportunities,
threats
Thematic maps Description, Previewing and reviewing Radial network Themes, aspects
analysis topic content,
communicating and
presenting summaries

Table 1 Summary of the repertoire

Technological support

We have developed a computer program, na@ewaception,to support the
repertoire described above. For illustrations oh€aption in use, see Appendix C,
page 23. The rationale for the program is straayhthrd: teachers and pupils need
technological support for the entire repertoire.isTimplies a combination of
flexibility and focus that is unavailable in exiggi software. On the one hand, general-
purpose drawing programs likespiration can in principle produce anything, but the
price the user pays for this flexibility is high t@rms of editing effort. On the other
hand, high-quality programs such a&MapTools for concept mapping and
ReasonAblefor argument mapping, but they focus on a singkgp rntype. On the
assumption that users would not want to learn séwdifferent programs, it was
obvious that an information mapping tool directe@ards the repertoire was needed.

Conception’s design principles can be summarisddlows:

% The case of mindmaps is particularly interestidindmaps are essentially radial networks without
link labelling or other syntactical constraintsttiiauld make their meaning explicit. For instartbey

lack the linking phrases that make concept mapspnétable as sets of propositions. Thus, to an
external reader, a mindmap is likely to appearrageoherent bundle of indeterminate associations.
Compared to concept maps, mindmaps have a far wbakes in research evidence but they have been
heavily popularised with very strong claims (Buza896). Teachers may be more familiar with them
than they are with concept maps (Conlon & Bird,£00
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= Productivity ‘Smart’ graphical editors are provided that ratsg the
distinctive graphical syntax of each type of maptteat map editing is highly
productive. For instance, the argument map edkapws’ what kinds and
colours of nodes can appear below a given nodetarses this knowledge to
offer options and take actions that correspond d@bdvextensions of the
current map.

= Extensibility Each map type is realised internally by a staidad and

editable specification of its associated graphlagbut and ontology, rather

than by ‘hard coding’. This means that Conceptisneasily extended to

support new forms of representation, a feature hatbeen essential to us in
investigating the repertoire.

= Learnability. Interaction protocols are consistent across nypps, but with

differentiation where necessary. For instance,nlegu names and graphical
tools for a concept map and argument map are mEntbut the menu
commands and tool functions vary according to trstindttive syntax and
semantics of these types. The aim is to ensure hlaaing learned to use the
program for one type of map, using it for otheretybecomes easier because
most of the learning transfers.

= Functionality Easy access to powerful mapping functions incigdi

hyperlinking capability, inserting graphical imaggegerforming web search
based on map content, and transfer of text betwesgrs, phrase boxes and
markup editors. For more experienced users, shsrtoumost functions are
available.

Experience with actual users has indicated thagetltkesign principles are sound
(Conlon 2003, Conlon 2006). Because Conceptionigesvsupport at the level of
each map’s ontology, rather than at the more genevel of nodes and links, users
are freed to concentrate on the content and orgi@ons of ideas. Ideally, the tool
should become ‘invisible’ (Norman, 1998) leavingcis entirely on the task.
Although we still regard Conception as an ‘earlip#f that needs further investment
and development, the program has clearly estallithe feasibility of providing
software support for our representational repefoir

Classroom practice

However good a repertoire of forms of represeomatnay be in theory, in
practice a lot depends upon how well it is usede Tasearch literature on the
pedagogy of information mapping is not yet exteasklowever, enough is known to
provide some broad pointers towards effective otesa practice. For an overview of
this area, see the concept map in Appendix B.

Type of task

An obvious distinction is between interpretaticasks, those that require
students to interpret other people’s representstiamd generation tasks, those in
which they generate their own. There should be edop both types since they
develop different kinds of skill (broadly, comprelsen versus expression).
Somewhere between interpretation and generati@endi¢ype of task that we call

Conception at present runs under Microsoft Windowsd Macintosh OS X. See
http://www.parlog.com for details of availability.
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critiquing, in which the student is expected toleate or compare information maps.
Critiquing goes beyond interpretation to includeneénts of evaluation. Sometimes
(but not always) critiquing will involve the genéicm of new maps or the adaptation
of existing ones.

