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Abstract

OnlInquiry: Human Concept Formation and Construction of Meaning
through Library and Information Science Intermediation

by
Allan Mark Konrad

Doctor of Philosophy
in
Information Management and Systems
University of California, Berkeley

Professor Michael Buckland, Chair

Library and Information Science (LIS) is centrally concerned with providing instruments
(documents, organization, bibliographies, indexes) to enable people to become better
informed through use of documents. The relationship beth@epeople become

informed and LIS intermediation, the Basic Relationship, is fundamental to the theory,

practice, and professional education of LIS.

This Basic Relationship and how it is understood in the field is investigated through
analysis of selected LIS texts according to criteria derived from principles of
Assimilation Theory, grounded in educational psychology, integrated with
complementary ideas from the cognate fields of ancient rhetoric, cognitive linguistics,
philosophy, and communications studies. These criteria were applied in the analysis of
413 LIS texts. Distinct from the "interdisciplinary"” trend in our field, to utilize ideas

from other fieldsas LIS concepts, here, ideas from other fields are useel¢al LIS

core concepts that are innate and uniquely central to LIS.



The primary finding is that LIS texts express dissonance with Assimilation Theory to a
small extent (5.6%), consonance with Assimilation Theory to a small extent (5.6%), and
silence to most Assimilation Theory criteria (88.8%). Overall, LIS theory, practice, and

education are found to et consonant with principles of Assimilation Theory.

This primary finding leads to recommendations (Part 1V) for a path to an Assimilation
Theory-consonant LIS comprised of: (1) conceptual indexing as a complement to present
indexing and information service, (2) constructive retrieval (CR) as an alternative to
information retrieval (IR), (3) an LIS curriculum and research program grounded upon a
core concern of virtually all facets of the field of information: hunisesming

informed (constructing meaning) via intermediation between inquirers and instrumented
records, and (4) core concepts that differentiate the field from all others. A set of skills

(5) common to researchers, service providers, students, and educators in the field is

described.

These recommendations can have a favorable impact in two ways: (1) inquirers have the
benefit of a "retrieval”" paradigm that takes into account their prior knowledge (as urged
by Ausubel), and (2) important explanations never apparently known to any specific
person might be discovered by detection of explanatory concept paths among disjunct
literatures as shown through a worked example of conceptual indexing and constructive
retrieval applied to Swanson's discovery of "undiscovered public knowledge" associated

with dietary fish oil and Raynaud's disease.

Professor Michael K. Buckland (Chair)



In Memory of
my father

Herbert Konrad

with infinite gratitude



Acknowledgements

Research is not performed in isolation. Any undertaking such as this reflects
contributions from, and engagement with, many individuals, communities, and events. |

offer my sincere apologies for any whom | inadvertently overlook here.

| thank Mari Miller, our School's library selector and liaison for her consultations and

assistance with administrative matters within the Library.

| acknowledge the concept mapping software, Inspiration, and the eponymous company

in Portland, Oregon for their flexible, as well as user-friendly and easy to learn product.

| am fortunate for having the friendship and support of several long-time colleagues from
Lawrence Berkeley National Laboratory, among them, Lissa C. Prince, David F. Stevens,
and James A. Baker. Dave is a wordsmith and eeitomordinaire who was kind

enough to review this manuscript and identify more a thousand foozles and conceptual

inconsistencies that | could never have detected on my own.

Reaching further back, | owe a debt of gratitude to several former professors, librarians,
and friends at the University of Oregon. | am grateful to librarians Chris Gordon-Olson,

Ed Soule, Richard Heinzkill, and Diane Chez for their encouragement and friendship.

The influence of Prof. Dominic LaRusso's rhetoric courses is manifest in this document.

| am grateful to Prof. Marion Ross, who chaired the Art History Department and taught
an influential course in the history and literature of landscape architecture, and Prof.
Wallace Ruff, who encouraged me to shape my own scholarly interests. This tolerance
was generously manifest in my faculty advisor-mentor John Hamilton, chair of the organ
and harpsichord department at Oregon as well. | shall always be grateful to Dr. Hamilton

as a role model of exceptional manners and kindness.



| have been fortunate indeed to have found faculty mentors both at Oregon and at
Berkeley who manifest impeccable manners and care for those under their tutelage. Prof.
Michael Buckland's acumen and demeanor have been inspirational to all of us who have
had the good fortune to pursue doctoral studies under his supervision. He is possessed of
more patience than imaginable. | am grateful as well to fellow doctoral student Vivien
Petras for her comradeship throughout the program, and to both her and Prof. Buckland

for our "concepts lunches" over the years.

| am indebted to my committee members, Dr. Paul Ammon in the School of Education
and Prof. Robert Berring, Jr. in the School of Law, for their interest, enthusiasm, and

patience throughout this undertaking.

Finally, a project of this magnitude inevitably reflects the support from one's immediate
family. My wife, Patricia, has been supportive and encouraging even though the project
has often pulled me away from family time. Penelope, Sophia, and Adam are the
inspiration of my life, providing a constant supply of love, challenge, and entertaining

diversion. | hope that, in time, they too will find value in lifelong learning.



Brief Contents

Part | Introduction 1
1.1 Preface 3
1.2 Motivations for the study 8
1.3 The Research Question 8
1.4 Central hypothesis 10
1.5 Context and assumptions 10
1.6 Approach and methodology 17
1.7 Scope 25
1.8 Summary of significant issues and limitations 26
Part Il AnalysisCriteria 29
Overview of Part Il 31
[I.L1  What is Assimilation Theory? 31
Sources 31
Disciplinary and epistemological contexts 32
Themes and principles of Assimilation Theory 40
Meaningfulreception learning 111
Instruments associated with Assimilation Theory 120
Validity; critical evaluation of Assimilation Theory 135
[I.2 Complements to Assimilation Theory 141
What is communication? 148
What are implications of the conduit metaphor to meaningful learning? 154
The Five Divisions of Rhetoric: a communications reference model 163
What are reading and writing? 274
What is interpretation? 346
What is thinking? 350
What is inquiry? 454
Part 111 Selecting textsfor analysis. Findingsand Implications 499
llI.1  Selecting texts for analysis 500
1.2  Findings 506
1.3 Implications 550
1.4 Epilogue 570



Part IV An Assimilation Theory-consonant Model of Inquiry

IV.1 An indexing language for conceptual indexing
IV.2 Constructive Retrieval: Intermediation between inquirer and
a domain of texts
IV.3 Impact (Benefits and detriments) of Constructive Retrieval (CR)
IV.4 LIS as an Assimilation Theory-consonant scholarly field
IV.5 A program for ongoing research
IV.6 Conclusion
Footnotes
Sources

Appendix | _Stage Two Analytic Criteria

Appendix Il Selected LIS texts from each theme

573

576
599

648
652
680
687

693
697
713
813



Full Contents
(Partsl, I, 111,1V)

Part | Introduction

1.1
1.2
1.3
1.4
1.5

Preface
Motivations for the study
The Research Question
Central hypothesis
Context and assumptions
Assumption: The Basic Relationship is a central concern of LIS
Corollary: Improvement of current Lt&eory might result from achieving a
better understanding of the Basic Relationship
Corollary: Failure modes in LIS service and practice might be attributable to
a common factor: inadequate understanding of the Basic Relationship
Limiting assumption: inquirer'snly objective isbecoming informed
Corollary: LIS' concern with an inquirebscoming informed is distinct from
many operational LIS objectives
Corollary: "First person data" are valid
Assumption: Constructivism is a useful metaphor for understanding the Basic
Relationship
Assumption: Concerns of Assimilation Theory emmparable to LIS concerns
Corollary: Use of Assimilation Theory &pplicableto LIS concerns
Assumption: Assimilation Theory is valid
Assumption: Use of adjacent theory is apt
Corollary: How peopldecome informed is the primary focus of other fields,
not LIS
Approach and methodology
Overview
Four preparatory tasks
Five Stages and work products
Stage One: Principles of Assimilation Theory identified
Stage Two: Derivation of analytic criteria
Stage Three: Analysis and findings
Stage Four: Implications
Stage Five: An improved LIS framework

Vi



Study methodology differs from current LIS convention
.7 Scope
[.8 Summary of significant issues and limitations

Part Il AnalysisCriteria

Overview of Part Il
[I.L1 What is Assimilation Theory?
Sources
Disciplinary and epistemological contexts
Themes and principles of Assimilation Theory
Presupposition: Learner's primary goal is to acquire meaming
Interpretation oficquire andacquisition
Assimilation Theory emphasizes cognitive knowledge
Meaningful learning: a learner relating new ideas to their prior knowledge
Prerequisite for a teacher relating new ideas to learner's prior knowledge:
ascertain concepts and relations in their prior knowledge
Mandate to teacher: "teach accordingly"
Meaningful learning is distinct from rote learning
Meaningful learning requires learner to expeeliberate cognitive effort;
intent
Meaningful learning and epistemological individualism
Meaningful learning elements
Cognitive objects in meaningful learning:
Concepts
Anchor concepts
Granularity of concepts
Relationships among conceptseaning
Cognitive structures
Cognitive processes in meaningful learning:
Transfer
Subsumption
Progressive differentiation
Superordinate learning
Integrative reconciliation
Process characteristics
Motivation and attention
Endpoints

vii



Feedback
Learning set
Cognitive variables in meaningful learning
Cognitive capacity.
Concepts missing (relative to a reference structure); Gaps
Preconceptions
Readiness to learn
Meaningfulreception learning
What is meaningfuleception learning?
Material presented to learner is oplgtentially meaningful
Meaningful reception learning is distinct from discovery learning
Reception learning is distinct from problem solving
Instruments associated with Assimilation Theory
Advance organizers
Vee-diagrams
Concept maps
K-W-L charts
Personal interviews
Role of instruments in assessment and evaluation
Validity; critical evaluation of Assimilation Theory