We might expect that, other things being equativiies which involve
interpreting, critiquing and generating, correspdadascending levels of challenge.
But in reality, the degree of challenge in a magpissk depends also on two other
factors: the extent of learner’s familiarity withet domain (or subject matter) and the
resources (including peer and teacher help) trepasvided in support of the task.
Thus a minimally challenging task may involugerpreting a representation in a
familiar domain withextensivesupport. A maximally challenging task may involve
generatinga representation in amfamiliar domainwithout any support. Generally,
teachers should aim to design tasks which leamsrsaccomplish with the provided
level of support but which would have been beyohent without it (Vygotsky,
1987).

Interpreting an information map is not necessagigier than interpreting a
text. This is because text follows familiar convens, including sequential access
and the use of structural devices, such as headimgjparagraphs, that provide clues
in the interpretation process. Although informatimaps also have conventions —
consider for instance, the highly stylised graphgatax of an argument map —
these are less familiar. Teachers can model theepsoof interpreting an information
map by talk-aloud demonstrations and by probindy witestions that ultimately can
be internalised to provide the learner's own setfulation, in other words a process
of procedural facilitation (Collins, Brown & NewmdlD89). For instance: What is
this map’s theme? How can we ‘skim-read’ it? Whaéglithe map say about such-
and-such? What do the nodes have in common thahasemallest font? What other
node could possibly have been attached to thishode

In tasks that involve generating an information midypee stages of activity
can be usefully distinguishegreparation (including review of existing knowledge
and research of source materiatgpping(actual construction of nodes and links) and
revision (including redrafting, assessment, and presemtadio publication of the
results). Support at each stage can take many fanosiding help from peers and
teachers. Support can also take the form of aokfarts’: this may amount to no
more than a short phrase list or, at the othaems, it could be a ‘gappy’ complete
map that lacks only a few separately listed itesagport may also include reference
materials for the domain, which could be a closeida$ sources or an initial set of
recommended sources with encouragement for widdoeation. One approach is to
prepare and distribute to students a map that icengasingle box to specify a focus
guestion plus hyperlinks: see Appendix C for anstitation. According to Novak &
Canas (2006), students who make concept mapswithgood focus question tend
to produce maps that are mostly descriptive. A gémzlis question encourages
deeper engagement with the ideas and leads to timaipsre more explanatory.

Critiquing activities can be quite diverse. Theeeamples: present learners
with a preconstructed ‘buggy’ map, into which esronave been deliberately
introduced, and invite them to debug the map usitly their personal conceptions of
the domain; provide them with an authoritative tex¢ébsite or other source, plus a
map that broadly summarises the source, but whociiais anomalies that must be
repaired; provide two information maps that perteonthe same topic but which
deviate from one another in content and inviterlees to comment on the differences.
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Such activities have a strong problem-solving flavdn some circumstances, map
critiquing can be more effective than map genenafichang, Sung & Chen 2002).

Organisation of learners

Information mapping activities can be tackled hgividuals working alone or
by pairs or groups of learners working in collaltiora Collaboration can be face-to-
face or at a distance, using computer networkshéncase of distance collaboration,
learners can interact either synchronously (i.aead time, as with chat software) or
asynchronously (as with email).

Potentially, collaboration can enhance learningainleast three ways: it
provides a supportive social context for tasksni®ark), it can generate discussion
in which conceptual differences are exposed amalveg, and it enables peer tutoring
which develops the skills of both tutors and tutdesclassroom learning, where
learners are diverse and teachers cannot hopetéo &ach one individually,
collaborative work can overcome some of the probklanherent in whole-class
teaching. Studies of collaborative concept-mappiage generally confirmed that
concept mappers who collaborate learn better tieset who map individually
(Basque & Lavoie, 2006).

However, productive collaboration implies more thast students working
alongside one another. According to Ohl & Cate99@0to design for ‘real learning
groups’ requires attention to factors which infloen group self-perception,
interdependence and social-emotional bonding. kamgle, a group's perception of
itself as a group can be strengthened by their kedye of a common fate (such as a
shared mark or grade), frequent meetings, and raeh¢hat binds them together.
Interdependence can be strengthened by a taskndedssgp as to require the combined
skills and efforts of the group rather than beimfiavable by individuals working
alone. Social-emotional bonding requires time tafk’ and consideration of ways in
which group members can develop feelings of jooacbanplishment.