[I.2 Complements to Assimilation Theory
What is communication?
Communication requires not only physitansmission, but cognitive
sharing for use andconstructingmeaning
Negotiation of meaning
Private knowledge vs. public knowledge
Sensory-perceptual capacity limits communication
Loss of meaning is inherent in communication and reception learning
What are implications of the conduit metaphor to meaningful learning?
Manifestations and adverse consequences of conduit metaphor effects
Mitigation of conduit metaphor effect: communications reference models
The Five Divisions of Rhetoric: a communications reference model
Properties of objects of each Division of Rhetoric
Inventio
Basicinventio and abstraanventio
Basicinventio and epistemological individualism
Basicinventio and categories
Dispositio

viii



Dispositio reveals the relations among comporieméntio
How dispositio explains contemporary category theory
Species otlispositio: ldealized cognitive models
Species otlispositio: Frames
Species otlispositio: Image schema
Intervention
Dispositio attributes: belief, trust, truth
Elocutio
Unique property of languagelocutio:
it reaches into both mental and physical realms
Fixity
Pronuntiatio
Differentiatingpronuntiatio from dispositio explains the
giving anomaly
Memoria
Role of memory in Assimilation Theory
Differentiatingrecall andrecognition
Historical role of memory
Impact ofmemoria on thought and language
Differentiating objects derived in any Division from those of the others
Mistaking objects of one Division of Rhetoric for objects of another
Derivation of objects of one Division from objects of another Division
Objects of each Division aderivations, not transfor mations,
notrepresentations, not encapsulations, and roodes
Loss, change, or addition of meaning may be a consequence
of any derivation
Notation
Specific derivations
Inventio => dispositio anddispositio = inventio
Dispositio => elocutio andel ocutio = dispositio
Dispositio = elocutio is selection of linguistic
system and terms
Elocutio = dispositio is specification for evoking
and selecting meaning
Dispositio =» elocutio compels speaker-
writer to (re-)organizelispositio
Elocutio only indirectly correlates to
meaningdispositio
Elocutio alwaysunder specifiesdispositio
iX



Canelocutio specify meaningxplicitly?
Dispositio is not linear, natural language
elocutio usually is
Elocutio (semanticy> elocutio (percept) and vice versa
Elocutio = pronuntiatio andpronuntiatio => elocutio
Pronuntiatio => dispositio
Principles that bear upgmonuntiatio = dispositio
Interaction with paper
Human-computer interaction (HCI)
Evidence that a learner has constructed meaning
Continuous derivations
What are reading and writing?
Reading and writing angersonal
What is atext?
What is the purpose oftext?
What is reading?
Why is reading difficult?
Why is proofreading difficult?
Innovations that mitigate obstacles to meaningful reading
What ispaying attention?
What criteria might be used to determine if one is
paying attention?
Summary of meaningful reading
What is listening?
What is writing?
Senses ofvriting
Fragmentation facilitates arranging
Value of writing to meaningful learning
How does a writer decide which ideas to express next?
Arrangements, models, plots, themes, plans
Anticipating and satisfying the reader's expectations
Why is writing difficult?
Innovations that mitigate obstacles to writing
What is interpretation?
Assimilating: pronuntiatio => elocutio => dispositio
Expressing:inventio => dispositio => elocutio = pronuntiatio
What is thinking?
What ismind?



What do learners do when they think?
Why does one thought lead to another?
Isomorphic mapping and isomorphic projection
What is isomorphic mapping?
What steps occur in isomorphic mapping?
Determining whether two concepts are "the same"
What is isomorphic projection?
What steps occur in isomorphic projection?
Blends
Counterfactual blends
What motivates isomorphic mapping and isomorphic projection?
Isomorphic projection underligsansfer
Isomorphic projection underliedstraction
Isomorphic projection underliestegorizing
Isomorphic projection underliggeneralization
Isomorphic projection underlies many other cognitive activities
Isomorphic projection underligsetaphor
Metaphor is a figure of thought, not a figure of language
Metaphoric operation is@artial isomorphic projection
Impact of metaphor, as isomorphic operation, on learning
Isomorphic projection also underlies . . .
Function of isomorphic mapping and projection: labor-saving
Most isomorphic operation is subconscious
Why is thinking difficult?
Innovations that mitigate obstacles to thinking
What isincubation?
What is critical thinking?
How can assumptions be recognized?
How does warrant probing operate in critical thinking?
Reliability, the quest for certainty: belief, trust, truth,
knowledge, cognitive authority, etc.
Where do plans come from?
What is the role of imagination in thinking? What is creativity?
Imaginationis isomorphic projection of counterfactual
concepts
Macro isomorphic operations: Idealized cognitive models
Recognizing basic schemalispositio, or idealized cognitive
models (ICMs)
Anticipating idealized cognitive models (ICMs)

Xi



Subconscious influence of an ICMager spective or
preconception
Dichotomy: anticipating concepts is indispensable,
but anticipation can also be misconception
TheEureka! event
An example of imaginative comprehension events
Relations amongventio, notinventio themselves,
are best determiner of underlying structure
What is inquiry?
Elements of a model of inquiry
(0) What is aconceptual reference structure?
Q) What iscuriosity?
(2a) Thecognitive question: inadequatelispositio (gaps andblocks)
(2b)  Cognitive question-as-expressioregpressed question), elocutio
How does the learner formulate an expressed question?
(2c) Performing thexpressed question to a teacher-subject specialist
(3a) Reconstructing the inquirer's cognitive question
(3b) Mapping the inquirer's cognitive question to a conceptual reference
structure
(3c) Projecting explanatory concepts from the conceptual reference
structure to the inquirer's cognitive question
(3d) Expressing the concepts projected
(3e) Published texts identified
(3f)  Performingpronuntiatio for the inquirer
(4a) Inquirer perceivingronuntiatio
(4b)  Inquirer unpackpronuntiatio into dispositio
(4c) Inquirer replicates isomorphic projection
(4d) Intellectual engagement with records
Explanations mitigate inadequateispositio
An explanation is a conceptuglath that displaces a
cognitive question
(5a) Inquirer relates new concepts to their existing knowledge
Recognizingdispositio as explanatory
(5b) Inquirer imputes attributes of trust, belief, or truth to new
knowledge
(6) Understanding (meaningful learning or becoming informed)
(7) Iteration and feedback

Xii



Part 111 Selecting textsfor analysis. Findingsand Implications

1.1 Selecting texts for analysis
What is the domain of analysis?
LIS themes selected for this investigation
Selection of LIS texts from each theme
1.2 Findings
Analytical results
Primary Finding
Validity
Discussion
Assimilation Theory and psychological theory in LIS
Highlights of findings by theme group
Highlights of findings by criteria group
[11.3 Implications
Implications for theory
Implications for practice
Implications for retrieval
Terminological implications
Implications for systems, instruments, collections
Implications for evaluation
Implications for research
Implications for LIS-as-profession
Implications for inquirers
1.4 Epilogue

Xiii



Part IV An Assimilation Theory-consonant M odel of Inquiry

IV.1 An indexing language for conceptual indexing
Record structures
Performing the indexing process
Indexing skills
Indexing labor
Constructive Retrieval implies constructive indexing
Simulation of searching for ideas: fable of Aesop
Political bias in indexing
Exercises
IV.2 Constructive Retrieval: Intermediation between inquirer and a domain of texts
Conceptual Relevance
Constructive Retrieval, automation, and the human element
Constructive Retrieval and concept mapping
Swanson'$Jndiscovered Public Knowledge: an Assimilation Theory view
Constructive Retrieval an oxymoron?
IV.3 Impact (Benefits and detriments) of Constructive Retrieval (CR)
IV.4 LIS as an Assimilation Theory-consonant scholarly field
Context
Recognizing the uniqueoncern of library and information science
What are library and information science's core concepts?
Records, instruments, and instrumented records
Intermediation
Structure of the field
Interdisciplinary vs. a unique conceptual core
Which scholarly fields are LIS' next-of-kin?
Research process as part of LIS
Conceptual skills and implications for LIS curricula
Specialized (non-core) skills
Value of inquiry-related skills
IV.5 A program for ongoing research
IV.6 Conclusion

Xiv



1.1
1.2
1.3
1.4
1.5

1.7
1.8

Part |

Introduction

Preface
Motivations for the study
The Research Question
Central hypothesis
Context and assumptions
Assumption: The Basic Relationship is a central concern of LIS
Corollary: Improvement of current LE&eorymight result from achieving a
better understanding of the Basic Relationship
Corollary: Failure modes in LIS service and practice might be attributable to
a common factor: inadequate understanding of the Basic Relationship
Limiting assumption: inquireranly objective isbecoming informed
Corollary: LIS' concern with an inquiretb®coming informed distinct from
many operational LIS objectives
Corollary: "First person data" are valid
Assumption: Constructivism is a useful metaphor for understanding the Basic
Relationship
Assumption: Concerns of Assimilation Theory eoeparableto LIS concerns
Corollary: Use of Assimilation Theory &pplicableto LIS concerns
Assumption: Assimilation Theory is valid
Assumption: Use of adjacent theory is apt
Corollary: How peopldecome informets the primary focus of other fields,
not LIS
Approach and methodology
Overview
Four preparatory tasks
Five Stages and work products
Stage One: Principles of Assimilation Theory identified
Stage Two: Derivation of analytic criteria
Stage Three: Analysis and findings
Stage Four: Implications
Stage Five: An improved LIS framework
Study methodology differs from current LIS convention
Scope
Summary of significant issues and limitations



Part |

Introduction

.1 Preface

This investigation originates from the belief that improvement in the theory, practice, and
professional education in library and information science (LIS) results from a better
understanding of the relationship betwéem people become informadd the

intermediating role of LIS, the Basic Relationship.