In information map generation tasks, there are dppiies for collaboration
at all three of the stages (preparation, mappirdgramision) mentioned above. Task
decomposition can include allocation of distincaa@ch remits, creation of sub maps
that can be subsequently hyperlinked or otherwitegrated, and rehearsals for joint
presentation of the conclusions.

Assessment

A conventional distinction made in the literature Ibetweenformative
assessment, which obtains information that helpdesits to improve their learning,
and summativeassessment, which obtains information that sunsesriwhat the
student has learned. Formative assessment camlénséif-evaluation, feedback from
peers, or guidance from teachers, whereas summasisessment is more closely
associated with formal tests and examinations. VWghtralso mentiordiagnostic
assessment, which is aimed at obtaining informdiorieachers that helps to target
teaching upon the existing state of students’ kedgeé.

Information mapping, particularly concept mappihgs been widely used as
the basis of (mostly) formative and diagnostic sasseent. For instance, Gouveia &
Valdarez (2004) explain how the maps of high schsetoldents on a variety of
chemistry topics revealed to their teachers cemaaknesses of understanding that
they were able to target and rectify in subseqtesatthing. Apart from this diagnostic
assessment, concept map construction in this slsdyhad a formative assessment
purpose:
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....... observations in the classroom showed thattengpting to verbalize his or
her own idea on a specific subject with the inthtommunicating this idea to others,
students were forced to re-think and analyze winay tvanted to verbalize, and, in doing
so, were able to find further discrepancies anstakes in their idea; that is, the student
was forced to search for an alternate formulatiorthe same idea which, in turn, helped
to broaden the student’s point of view. The veib##raction among students helped to
keep them focused and, in some instances, to pag attention to a classmate than to the
teacher. (Gouveia & Valdarez 2004, $5.3).

In assessing the quality of an information mappedorm of quantitative map
scoring scheme may be useful. An early scheme dorirgg concept maps was
devised by Novak & Gowin (1984) and many varianéveh appeared since. An
informal scheme for assessing argument maps isedffey Austhink (2006). More
formal schemes usually depend upon a systematipaason between a learner’s
map and a ‘reference’ map created by a teachethar @xpert. This approach has
been used to develop an artificial intelligence Iyse which gives formative
feedback and which relies on the learner’s williegsto mediate the system’s fallible
judgements (Conlon 2004). For summative assessmewgver, reliability is usually
considered to be essential. This is certainly moltic for open-ended map
generation tasks (Ruiz-Primo 2004).

Learning with versus learning about representation

In a rich and well-taught curriculum, learners ddduave many opportunities
to build representations using the repertoire aceowvariety of subjects and topics.
The cognitive apprenticeship model of teaching &watning (Collins, Brown &
Newman 1989) provides a useful framework for thigkabout how this learning can
be supported. Starting from the observation thaiventional schooling too often
abstracts skills and knowledge from their useshia world, resulting in surface
learning, ‘brittle’ skills, and de-motivation, cogime apprenticeship recommends a
pedagogy that aims to re-connect theory to theext®itand tasks in which it becomes
useful whilst at the same time gradually drawingidents into a culture of
independent practice. This pedagogy, which is nesbby traditional apprenticeship
forms of learning, centres on the methods showraiole 2. The third column of the
table is our own interpretation of how the pedagegy incorporate information
mapping. The ‘fit' between information mapping andgnitive apprenticeship is
ensured by an explicit and shared concern to ‘ntlakding visible’ and to promote

effective metacognition:

Although schools have been relatively successfurgmnizing and conveying
large bodies of conceptual and factual knowledgendard pedagogical practices render
key aspects of expertise invisible to students cagnitive and metacognitive strategies
and processes are more central than either low-eskills or abstract conceptual and
factual knowledge. They are the organizing prirespbf expertise, particularly in such
domains as reading, writing, and mathematics. {@IBrown & Newman 1989)

One of the principles of cognitive apprenticeslsghat learning of theory
should develop naturally from tasks and contextwhich the need for the theory is
evident. Although there will be times when teachwilj justifiably focus on issues of
representatioper se,an obvious example being when a member of therta@peis
newly introduced, in general this principle suggestmore integrated and holistic
process of learning; one in which learnadgputrepresentation will arise concurrently
and naturally as a by-product of learningh representation. An integrated approach
is suggested also by the empirical evidence thatl gmowledge and good thinking
are inextricably bound up, implying that criticairtking is best taught in the course
of teaching discipline knowledge (Pithers 2000).
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Teacher’s role Information mapping aspects of role

Modelling Demonstrate the task or skill in|aModelling the process of selecting a form |of
way that makes explicit therepresentation from the repertoire, building|an
processes involved information map, interpreting the map

Coaching Observe students carrying out th€oaching students in information mapping

task or skill; provide scaffolding activities; designing such activities, including
(support) for parts that are beyondlesigning provision for support, collaboratipn
them; offer hints, feedback, nemand assessment.

tasks
Scaffolding and| Gradually withdraw thg Gradually push students towards autonomous,
fading scaffolding provided previously; self-regulated information mapping; progress

push the students towarddrom descriptive to exploratory and
independent problem solving explanatory maps; support mapping [in
increasingly complex and diverse contexts

Articulation Encourage students to articulat®roviding opportunities for students to discuss
their knowledge, reasoning, ortheir information maps; participate |n
strategies presentations, debates and interviews

Reflection Encourage students to compar&et students to evaluate their own maps,

their own knowledge, reasoninggcritique the maps of peers, repair ‘buggy
or strategies with those of ammaps; get students to apply self-monitoring

expert or other performer skills , including monitoring of their own
learning by reviewing previous maps
Exploration Push students towardsApply mapping to projects and more open-
independent problemended tasks; shift from teacher-directed
identification and independentproblem-solving to student-directed problem-
problem solving finding

Table 2 The cognitive apprenticeship model of teaghnd learning

Conclusion

The movement towards ‘thinking skills’ in educatidvas acquired much
momentum in the last couple of decades. Howevproblem that has been relatively
neglected is that teachers both within and acrassplines have lacked systematic,
transferable representational techniques that cakenigood thinking' visible.
Learners who do not have good conceptions of reptason will find it harder to
produce good representations of their conceptibaarners on the other hand who
develop an effective repertoire of representatietend to gain ready-to-hand
frameworks that will equip them well for tasks suab arguing, summarising,
evaluating and planning. Transferability may be ¢neatest benefit, for although
tasks are inevitably transient, and subject knog#éedan be forgotten, the forms of
representation are endlessly re-usable as a pdweshwrce for lifelong learning.

Although far from complete, available research ¢atks that the repertoire of
representation that has been presented in thisr mapstitutes a useful toolset for
thinking and learning. Complemented by effectivehtelogy, it offers an approach
to classroom learning and curriculum developmeat $ichool leaders and individual
teachers should consider seriously.
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Appendix A.1

Example of an argument map

We should use
public transport
more than we do

is supported by

We should make /

more use of
transport that is

good for the

environment

Public transport is
good for the
environment

We should use
transport that gets
us around
efficiently

is supported by

Public transport
makes use of
buses and trains

is grounded by Buses and trains

are good for the
environment

is contradicted by

is grounded by

Common
knowledge

Efficiency must be
balanced by

Expert sustainability

opinion is supported by

Itis good for the
environment to
reduce congestion

Buses and trains and pollution

reduce pollution

Buses and trains
reduce congestion

is contradicted by

is grounded by

is grounded by is grounded by

Buses require bus

Bus lanes create
lanes

congestion

Y
is grou’nded by is grounded by

Common Eyewitness
knowledge testimony

Expert
opinion

Common Necessary
knowledge truth

File: Conception/Examples/Public_transport_debate.c
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is contradicted by

Public transport
does not always
get us around
efficiently

is supported by

My trip to work is
faster by car

is contradicted by

Road travel in
general gets

is grounded by slower every year

is grounded by

Expert
opinion

Personal
experience



Appendix A.2

Example of a concept map

=

=

-

- "-"I-\
can be used by Le arners can create

Conception — /_
,/ \ can be used by can create At
is a kind of influenced by \&

_ Teachers
Information

Mapping software

Topic previews
and reviews

Phrase boxes for
drag-and-drop

Texts for markup
and summary

{ Maps with gaps for J { Maps with bugs for J

completion correction

File: Conception/Examples/About_Conception.cpn
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Appendix A.3