To examine this Basic Relationship a plausible operational explanation of how people
become informed is required. Assimilation Theory is selected for this purpose, although
the fields of educational psychology, communications theory and rhetoric, and cognitive

linguistics offer much that might have served as a point of departure.

Assimilation Theory is a system of ideas from educational psychology by David Ausubel
and his followers. The notion afieaningful learningcentral to Assimilation Theory, is
interpreted as comparable to the LIS concern tatlv people become informed
Correspondingly, meaningfuéceptionlearning is understood to mirrbow people

become informed through LIS systems and pratiee servicaeceived. This

investigation anticipates improved LIS theory and practice through projection of relevant

elements from Assimilation Theory onto LIS concepts and doctrine.

The Primary Finding reveals a substantially inadequate LIS understanding of the Basic
Relationship according to the criteria derived from Assimilation Theory. Specifically,
LIS texts express consonance with Assimilation Theory to a small degree (5.6%),

dissonance with Assimilation Theory to a small degree (5.6%), and predominant (about



90%) obliviousness to most Assimilation Theory criteria. Overall, LIS theory, practice,

and education are found to bet consonanith principles of Assimilation Theory.

The Primary Finding leads to a speculative section (Part IV) describing an Assimilation
Theory-consonant LIS comprising conceptual indexing as a complement to present
indexing and description, constructive retrieval (CR) as an alternative to information
retrieval (IR), and an LIS curriculum and research program that advance these ideas. The
portions describing conceptual indexing and constructive retrieval are accompanied by a
worked example of Swanson's work in "undiscovered public knowledge" associated with

dietary fish oil and Raynaud's disease.

Part | provides the general framework for the study. Part Il develops the examination
criteria of the evidence examined, LIS texts, in Part lll. Part IV derives an Assimilation

Theory-consonant framework for LIS theory, practice, and education.

[.2  Motivations for the study

The primary motivation for this study is the ongoing pursuit of a better understanding of
the Basic Relationship betwean inquirer becoming informe@uckland 1988 Ch. 9],

i.e., one's thought becoming shaped through knowing, believing, or drawing conclusions,
and,LIS intermediation LIS intermediation operates between an inquirer and
instrumented recorddhat is, objects under LIS (bibliographic or other) control to

provide documents and services through which the inquirer can satisfy his or her inquiry.
This Basic Relationship is taken to be essential to our field of study, library and

information science (LIS), and as such, justification for its study is self-evident.



LIS has a dual identity as both a field of intellectual inquiry and as a professional
practice. Consequently, no simplistic characterization satisfactorily accounts for the

variety of influences that make LIS an interesting field and thus motivate its study.

Research nowadays is understood to be laden with personal and political interests. The
reader is entitled to full disclosure of the investigator's motivations beyond the generally
accepted warrant for improvement of knowledge in a given field. The most influential of

these are summarized here.

Among the motivations for this project are the potential impacts on both LIS theoretical
understanding and practice: First, critical analysis of LIS principles based upon
Assimilation Theory can reveal inconsistencies in, and unexplored aspects of, current LIS
understandings of the Basic Relationship. Second, recognition of inconsistencies and

their mitigation, can lead to better LIS practice.

A challenge is passed to us from prominent writers in our field stemming from their
frustration with approaches to LIS which do not account for meaning, nor how meanings
are constructed and used by inquirers. These are found particularly in the information
retrieval (IR) literature. A brief review of a sample of these views is worthwhile

(emphases passages below are mine):

Van Rijsbergen finds that theoretical progress in IR is stymied without attention to

meaning

In the last few years, | have become increasingly dissatisfied with the
state-of-the-art in information retrieval. | have reluctantly concluded that
the fundamental basis of all the previous work is wrong. Almost all of the
previous work in Information Retrieval (including my own) has been
based on the assumption that a form@lon of meanings not required to
solve the information retrieval problem. . . . [l]t has become clear that



further advances in the effectiveness of retrieval by such techniques
[estimation of relevance based upon statistical distribution of words, term
frequency, inverted document frequency, etc.] are not possible. My
observation is that performance based on statistical techniques has reached
its theoretical limit and any attempts to achieve further improvements are

a waste of time. . .. to build a new generation of Information Retrieval
systems, a new theory will be needed.

[van Rijsbergen 1986 (annotation added)]

Maron expresses befuddlement abaavto take cognitive issues into account, but

acknowledges that they are essential to the "central concern of our field":

Implicit in such a view [as he proposes] is a picture of the monumental
conceptual gap that now separates what we now know and what we would
like to know. . . .

The central concern of our field is . . . how to get access to the best current
recorded information on a given subject or problem. . . .

. consider first the human being as an information retrieval system.
The intelligent human with his marvelous memory and powerful cognitive
systems can read the running text of a docunueigkierstandvhat it says,
what it means and what it is abaut. He can take what the document
says and relate it to other things he believes in order to synthesize a more
current representation of what has been said. . ..

How is the human able to do what he does with information? How is he
able to read ordinary language text and comprehend its content? How is
he able to use received information in order to update and modify his
internal cognitive map of his world? How is that cognitive map, which
represents his current states of knowledge and belief, constructed? ... |
don't have any answers to these nor dozens of other such basic questions.
| venture to . . . [say] bluntly that no one has the foggiest idea of those
general principles which must underlie language comprehension.

[Maron 1983]

Swanson, renowned for finding concepts in one literature which are professionally and

bibliographically disconnected from cognate literatures, joins the chorus:



Bar Hillel's warning . . . that Mooers had confused IR with literature
searching led to Mooers' rebuttal that Bar Hillel had confused IR with
guestion-answering, both failing to notice that the bird-dog was neither
searching literature nor answering questions.

. what | call the ‘conceptual’ problems of IR -- the problems of
meaning

. I know of no solutions that have been offered to the problems of
meaning. . .

. Karen Sparck Jones who [observed] 'Overall, the impressions must be
of how comparatively little the non-negligible amount of work done has
told us about the real nature of retrieval systems' [citation omitted]. In the
same book, Bill Cooper, commenting on the state of theorizing in
document retrieval, says pretty much the same thing: '‘Deep down . . . it's
shallow' [citation omitted].

[Swanson 1988].

Foskett reinforces the theoretical standstill:

At present, we do not know enough about the way in which the human
mind works to be able to give computers the right instructions to enable
them to perform intellectual operations; these must still be done by human
effort. [Foskett 1996 30].

Finally, Wilson expresses the unmet challenge concisely:

What we would like, for its possible help in improving techniques for
content representation, is deeper understanding of the phenomenon of
understanding itself . . .. [WilsonP 1983a 397]

These views are easy to summarize: how meaning emerges within human inquirers must
be taken into account for LIS theory to advance. Such consensus by luminaries in our
field is motivation enough to recruit knowledge from neighboring disciplines about how

people construct meaning, especially as it pertains to objects instrumented by LIS.



But the philosophical desire for better understanding is not the only motivation at work.
In their everyday reliance on LIS intermediation, inquirers are continuously confronted
by obstacles and interruptions to inquiry. In contemporary computationally-oriented LIS,

these are nearly always viewed as isolated technical problems. These include:

Inquirer's failure to find records wanted or needed (pecall (relevant
documents retrieved / relevant documents in collection) or choice of

collection);

"Information noise," i.e., too many irrelevant records (i.e., poecision
(relevant documents retrieved / all documents retrieved)) interferes with

the inquirer's sense-making capacity;

Inquirer receives more records than they can read, use, or understand
("information overload" or "information firehose" effect); records received

saturate the inquirer's cognitive processing capacity;

Inquirer cannot determine which records are relevant, and/or cannot filter

relevant from non-relevant information:;

Relevance of particular records to an inquirer is dynamic, but treated as

static by the LIS intermediary;

Inquirer is unable to use retrieved materials on account of problems in
interpreting expressions in the records, for example, on account of

unfamiliarity with language or format;

Inquirer is unable to use retrieved materials because they do not have
appropriate subject matter knowledge, and thus expressions in the

document do not evoke the ideas either intended or desired;



Inquirer has inadequate economic access to or control of informing

services;
Inquirer lacks mastery of information systems technology.

Such phenomena are interpreted here, not as isolated technical challenges, but as
potentialevidence of a common theoretical flaw: a poor understanding of the Basic
Relationship. It is not the primary intention of this study to solve any of these technical
challenges. Rather, their characteristics are analyzed and their affinity with the Basic

Relationship is investigated.

.3 The Research Question

The research question underlying this study is tripartite:

(1) How has the relationship betwdsmw inquirers become informeohd
how LIS systems intermediate to serve that ing\thex Basic

Relationship) been understood in LIS theory and practice?

(2) How might this Basic Relationship be interpreted according to

Assimilation Theory?

(3) How might the contrast between these two understandings suggest an

improved LIS theoretical framework and better practice?

Component (1) provides a baseline against which the findings from (2) are contrasted in
(3). Component (2) operationalizes the analysis by attempting to distinguish which

aspects of conventional LIS theory and practice pertaining to the Basic Relationship are



consonant with Assimilation Theory, which are dissonant with Assimilation Theory, and

which are silent as to principles of Assimilation Theory.

Component Question (3) prompts the primary work product intended for this project: a
framework of specific proposals for improvement of LIS theory and practice, including
clarifications of the Basic Relationship through transfer froeaningful reception

learning improved understandings of how inquirers construct new understandings from

LIS intermediation with documents, classifications, and other service modes.

Adjacent to Assimilation Theory are various systems of ideas about how people read,
write, understand through engagement with texts. How might these ideas, in concert with

Assimilation Theory, amplify understanding of the Basic Relationship?

For (3),_Implications for LIS Theoretical Framework and Practical Application: What

does themeaningful reception learningortion of Assimilation Theory suggest can be
done by specialists, e.g., LIS agents, designers, and systems, to assist an inquirer in
becoming informed? What principlesmataningful reception learningpeory transfer to
organization and representation of an LIS-instrumented collection? In what ways might
Assimilation Theory-compliant LIS systems differ from those designed according to
present LIS conventions? Even if ascertainment and representatiomqtiaer's
knowledge structure and cognitive assimilation processes are possible, how might LIS
agents and services produce comparable representations of documents and collections,
i.e., in an Assimilation Theory-compliant manner. Assimilation Theory teaches that
knowledge is noin a representation of a document or collection, nor @vardocument

or collection itself, but only arises in the mind of an author, cataloger, or reader who

constructs meaning from the document or collection and from his or her existing



knowledge. How might Assimilation Theory-compliant LIS representation of documents

and collections, and LIS service, reflect this understanding?

.4  Central hypothesis

Hypotheses are propositions to be tested in the course of the study, and thus distinct from

assumptions. This study is founded upon a two-fold hypothesis:

Critical review of LIS theory and convention according to the tenets of
Assimilation Theory can reveal inconsistencies in, and unexplored aspects

of, current LIS understandings of the Basic Relationship.

.5 Context and assumptions

The focus of this report is upon principles underlying intermediation between inquirers
and LIS-instrumented collections. Assumptions and corollaries, i.e., untested hypotheses,

about LIS underlying this study can neverchenpletelyexpressed, but include:

Assumption: _The Basic Relationship is a central concern of L& relationship

betweerhow inquirers become informeshdhow LIS systems operate to serve an
inquirer (the Basic Relationship) is taken here to be, in part, one of cause and effect:
Inadequate understanding of the Basic Relationship is a cause of weakness of LIS theory,

and gives rise to misunderstood events and results, unsolved riddles, and inconsistencies.

Corollary: Improvement of current Li®eorymight result from achieving a better

understanding of the Basic Relationship.
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Limiting assumption: inquirersnly objective ishecoming informed This study assumes

that an inquirer's use of LIS services is confined to the objective of becoming informed.
Other uses of LIS resources are conceivable, even common, for example, for
entertainment, for rote use of documents (e.g., "l have to get a book so | can do a book
report” or "l just need some stuff to put in my social studies report"), as a source for
collectibles, as sources for forms for business or legal transactions, or even use of library
facilities for shelter. A function in the middle of this spectrum is the operation of

"literacy programs" in which libraries promote reading, in the face of reports of
dramatically declining national literacy [NEA #46 2004]. Despite these, a simplifying
assumption is made for the present study that an inquirer's motivation in engagement with

LIS systems and services is to become informed.

Corollary: LIS' concern with an inquirebgcoming informeds distinct from many

operational LIS objectives. Concern for systems, manipulation of records, document

delivery, and other technical services is, at best, only indirectly related to a concern for an
inquirer'sbecoming informedWith regard to intellectual inquiries, inquirers evaluate

LIS service according to the extent to which tbegome informedot merely based

upon being directed to indexes to published articles, receipt of database search results, or
even receipt of documents from a collection. The inquirer knows that access to these

external materials is not the same as habegpme informed

Corollary: "First person data" are assumed valits understanding as to events and

objects that comprise the mind of an inquirer are relevant because it is the inquirer's mind
that isbecoming informedWhat inquirers know and the cognitive and mental processes
they perform cannot be ignored in favor of external surrogates (data, measurements,
survey responses, interviews), even if those surrogates appear more easily measurable,

more instrumentable, or more "scientific."
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A common objection to the use of cognitive phenomena or mentalisms as data in
scientific investigations is their irreproducibility and unverifiability by other researchers.
This objection discounts the fact that, in daily life, using language, people continuously
substantially reproduce ideas held by others, and verify that they have done so. This is

the very purpose of communication.

The phenomenological position taken here is that minds, ideas, and relationships among
ideas, are real to the inquirer. Concepts, conceptual structures, mental models, and

metaphysical cognitive phenomena are assumed to be appropriate objects for study.

This report uses the notionsadnceptandrelations among conceptsn this, it

continues a long established tradition in philosophy, education, and, library and
information science (LIS). Concepts are regarded as in the mental realm, not the physical
tangible world. Strong disagreements about the nature of concepts in the form of
contrasting epistemological positions (e.g., realism, idealism, constructivism,
phenomenalism , etc.) leave theory built on any one open to criticism from the others. A
working assumption upon which this report is grounded is that a notion of concepts is
useful for theoretical and practical purposes. The report intends to be agnostic regarding
the natureof concepts to the extent possible given Ausubel's characterization of concepts
(Part 1.1). In this way, commitment to any specific theory of cognition or mentalistic
position is avoided. Theory is purposive. Here, the purposes are to relate theory to
reality and to draw practical and professional conclusions based on empirical evidence
(published texts). In so doing, theory is acknowledged fard»asional to be discarded

in the event better theory is encountered or constructednenhplete

Assumption: Constructivism is a useful metaphor for understanding the Basic

Relationship. In embracing Assimilation Theory, one inherits the paradigm of
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constructivism. Constructivism refers to the idea that pespistructknowledge

structure thoughts aréormed and minds arshapedall through cognitive processes.
Construction as intended here, refersfasming a new object by combining elements in a
suitable orderandis associated with material and labor. It can be messy, grimy, and

dirty. Progress can be slow. Construction requires planning.

Constructivism is an imperfect metaphor in several ways. For example, connections
between conceptual nodes are more like triggers than bolts or nails used for erecting a
house or skyscraper. Yet the metaphor of construction is an improvement over the
notions that becoming informed consumes no cognitive labor, that receipt of
"information" equates to becoming informed, that concepts exist outside of minds in the
physical realm, or that knowledge cant@nsmittedinto peoples' mindas knowledge

All these lead to ignoring or discounting cognitive labor and its nature, and, in turn,

thwart attempts to understand how humans learn and communicate.

Construction is not the only possible metaphor that might be chosen to guide thinking
about the research question underlying this study. Figuggewth of triggers or
connectionist approaches perhaps might facilitate understanding as well. Nevertheless,
the predominant trope embraced by the originators of Assimilation Theory and many of

the adjacent ideas used here inherit characteristics from the concepstfiction

Assumption: Concerns of Assimilation Theory aoenparableto LIS concerns.

The notion ofmeaningful learningcentral to Assimilation Theory, is interpreted as
comparable to the LIS concernladw people become informexhd correspondingly,
meaningfulreceptionlearning is understood to mirrbow people become informed

through LIS systems and practige., servicaeceived.
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Corollary: Assimilation Theory iapplicableto LIS concerns. Because the primary

concern of LIS is how inquirers become informed through use of LIS intermediation, it
follows that knowledge of how people become informpedseis (logically) relevant.

Thus, LIS leverages upon the efforts of a larger enterprise encompassing cognitive
science, rhetoric, philosophy, and educational psychology, of which Assimilation Theory

is part, for ideas applicable to the subset of these concerns which are also central to LIS.

The assumption that Assimilation Theonafplicableto the research question here is
based on the above assumption that their respective elemeotsrgrarable

Nevertheless, this leap deserves further explanation. The purposes of education (and
educational psychology) and LIS are manifestly distinguishable from one another:
Education's primary concern is clearly with learners. LIS is often regarded as primarily
concerned with connecting inquirers to documents and managing collections in
anticipation of inquiries. A different assumption of LIS purpose is made here: LIS is
concerned with whether and how inquirers become informed, albeit through use of

documents and supporting LIS resources, such as catalogs, databases, and indexes.

Both LIS and education (and by extension, educational psychology) promote the same
objective: people becoming informed, although through different types of labor and
systems. Education may be seen as broader, being concerned with aspects of meaning
construction beyond those of finding and using documents, instead including
construction, organization and presentation of explanations, curriculum design and
development, classroom technique, and school administration, to name just a few.
Nevertheless, the concern for how people construct meaning from use of documents, and
principles for determining which documents to recommend to an inquirer or learner, are

closely aligned, if not identical in both domains. LIS subject matter is not wholly
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circumscribed by educational nor communication theory, xeéngrally concerned with

organizing documents and expressing their concepts for retrieval and use.

Just as learning, construction of meaning, does not occuafiahdelivery of curricular
material to a student or learner, so too does an LIS inquirer's process of becoming
informed not remain dormant until document delivery, digital or otherwise. Indeed, both
student/learner and LIS inquirer construct meaning throughout the course of their
"conversation" with teacher or LIS resources respectively. LIS research has not advanced
this idea much beyond the notion of relevance feedback and the reference interview.
Educational theorists have, however, integrated this principle into much of their work and
obtained useful results. Thus, LIS theory might benefit from the projection of ideas from

educational theory onto questions, gaps, and inconsistencies still at-large in LIS.

In sum, Assimilation Theory is assumed todpplicableto LIS concerns.

Assumption: Assimilation Theory is assumed valid.

This assumption is addressed in detail at the end of Part 1.1 (Validity; critical evaluation

of Assimilation Theory).

Assumption: Use of adjacent theory is apt: Understanding how inquirers read, write, and

think also pertains to understanding the Basic Relationship. If LIS is a discipline of

bibliographic instruments, systems, and other intermediation that operate, in part, upon
documents which inquirers use to become informed, then it must be important to
understand the relationships among their physical structure, linguistic expressions, and
the structure of the concepts they provoke, and the role these structures play in becoming
informed. That is, understanding the relationships between people and documents is

indispensable to understanding the Basic Relationship. Such people-document

15



relationships include reading, writing, language, the nature of communication, physical
manifestations of these, and non-written modalities such as images and maps. An
underlying assumption in this study is that, because LIS is a discipline of intermediation
between inquirers and documents, bibliographic instruments, and systems, understanding
what people do as they interact with documents is indispensable to understanding how

they become informetthrough LIS intermediatian

Corollary: How peopld&ecome informeds the primary focus of other fields, not LIS.