Example of a writing plan

Representations of Conlon & Gregory
i, //// ks \\\.d\ "
includes includes
Thinking, - W Section 5 Conclusion
representing and Information maps Technology R
learning The idea of in the repertoire oractice

repertoire

Thematic maps|

Swot maps

Argument maps

Writing plans

‘ Summary ‘ ‘ Types of task‘ Learning with vs about|

Assessment

‘ Organisation of Iearner{

Coverage of thinking
skills

‘ Too many? Too few’,"
Brief review

Cog App model

Syntax & semantic§ Relevance to teaching History andfor researcl
learning
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Appendix A.4

Example of a Swot map

Boost learners’ capacity to
learn across the curriculum

Teachers build on what
others have taught

Support visual learning -
styles

Make better use of new
technology

Boost learners
problem-solving and
critical thinking skills

Lack of consensus on what
the core repertoire should
be

Teachers don't collaborate

well

Not much is known about
the associated pedagogy

Our technology isn't
reliable

Teachers are overworked
and resist change

Paremsjggd/erpt?]rs ae Proposal to develop
[EREERETI TN &G our school’'s
EHiETE iy ot support curriculum with a core

repertoire of forms of
representation

School inspectors don’t
” have this on their
check-lists. They may mark
us down.

P} The school might be seen
¢ as’cranky’

Joint projects with other
interested schools

Staff development

Bid for financial support
from council, parents,
charities

Show the world what our
school can do!
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Appendix A.5

Example of a Thematic map

‘ Research agenda ‘ Core repertoire

Classroom research, cognitive
science studies, technology
design and evaluation, teacher
education, issues for education

policy »

Argument maps, concept maps,
writing plans, Swot maps,
thematic maps

Visual language Technology

Information

Papae-and-pencil, 'sticky’ notes,
Conception, CMapTools, the
World Wide Web

Visual learning styles, wasual
literacy, developing
representational competence

mapping

Pedagogf ‘ Potential benefits
Applications to curriculum areas,
design of learning tasks and
support, feedback and
assessment, integration of
technology

Developing understanding,
metacognitive learning,
supporting collaboration,
communication of ideas
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Appendix B

Aspects of classroom practice

Sel ect ing . . Teacher
appropriate Summat i ve Formative f eedback

forms of

representation
Lear ni ng may be may be
with \ /4
representations

I ncreasi ng

nmay include
conpl exity and

Assessment
incl ude
diversity Peer feedback
requires
consi derati on . )
of - Ai s provi des Al feedback

Scaf f ol di ng
and fading

incl udes
include

Classroom

Learni ng

about

practice

Coverage of representations
the repertoire

Whol e class

organi ses

requires

Types of
activity

Organi sati on may be Pairs or small
of learners groups

i ncl udes

I ndi vi dual s

Interpreti e sgating

represent at

Critiquing
representations

my be

represent al

starting with

|
sour ces
Map vs Map vs
per sonal

may be
e i
Initial m i
concepti on source P Recommendat i ons

may be
my be___ | Ext ensi ve m
None I\ ?hl | ‘é structure and
efine extensive text
Loosel y
def i ned Partial

structure or
partial text
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Appendix C

Using Conception software

Creating a new window with the File/New dialog

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Adding a new node to the root node of an argument
map by dragging with the Pen tool

oee |X] Untitled Argument map.cpn

File Edit Styles List Commands  Window Help

The UK monarchy |

should be
abolished

is supported by
is supported by

O N

@00 Nopions |

iis coniradiced by
iis supporied by

The monarchy is a
drain on taxpayers The monarchy
sets a bad
example of power
based on privilege:

PEN: This tool is used 1o edil #x and add new itlms, Faint aian ilem 1o se what sl ifcan do. Y

Dragging to add a new ‘Grounds’ node with the
Options menu of evidence types

86886 X! Untitled Argument map.cpn

File Edit Styles List Commands Window Help

The UK monarchy
should b

uld be
abolished

is confradicted by
is supported by
pppic iy The monarchy is
popilar
is grounded by
The monarchy is a © 6 O X Options
drain on taxpayers i BT AL oo S —
sets a bad Commen knowlsdgs

exarmple of power Chualires Hirin

based on privilege Eyewilness kstimony
wiogie

Personal sxpsrisnce

4

FEN: This ol s e 6 et e s, Foriatan rom s whal RS Heam A T

Setting up a web (Google) search via the
Commands/Web_search command

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Adding a hyperlink via the Styles/Hyperlinks
command

e X Untitled Argument map.cpn

File Edit Styles List Commands Window Help

[ Mainclaim ]

The UK monarchy

should be
abolished

is confradicted by
e
is supp?md by The monarchy is
i
8en6 N Hyperlinks

The monarchy is a
drain on taxpayers

M.