In LIS, one is concerned with intermediation between inquirers and document
collections. LIS does not purport to conduct research in cognitive science, linguistics,

psychology, although individual LIS researchers qualified in these fields might do so.

Assumptions specific to Assimilation Theory. Assumptions pertaining to, and also those

inherent in, Assimilation Theory are articulated in the next Part. Among the more
important of these are that one person's knowledgée partially ascertained by

another, but nevarompletelyapprehended nor thoroughly expressed by linguistic terms.
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.6  Approach and methodology

Overview
Four preparatory tasks
Five Stages and work products
Stage One:  Principles of Assimilation Theory identified
Stage Two:  Derivation of analytic criteria
Stage Three: Analysis and findings
Stage Four:  Implications
Stage Five:  An improved LIS framework

Study methodology differs from current LIS convention

Overview

This investigation is organized into nine Tasks. Of these, four (Tasks 1, 2, 3, and 6) were
essentially completed during proposal preparation. The other five are designated as post-
proposal Stages. Some Tasks result in intermediate work products, e.g., descriptions,
assessments, or other interim records. Tasks which are Stages, result in chapters
appearing in this report, and, in some instances, intermediate work products as well.
Figure 1.1 illustrates the connections among these nine Tasks and how future research

might flow from the implications of this study.
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Four preparatory tasks

Referring to the Arabic numerals in Figure 1.1, Task 1, illustrates the motivations for this
study,viz., a continuous pursuit for improved theory and the desire to understand and
mitigate obstacles encountered by inquirers in their use of LIS systems. From these two

motivations, the research question and testable hypothesis were formulated, Task 2.

As Figure 1.1 shows, selection of Assimilation Theory to instrument this inquiry (Task 3)
does not originate within the intra-LIS cycle of "research question-research-engineering-
use-new research question,” but instead enters from outside. Yet, an important
relationship between the research question and the use of Assimilation Theory obtains:
that the idea ofmeaningful learningdeveloped in Assimilation Theory, may be

understood as comparable to the LIS concehowf people become informeathd thus,

that Assimilation Theory's notion of meaningfateptionlearning parallels LIS’

concernhow people become informed through LIS intermedigBervicereceived.

Task 6 resulted in characterization of thematic literature clusters and selection of
representative LIS texts from each thematic cluster to be examined according to the
analysis criteria_(Stage Two). Of course, analysis of only a limited number of texts from
each thematic group is feasible within the scope of the study. Future investigations may

extend analytic coverage of LIS texts not examined in the course of this study.

Five Stages and work products

Each of the five stages represents a task that culminates in a section of this report.
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Stage One: Principles of Assimilation Theory identified

In Stage One, (Task 4), the work products consist of chapters summarizing the essential
principles of Assimilation Theory and selected adjacent literatures, primarily ancient

rhetoric, linguistics, and philosophy of language.

Stage Two: Derivation of analytic criteria

The work from Stage One is used in Stage TWask 5) to develop a set of criteria for

examination of the selected LIS texts. These criteria appear as Appendix | in this report.

The 569 Stage Two criteria perform two analytic functions: First, they instrument, or
make visible for study, LIS understandings of each text much as staining biological
samples with dye or labeling with tritium make particular matter visible within an
organism. Second, they prompt a separate Assimilation Theory-based understanding of
each LIS text, in turn, revealing LIS consonance with, and deviations from (dissonance

between or silence as to) the tenets of Assimilation Theory.

Each_Stage Two criterion is formulated as a question to facilitate the analysis of the text

and referred to by a siglum, e.g., the ascertainment criterion is denoted as [Criterion 122].

Stage Three: Analysis and findings

The purpose of Stage Three, (Task 7), is to produce findings through analyzing selected

texts according to Stage Two examination criteria.
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Stage Three consists of two stages: (1) selecting texts for analysis, then (2) performing

analysis by applying the criteria to each text.

In (2) analysis, as a text is read, passages that reflect Stagaitesia are recognized.

In that event, a notation is made on the working data document (itself a miniaturized
version of the Stage Two criteria) immediately adjacent to the criterion recognized as to
the page number and any annotations deemed appropriate. An indicator of "+" is
generally used to indicate consonance, "-" indicates dissonance. At the conclusion of the
analysis for each text, an overall summary is indicated at the top of the working data
document ("+", "-", or "0" indicating that the text generally was silent as to Stage Two
criteria). If a significant number of consonant or dissonant observations were made from

analysis of a "0" text, as was frequently the case, a summary indication of "0/+" or "0/-"

is inscribed on the working document header.

The analyses of texts is an interpretative exercise, both in constructing meaning of the

text and in application of the Stage Twao criteria. Use of "first person” data, the
investigator's own interpretations, assumes that the analyst is capable of (1) evoking ideas
reflective of LIS theory, teachings, or practice; (2) imaginatively constructing an
Assimilation Theory-compliant interpretation, and then (3) contrasting these

understandings.

Although no guarantee can be given that these interpretations are reachable nor
reproducible by other investigators, a senior faculty member replicated the analyses of

approximately a half-dozen texts with generally consistent findings.

In principle, each Stage Two criterion is applied in Stage Three (2) analyssh

selected LIS text. Operationally, however, a fairly sparse matrix is found. That is, many

texts are silent with respect to many of the criteria. (A "text" might be a passage, a
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chapter, or even an entire volume, although at that granularity, only the most predominant

ideas are the focus of analysis.)

Stage Four: Implications

In Stage Four, (Task 8), the silences and dissonances with respect to Assimilation

Theory, recorded as findings from Stage Three analyses, are probed to identify causal and

other relations that bear upon the Basic Relationship. The resulting implications are
claims to the effect that, where findings are dissonant with Assimilation Theory,
obstacles to becoming informed are explained. The Stage Four work product is a chapter

describing these implications.

Stage Five: Animproved LIS framework

In Stage Five, (Task 9), the implications presented in Stageafewsed to derive
suggestions for an Assimilation Theory-compliant framework for LIS theory and
practice. The work product is a chapter describing this improved LIS framework, its
potential impact upon obstacles to becoming informed through LIS intermediation and
consequent benefits to inquirers, and suggestions for follow-on theoretical and

engineering work.
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Study methodology differs from current LIS convention

The methodology employed in this study differs from those common in contemporary

LIS research as found in its mainstream literature (@A$]ST Information Processing

and Management.ibrary Quarterly, Annual Review of Information Science and
TechnologyandDLIB) in two ways: (1) the objects or phenomena studied encompass the
inquirer's mental constructs and processes, rather than only those objects found in the
observable world outside the inquirer (such as automated systems, digital artifacts,
interfaces, algorithms for manipulation of records, and even data derived from observable
"user" behavior); and (2) the type of instruments used for making mental phenomena
visible for study are theories and techniques from educational psychology and adjacent
disciplines, rather than those adapted from bibliometrics, computer science, behavioral

studies, or other social science approaches.

The present study stands in contrast to earlier attempts to read cognitive theory into the
LIS literature. These approaches have promoted the "cognitive viewpoint" theme during
the last thirty years. The main distinction rests on the proposition that our field benefits
from building upon theory developed by disciplines concerned with how people become
informed generally, particularly educational psychology, linguistics, linguistic

philosophy, cognitive science, and early rhetorical theory. The "cognitive viewpoint"
literature is sparse in its use of, and even reference to, any of these, preferring to originate

its own postulates in these areas.

Not all corners of the greater LIS enterprise neglect the importandeasfas an object
of study, nor their domain. As shown in the analysis of selected LIS thematic literature

groups below, classification specialists, thesaurus designers and maintainers, preparers of
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materials for abstracting and indexing services, and reference specialists, openly embrace

mental phenomena as legitimate, even essential work material and media.

Factors contributing to the abandonment of conceptual phenomena as objects of
investigation in information science, and thus their apparent novelty here, are accounted
for in the historical literature of our field. In summary, the increasing influence of
scientism, fascination with the efficiency of machines, the rise of digital computing and
networking, and the consequent paradigms of minds-as-computers, are foremost among
factors that have led LIS researchers to limit their interests to mathematical, "scientific,"
and algorithmic approaches to their subject matter. These perspectives have had the
effect,not of complementing humanist methodologies and concern for that which is
uniquely human, mind, but of displacing them. LIS researchers often perceive
themselves to be bound by methods and conventions used in the physical sciences, and
accordingly, as forbidden to study mental phenomena under the mistaken impression that
measurement ahventioanddispositiocannot be instrumented for observation. Invisible
phenomena in the physical world are instrumented for human inspection by microscopes,
telescopes, and other devices for representation in sensory-susceptible form. The study
undertaken here is made possible through the availability of various devices used by
psychologists and others for accessing and observing people's knowledge. Of these,
Assimilation Theory, Fauconnier's blend analysis, concept maps, Vee-diagrams, the
divisions of rhetoric, linguistic theories as to metaphor and the neural basis for thought
and language (Lakofét al), reading theory, and others are utilized. All arise from
acceptance of the notion that how people think is legitimate matter for scholarly
discourse. Thus, the reader may find that the methods and instruments adopted here

differ markedly from those found in conventional LIS research.
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This investigation is approached from a humanities perspective because becoming

informed is inherently interpretative.

How a reader assimilates a text is an eminently personal matter, involving
choice and a restructuring of what is written. ... Although writing is
necessarily presented as a succession of words, lines and pages designed
to be scanned in linear fashion from beginning to end, readers are none the
less free to discover that space as they wish. Better, they are not passive
when confronted with a text, and they need not necessarily accept its
values and ideas.

[Gilmont 1999 232]

Mind is essentially human, personal, and individual. It is individuals who become
informed or not, are held accountable for what they know and do, and have sensory
experience from which their abstract knowledge structure arises. Interpretation and
expression of thought are both acts that define humans and the study of them, the

humanities

l.7 Scope

The analyses performed, conclusions drawn, and claims made in this report are confined
to LIS. While the writer is indebted to many other fields for ideas applied here, no
presumption of masquerading as qualified psychologist, cognitive scientist, trained
educator, rhetorical specialist, linguist, nor accomplished philosopher is claimed. In
particular, the general question of "how people become infogaeerally is not

investigated here. Rather, principles constructed in these domains are applied to LIS

concerns, in particular, "how inquirers become inforttiedugh LIS intermediatiah
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Some matters, widely regarded as "information" issues, lie wholly situated outside the
inquiring mind, are minimally related to LiStermediation and are thus deemed beyond

the scope of this study. Among these are intellectual property issues which are matters of
law and public policy, technological problems related to network engineering or

computer science, privacy issues which are the domain of institutional policy and ethics,
and commercial and regulatory information policy, better understood from management,

economic, and policy perspectives than through the Basic Relationship.

Other familiar LIS themes lie outside the scope of this study as well. Among these are
preservation, conservation, and archival issues, library technical services , and
implementing and maintaining LIS computer systems. Issues pertaining to specific
intellectual communities, such as users or producers of scientific and technical
information, government documents, or, art or music librarianship are declared to be

beyond scope.

.8  Summary of significant issues and limitations

Selection of analytical instruments. Assimilation Theory is taken as valid. To the extent

evidence is found to the contrary, the reader may interpret the conclusions here

accordingly. Assimilation Theory is acknowledged to be incomplete, as is any theory.

Selection of methodology. The use, in this report, of "first person data," an interpretative

methodology, has been disclosed above. Positivists may view this as a limitation to the
validity of the conclusions reached. However, the platform from which positivists argue
their case is itself problematic. The study of concepts and mental phenomena is too

important to ignore generally, and too essential to LIS to exclude from study.
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Accordingly, it is expected that future investigators might obtain different results, that is,
different interpretations, perhaps using different analysis criteria. No claim is made to

satisfy the reproducibility criterion inherent in scientific method.

Selection of evidence examined. The data selection adopted for this study relied upon

examination of texts from numerous LIS sub-literatures. An assumption made in this
study is that these texts reflect what is known as to LIS subject matter. Both the
collection examined and the analysis operation itself were, of course, susceptible to
incompleteness. The LIS literature is large both in pages published and in the number of
categories. The risk in challenging the very foundations of an entire field is that some
important texts and ideas might be overlooked, either inadvertently or by the necessity to
limit the sheer volume of evidence examined. However, the danger here was no more
than in the research enterprise generally, and is answered by the anticipation of follow-on

studies by this writer and others.
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Part Il

Analysis Criteria

Overview of Part Il
[I.L1 What is Assimilation Theory?
Sources
Disciplinary and epistemological contexts
Themes and principles of Assimilation Theory
Presupposition: Learner's primary goal is to acquire meaning
Interpretation oficquireandacquisition
Assimilation Theory emphasizes cognitive knowledge
Meaningful learning: a learner relating new ideas to their prior knowledge
Prerequisite for a teacher relating new ideas to learner's prior knowledge:
ascertain concepts and relations in their prior knowledge
Mandate to teacher: "teach accordingly"
Meaningful learning is distinct from rote learning
Meaningful learning requires learner to expeetiberatecognitive effort;
intent
Meaningful learning and epistemological individualism
Meaningful learning elements
Cognitive objects in meaningful learning:
Concepts
Anchor concepts
Granularity of concepts
Relationships among conceptsieaning
Cognitive structures
Cognitive processes in meaningful learning:
Transfer
Subsumption
Progressive differentiation
Superordinate learning
Integrative reconciliation
Process characteristics
Motivation and attention
Endpoints
Feedback
Learning set
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Cognitive variables in meaningful learning
Cognitive capacity.
Concepts missing (relative to a reference structure); Gaps
Preconceptions
Readiness to learn
Meaningfulreceptionlearning
What is meaningfuleceptionlearning?
Material presented to learner is oplgtentiallymeaningful
Meaningful reception learning is distinct from discovery learning
Reception learning is distinct from problem solving
Instruments associated with Assimilation Theory
Advance organizers
Vee-diagrams
Concept maps
K-W-L charts
Personal interviews
Role of instruments in assessment and evaluation
Validity; critical evaluation of Assimilation Theory

30



Overview of Part Il

This Part reviews the characteristic elements of Ausubel's Assimilation Theory,
particularly the elements directed to meaningful reception learning (Part 1l.1). These
elements are developed in greater detail (Part I1.2) resulting in analytic criteria (expressed
as questions) to be used to ascertain whether any given LIS text includes this component.

contradicts this component, or is silent with respect to it.

Stage Two criteria are derived from two general sources: (1) principles of Assimilation
Theory (Section 11.1) and (2) concepts from educational psychology's neighboring
literatures (particularly, early rhetoric, linguistics, and philosophy of language) that
amplify principles of Assimilation Theory (Section 11.2). Stage Two criteria are itemized

in (Appendix 1).

Among the criteria for ascertaining whether a text expresses Assimilation Theory

elements are, for example:

[Crit.113] Is educational psychology embraced as relevant to LIS?

[Crit.114] Is the epistemological position of constructivism, that is, that one

constructs ones own knowledge, embraced?

[Crit.115] Does the text disclaim thateascan beoutsideof people, during

transmission or otherwise?

Throughout Part Il, as different aspects of Assimilation Theory are examined,
comparable criteria are identified. These criteria are not explicitly listed in Part I, but

are listed in Appendix I.
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[I.L1  What is Assimilation Theory?

David P. Ausubel applied the name Assimilation Theory to his wamkeianingful
learning Both the termassimilationand a fundamental tenet of Ausubel's theory are

clearly traceable to psychologist Jean Piaget:

Assimilation. . . by incorporating new elements into its earlier schemata
the intelligence constantly modifies the latter in order to adjust them to
new elements [Piaget 1963 6-7].

Ausubel developed his ideas during the later part of the Twentieth Century through
teaching and research in educational psychology at the Graduate School, City University
of New York, and private practice as a medically-qualified psychologist (MD).

Ausubel's work on Assimilation Theory culminated in 2000 with publication of his book
The Acquisition and Retention of Knowledge: A Cognitive Vjdwsubel 2000]. (see

also:

[Novak 1998 51] and [Footnote 1l1.1])

This section summarizes the disciplinary context, significant themes, major principles,

and some of the nomenclature of Assimilation Theory which underlie Stage Il criteria.

Sources

An early version of the ideas which Ausubel eventually termed "assimilation theory"
were published in his 1963 book, "The psychology of meaningful verbal learning"
[Ausubel 1963]. Nearly four decades later, a "full-scale revision" [Ausubel 2000. ix]
appeared as "The Acquisition and Retention of Knowledge: A Cognitive View"

[Ausubel 2000] (cited henceforth as "[ARK]"). This recent book is taken as the primary
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source for Assimilation Theory claims utilized in this study. His earlier book,
"Educational Psychology: A cognitive view" [Ausubel 1968], and its second edition

[Ausubel Novak Hanesian 1978], are occasionally cited in this report.

Joseph D. Novak at Cornell has popularized Ausubel's ideas by, in part, operationalizing
them in the form of concept maps and other instruments for graphically expressing
relations among concepts. These tools are used by students for learning and by teachers
for presentation of material and for assessment of student understanding. Of particular
value to this project are Novak's clear expositions of Ausubel's ideas and his first-hand
accounts in working with Ausubel. "Learning, Creating, and Using Knowledge"

[Novak 1998] offers accessible explanations of many of Assimilation Theory's themes.
Three other books complete the core Assimilation Theory texts, "Learning How to

Learn,"” [Novak and Gowin 1984], "Teaching Science for Understanding, A Human
Constructivist View," [Mintzes Wandersee Novak 1998], and "Assessing Science

Understanding,” [Mintzes Wandersee Novak 2000].

Disciplinary and epistemological contexts

Ausubel taught and published in the field of educational psychology, and, holding an
MD, practiced psychiatry privately. His Assimilation Theory is grounded primarily in

the epistemological position of cognitive constructivism (Figure 11.1)

Although Ausubel's work is unlikely to be regarded as cutting edge in current educational
psychology discourse, his ideas have become popular more broadly. An inquiry of two
databases of educational documents performed in 2005 [Footnote 11.2] searching for

references to Ausubel and Assimilation Theory found more than 3,000 documents
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distributed across disciplinary boundaries and levels of sophistication. Similarly,
references to Novak's work are frequently found well beyond the education or
psychology literatures, often in the context of applying concept mapping techniques to a

given subject matter [Footnote I1.3].

Writing on themes in psychology in the latter part of the Twentieth Century, Ausubel
worked within the spheres of influence of Jean Piaget (1923 - 1952), known for his
complementary notions of assimilation and accommodation and for his constructivist
theories of cognitive development in children, educational theorist Lev Vygotsky (1896 -
1934) known, in part, for his notion staffoldingas applied to children's learning, and

Jerome Bruner who emphasized subject mattecture

Following the Soviet Union's successful launch of Sputnik, broadly interpreted in the

U.S. as leapfrogging both the U.S. space program and American technological prowess
generally, the educational establishment began a period of reevaluation. The disciplinary
context in which Assimilation Theory developed confronted controversies around the
notion ofrotenessn education. Ausubel believed roteness, and the institutionalized

doctrines and methods that foster it, to be the greatest nemesis to learning:
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Much of the psychology of learning that teachers in training study today is
based on findings from rote learning experiments that have been borrowed
wholesale, and uncritically, without any attempt to test their applicability

to the kind of learning situations that actually exist in classrooms. It

would be a shocking situation, indeed, if a comparable procedure were
followed in medicine, i.e., if physicians employed therapeutic techniques
validated onlyin vitro or by animal experimentation.