Ok Wisit File Delete
New URL New file. Cancel Enter

URL: ‘ hitpifurww republicorg uky

ARROW: This toal is ussd o rsl /ﬂl

Generating a text representation of the argument via
the List/Entire_argument command

’e e . Untitled Argument map.cpn |
File Euit Styles List Commands Window Help
[ Manclaim ]
The UK monarchy
(5; should be
abolished
=
The monarchyisa  p
drain on taxpayers
Map: ‘Argumen(map w| Pen |Mlmdlm| - Ere

You are in Markup mode. You can mark up xt bui not edit it Stfus: markup

ARFOW: This 1ol is usd 5 ralocats and sslect itsms. Pointatan item % sss what slss itcan do 7
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Generating a Phrase Box via the List/Visible_labels
command

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Attaching a node to a concept map by dragging with
the pen from an existing link label ('split-linking")

can in

Gas state Solid state

Selecting a picture for a node via the Styles/Picture
menu

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Drag-and-drop of text from a Phrase Box (created by
List/Concepts) to a node

8O0 [X| Concepts.cpn

(

Hz0

lce

Lakes and rivers

Liquid state

Salt

Seas and oceans

s Solid state
Solid state’| steam

; Water

Gas state

File  Edit Commands  Window

These ‘Cancepie’ can be dragged & drepped, 2

Using the List/Sentences command to extract a
concept map's propositions

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Adding hyperlinks to a concept map node via
Styles/Hyperlinks

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Selecting a hyperlink to visit by clicking on the
hyperlink icon (chain) with the arrow tool

=7 Gas state ﬁg

... living/ nutrition/drinks water.shtml|

s Www.water.org.uk
Www . wateraid.org.uk

Appendix C — Page 24



Summarising a text in concept map form. The text is
‘marked-up’ in a Text Markup window, then ‘Create
lists’ produces a Phrase Box of concepts that can be
dragged-and-dropped into a concept map window

000 N Untitled Concept map.cpn

File  Edit Stles List Commands Window  Help

Indian National
Indian nationalist Gongress
movement

includes includes

008 | Gandhi_marked_text.con
File Edit Commands Window Help

|| Mohandas Gandhi (1869 - 1948)

¥ of the Indian nationalist movement against British
\is widely considered the father of his country.

iis political carcer, he Wol wide approval for his
of non-violent profest to achieve political and

Gandhi
Indian nationalist movetnent
non-iolent protest
| English socialists

o i c‘lm\\a:ds e known as Mahatma ('Great-Soul'), Gandhi was.

imprisonment
South African government
Amritsar Massacre

Indian National Gongress
dorminion status for India

te Bernard Shaw, whose idea¥

e T - e

Greate lists

Extracting from a writing plan a text outline using the
List/Hierarchy command

8ene [X Politics_writing_plan.cpn
File Edit Styles List| Commands Window Help
Hisrarchy
Visible labels
Hidden labels Has the Scottish
Hyperiinks parliament changed
Pictures Scottish politics?
ﬂ Statistics

B O O (x| Hierarchy 2.cpn

= + File Edit Commands Window He
= - | Has the Scottish parliament changed Scoft L
| nruction |
Se

Brief history since 1707
Aims of this paper
Limitations
Aims of the Scottish parliament
Popular aims

|| Folitical parties

| Labour

Liberal Democrats
| Conservatives
5] -
.

PR O ETT— am
[ I

PEN: This ol is used 1o edil kxi and add new flems. Poiniafan ism b see what else if can do

Bref hiskory since 1707

Transferring the text outline into a text editor or word
processor via that program’s Edit/Paste command

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Using the Styles/Label_display command to conceal
the text of a Thematic Map’s node

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture,

Supporting a task with a prepared window containing
a focus question and hyperlinks

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.
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