... The willingness of educational psychologists to extrapolate the
findings of rote studies naturally led them to neglect almost entirely the
nature and conditions of meaningful verbal learning and retention. This
naturally delayed the discovery of more effective methods of verbal
exposition, as well as helped to perpetuate the use of traditional rote
approaches to teaching. These methods continue to dominate much of
contemporary educational practice, particularly in the secondary school
and university.[ARK 27-8]

The paradigm of behaviorism was dominant in education and psychology during the

middle of the Twentieth Century. Ausubel and Mayer summarize:

The Neobehavioristic Theoretical Orientation

Like the behavioristic position from which it was derived, the
neobehavioristic view focuses presumably on “real” behavioral responses,
both overt and implicit, and their environmental instigators and reinforcers
as the proper objects of scientific investigation in psychology.
Consciousness, on the other hand, is regarded as a "mentalistic" concept
that is both highly resistive to scientific inquiry and not very pertinent to
the real purposes of psychology as a science,; it is largely regarded as an
epiphenomenon that is important neither in its own right nor as a
determinant of behavior. Furthermore, according to neobehaviorists, it
cannot be reliably (objectively) observed; and it is allegedly so extremely
idiosyncratic as to render virtually impossible the kinds of categorization
necessary for making scientific generalizations. In neobehavioristic terms,
for example, a concept is not regarded as a generic or categbeecal
consciousness but rather as a commesponsdo a class or family of

stimuli. [ARK 38]
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The rise of behaviorism in the first half of this [twentieth] century
formally restricted psychology's task to providing precise descriptions of
the relations among observable variables (Bower & Hilgard, 1981,
Skinner, 1938) -- the epitome of the literal view of scientific language.
During the behaviorist period, the literal view reached its summit in 1943
with the publication of Principles of Behavior by Clark Hull, a book that
sought to mathematize the laws of learning. Based largely on animal-
learning research, Hull provided formulas specifying the relations among
variables such as response strength, habit strength, drive level, and
inhibitory strength. .. .Today, Hull's attempt to build mathematical laws
of learning is largely viewed as a failure . . .

During the second half of this [twentieth] century, as psychology moved
from behaviorism to cognitive psychology . .. [Mayer 1993 564]

As noted by Mayer, by the end of the century, and Ausubel's career, this paradigm had

entered into decline, overtaken by cognitive constructivism:

the virtual collapse of the neobehavioristic theoretical orientation to
learning during the previous forty years; [followed by] . . . the meteoric
rise in the seventies and beyond of constructivist approaches to learning
theory. [ARK ix (annotation added)]

More broadly, Ausubel's work is historically and ideologically situated in the midst of
several shifts in philosophical thought as well. In particular, the undermining of
positivism, with its focus on finding one best answer to questions, influenced Ausubel's
writing [Novak 1998 50]. Positivism and epistemological behaviorism, where
understanding is claimed to come from observing behavior, were intertwined. Their
unraveling coincided with acceptance of the notion that overt behavior demonstrates

neither cognitive processes nor cognitive structure.

In contrast, in the phenomenalist camp (which Assimilation Theory inhabits), mental

objects are accepted as legitimate object of study:
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actual (phenomenological or psychological) meaning, which is a product
of a meaningful learning process ... [ARK 73]

In this light, the ternobjectis used frequently in the present essay in the grammatical
sense of "a thing to which an action, feeling, or thought is directed," including entities
that inhabit either the mental realm or the tangible world. That is, the don@bfeofis

not confined to the physical or material world. This is consistent with the position taken
here that concepts, thoughts, and ideas (i.e., mental erditieal to learnergreaders,

listeners, writers, speakers, thinkers). Bewa), they may properly be callexbjects

Assimilation Theory draws substantially upon the tenets of human (cognitive)

constructivism, which he characterizes as:

the learner's generation of new meanings which he purportedly 'constructs’
from the interaction between presented and related potential meanings in
the latter's cognitive structuresi¢] [ARK xi].

although he recognizes involuntary influences on meaning-making as well.

Perhaps the most essential aspect of constructivist theory is the event thataahotats

OocCcur:

Human constructivists reject the view that knowledge is a product that can
be faithfully conveyedy teachers.
[Mintzes Wandersee Novak 1998 49 (emphasis added)]

Note thatconstructivisms differentiated from sociaonstructionismwhere knowledge

is understood as constituted through social interaction:

Constructionism is both a theory of learning and a strategy for education.
It builds on the "constructivist" theories of Jean Piaget, asserting that
knowledge is not simply transmitted from teacher to student, but actively
constructed by the mind of the learner. Children dyetideas; they
makeideas. Moreover, Constructionism suggests that learners are
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particularly likely to make new ideas when they are actively engaged in
making some type of external artifact . . . [Kafai and Re<@66 1]

Indeed, cognitive constructivist metaphors predominate throughout Assimilation Theory

as revealed in terminology suchsiructure building, reinforcementconcretg and even:

. . .scaffoldingfor the meaningful learning and retention phenomena . . .
[ARK 38 (emphasis added)]

Concepts, cognitive structures, and cognitive processes are understood as existing in an

individual'smental realm:

Phenomenologically, meaningfulness is an individual matter. [ARK 55]

Ausubel's overarching theme is that, to be meaningfully learned, new ideas régeived
thelearnermust be connected tbeir existing knowledge, and the labor of forming such
connections must be borne explicitly by the learner. [Ausubel Novak Hanesian 1978, iv
(flyleaf)]. Thus, Assimilation Theory reflects Ausubel's commitment to methodological

individualism, and is explored in more detail later in this section.

Ausubel acknowledges that knowledge is also, in part, socially constructed:

Cognitive variables, on the one hand, and motivational-personality-social
variables, on the other, affect meaningful learning and retention through
different mechanisms. [ARK 9]

But Ausubel's focus is upon tieegnitiveaspect of learning in the individual learner.

In situating Assimilation Theory epistemologically and historically, Ausubel

acknowledges the influence upon his work of several Twentieth Century themes:

Some readers might also be somewhat surprised by the preponderance
of older references cited in the text of this monograph. . . . reflects the
much greater influence on the development and content of Assimilation
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Theory of such historical and current movements in psychology as
Structuralism, Functionalism, Gestalt Psychology, and certain aspects
of Schema Theory (Bartlett) and Cognitive Psychology, than of such
other opposing psychological movements as Neobehaviorism,
Information Processing, Cybernetics, Computer Models, and
Associative and Semantic Network formulatiofiBRK xv]

Themes and principles of Assimilation Theory

Ausubel's Assimilation Theory may be recognized through its signature assumptions,

principles, recurring themes, and idiosyncratic terminology.

Presupposition: learner's primary goal is to acquire newneaning
Ausubel's Assimilation Theory is based on two assumptions: (1) that people are meaning-
makers; and (2) that a learner's primary goal is tomg&aning Hence Assimilation

Theory is a theory devoted meeaningful learnindFigure 11.2):

The main focus of attention in this book [is] on the processes of
meaningful reception learning and retention, and on ways of enhancing
them, . .. [ARK 29 (annotation added)]

Assimilation
Theory

is concerned with

Meaningful
Learning

Figure 11.2
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Meaningis a defining characteristic @howledgeaccording to Ausubel:

Knowledge is meaningful by definition. [ARK vii]

Because meaning is an object of the mental realm and not the physical world, knowledge

is thus an object of the learner's intellectual domain, not a physical object.

A learner's immediate goal might appear tomtheerthan acquisition of new meaning for

its own sake. Ausubel's focus however, is the motivated student in a classroom context,
with teacher-prepared or administered materials used in formal learning environments. A
goal of acquisition omeaningi.e.,knowledgeis imputed to learners as their immediate

as well as long-term objective.

Interpretation of acquire and acquisition

Assimilation Theory centers upon deliberate cognitive effort by the learner. Yet, Ausubel
expresses the learner-reader's goal with the terminology of physical transmission, as the
"acquisitionand retention of knowledge." Thus, the learner-reader might be mislead into
interpreting Ausubel's work as discounting the constructive cognitive work that a learner
must do beyond the physicatquisitionof objects. Ausubel's position is quite the

contrary, and embraces the essence of constructivist epistemology.

One possible but unlikely misinterpretation of this book's terminology,

first appearing in the title itselfhe Acquisition and Retention of
Knowledgeand later throughout the text is the possible suggestion that the
conventional dictionary definition of "acquisition" in a learning context
implies a passive, sponge-like mechanical, authoritarian, and uncritical
ingestion of information, as an end in itself, rather than for the generation
(production, construction) of viable (hierarchically-ordered and -organized
subject matter) knowledge. However, in the context of this book,
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"acquisition" also has the more usual getheralmeaning (that also

applies here) of "gaining possession” of new meanings (knowledge) that
were not previously comprehended or were non-existent. . . . the term
"acquisition” in the title assjc] merely indicative of general concern with
achieving and promoting the goal of enhancing meaningful learning in
school and academic-like settings in assimilating subject matter. It will
almost certainly not be justifiably related in any credible way to the
dictionary definition of "acquisition” as a theory of meaningful learning.
[ARK x-xi]

Ausubel's cornerstone theme emphasizes the indispensability of constructive cognitive
labor inherent in learning and that meaningful learning requires willful, deliberate effort.
The interpretation ofcquisitionas a passive cognitive notion lies at the heart of the
conduit metaphor [Reddy 1979, 176-7, 181], of which English speakers are irdacted

massealespite conscious attempts to avoid it (see: Section 11.2).

Assimilation Theory emphasizes cognitive knowledge
Human beings think, feel, and act:

Throughout this book, | emphasize the interplay between thinking
(cognition), feeling (affect), and acting (motor or psychomotor).
[Novak 1998 51]

Human beings do three things: they think, feel, and act. [Novak 1998 12]

Accordingly, personal knowledge is not exclusively factual, but of several types:

cognitive knowledge, emotional knowledge, and psychomotor/physical sense knowledge.

Nevertheless, Assimilation Theory is directed primarily to understamdiggitive

process and knowledge:
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Ausubel's theory addresses primarily cognitive learning, or the acquisition
and use of knowledge. [Novak 1998 51]
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Meaningful Learning: a learner relating new ideas to their prior

knowledge
Meaningful learning is synonymous with knowledge:

Knowledge is meaningful by definition. It is the meaningful product of a
cognitive ("knowing") psychological process involving the interaction
between "logically” (culturally) meaningful ideas, relevant background
("anchoring") ideas in the particular learner's cognitive structure (or
structure of his knowledge), and his mental "set" to learn meaningfully or
to acquire and retain knowledge. [ARK vii]

Creation of new meaning is the presumed objective of meaningful learning:
the learner's generation méw meaningghich he purportedly 'constructs’

from the interaction between presented and related potential meanings in
the latter's cognitive structure. [ARK xi].

Assimilation
Theory

is concerned with

Meaningful
Learning

Main Principle

new . .. ideas are
related . . . to

what the learner
already knows

Figure 11.3
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Ausubel articulates the cornerstonaxadaningful learningFigure 11.3):

The essence of the meaningful learning process .. .isthat new. .. ideas
(the learning task) are related . . . to what the learner already knows (his
cognitive structure in a particular subject-matter field) [ARK 67-68].

Meaningful learnings not synonymous witlearning meaningful materidlecause

material is onlypotentiallymeaningful.

Ausubel distinguishes three kinds of meaningful learning:

Representationdkarning (such as naming) is closest to rote learning. It
occurs when arbitrary symbols are equated in meaning with their referents
(objects, events, concepts) and signify to the learner whatever meaning
their referents do. . ..

[Clonceptiearning [two methods]: (1) concept formation, which takes
place primarily in young children; and (2) concept assimilation, which is
the dominant form of concept learning

[V]erbal propositions . . . a composite idea that is expressed verbally in a
sentence [i.e., eelation between concepts]
[ARK 1-2 (emphasis and annotation added)]
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Prerequisite for a teacher relating new ideas to learner's prior

knowledge: ascertain concepts and relations in their prior knowledge

To relate new ideas to concepts and relations in the learner's prior knowledge, Ausubel

reasons that the learnes'priori knowledge must be ascertained (Figure 11.4):

The most important single factor influencing learning is what the learner
already knows.Ascertain this. . .
[Ausubel Novak Hanesian 1978, iv (flyleaf) (emphasis added)]
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How shall the teacher construct such an image of the learner's knowledge?
Communication (in the sense of sharing for the construction of meaning), the distinction
between public and private knowledge, and instruments (languages) directed to

ascertaining another's knowledge (Instruments, this Section) all enable this prerequisite.
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Mandate to teacher: "teach accordingly"

From the directive to "ascertain what the learner already knows," Ausubel reaches a

succinct conclusionteach accordinglyFigure 11.5):
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What actions satisfy this mandate?

Teachers must decide what is important for pupils to learn, ascertain what
learnings they are ready for, pace instruction properly, and decide on the
appropriate size and difficulty level of learning tasks. They are expected
to organize subject matter expeditiously, present materials clearly
simplify learning tasks at initial stages of mastery, and integrate current
and past learnings. ... offering confirmation, clarification, and
correction; asking critical questions; providing suitable rewards,
evaluating learning and development; and where feasible, promoting
discovery learning and problem-solving ability. Teachers must grapple
with . . . individualizationcommunicationand discipline.

[Ausubel Novak Hanesian 1978 10-11 (emphasis added)]
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Teaching materials are expected to express concepts that form a continuous connection of
concepts (clarity), between new ideas and the student's prior knowledge, that is, a path
through the gap between prior knowledge and new ideas. This expectation implies that
the teacher constructs an informal image (map) of concepts comprising the subject matter
(reference concept map), an image of the learner's knowledge (learner's concept map),
and then, by comparing and contrasting the two, constructs a third object, a conception of
the differences between the two. This process is revisited in the next section as
isomorphic mapping. That there are differences between the learner's knowledge
structure and a new "conceptual reference structure" or subject matter is evidence of a
gap in the learner's knowledge. Where either learner's map or reference map are unclear,
the differences in the two may be more difficult to recognize. In these circumstances,
Novak recommends rendering the learner's map and the reference map in explicit terms

and symbols, such as those of a concept map or other instruments (below).

Having ascertained discrepancies between the learner's map and a desired state, the
teacher selects or prepares teaching materials, then transmits them to the student. These

are intended to invoke processes leading to concept formulation and assimilation.

How do objects in the physical world operate to effect change in the learner's mental
realm? The concepts and relations expressed by the materials should be selected from the
ideas in the reference map but missing in the learner's map, i.e., the differences between
the two structures. Expression of these ideas by the teaching materials is expected to

result in construction of corresponding ideas in the learner's mind.
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Meaningful learning is distinct from rote learning
Ausubel conceptualizeseaningful learnings the antidote to rote learning (Figure 11.6):

Rote learnings . . . do not add to the substance or fabric of knowledge
inasmuch as their relation to existing knowledge in cognitive structure is
arbitrary, non-substantive, verbatim, peripheral, and generally of transient
duration, utility, and significance. [ARK X]

Rote learning occurs when the learner memorizes new information
without relating it to prior knowledge, or when new material has
insubstantialrelationship to prior knowledge.

[Novak 1998 19 (emphasis added)]
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The termnot substantivés the pivotal criterion differentiating roteness from
meaningfulness. A "substantive" relationship is comprised of multiple relations between

a new idea and the learner's existing "specifically relevant” knowledge.

It is important to recognize that meaningful learning does not imply that
new information forms a kind of simple bond with preexisting elements of
cognitivestructure. On the contrary, only in rote learning does a simple
arbitrary and nonsubstantive linkage occur with preexisting cognitive
structure. In meaningful learning the very process of acquiring
information results in a modification of both thewlyacquired

information and of the specifically relevant aspect of cognitive structure to
which the new information is linkedARK 3]

Learner's existing concept (C) structure

(b)
New concept, N, arises from sensed experience
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Meaningful learning also implies constant vigilance as to whether learning is well-
integrated with the learner's prior knowledge, or is not (i.e., rote), and that both new
concepts and existing knowledge undergo change as both become a part of new relations

among ideas as shown in (Figure 1.7 a-d).

)
Rote Learning: New conceptiNhas minimal (one shown here) relation to existing

concept structure.
For example, a new persom ,Nmay be encountered, and the name Smih, C

becomes associated with him.

(d)
Meaningful Learning: More aspects of new concept,i¢come related to existing
concept structure, with different types (types not differentiated in diagram) of relations.

For example, a new persong Nmay be encountered, his occupation become known as
"4th grade teacher"£;the name Smith, 47 associated with him, and the thought of the
new person invokes a thought of the learner's own 4th grade teacher, Mrs. Jolmson, C

Figure 11.7 a-d

Relating a new concept (INto existing concept structure
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Meaningful learning requires learner to expenddeliberate cognitive

effort; intent

Learning is work. It is labor that the learner him- or herself must perform. Perhaps this
is obvious, yet learning and thinking are often treated passively, or as automatic,
effortless. The cognitive processes that enable learning and thinking (described below)

cannot be passive, but require deliberate expenditure of cognitive energy (Figure 11.8).

. although it is possible for children to learn some things incidentally,
deliberateeffort is required for the efficient learning of most types of
academic material [ARK 33 (emphasis added)].
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Although individuals can acquire much miscellaneous information
incidentally,deliberateeffort is required for the efficient learning of most
types of academic subject matter. [ARK 194]

. irrespective of how much potential meaning may inhere in a particular
proposition, if the learner's intention is to memorize it arbitrarily and
verbatimly (as a series of arbitrarily related words), both the learning
process and the learning outcome must of necessity be rote or
meaningless. [ARK 68]

What is the nature of this cognitive labor? What work actually is performed? Why is it
difficult? Assimilation Theory stands on the epistemological platform of cognitive
constructivism, the claim that knowledge must be constructed by the learner rather than
passively received. Construction requires labor. It is not passive. One must recognize
what is already in place to know the best method of affixing new materials to it. Existing
structure must be sound before adding more to it, concrete must be dry. The second story
must exist structurally before the third floor can be set in place, even if constructed
elsewhere. Concepts too can be constructed elsewhere and presented in a completed
state, relieving the learner of some of the constructive labor: this differeméaggtion

learning fromdiscoverylearning.

In Ausubel's terms, the psychological work is the constructive integration of new ideas
with ideas previously held by the learner. Establishing new relations among concepts
may require several specific sub-tasks, including searching for and recognizing which
concepts are to be related or which attributes of which concepts are to be related,
recognizing the relations to be established among them, and determining whether the new
structure is to be associated with a linguistic expression label of its own. These are
accomplished through the processes described by Assimilation Theory (transfer,

subsumption, etc., below).
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The intellectual effort a learner expends is a cognitive component of the price or cost of
meaningful learning. It might be borne wholly by the learner, or subsidized through
constructive labor performed by others, but the final construct left to be assimilated by
the learner. Despite the discovery labor performed by others, this final assimilation still
requires cognitive labor to establish relations between the new constructing and their
existing knowledge, just as a home owner can avoid the labor of constructing a kitchen
counter byreceivingit from a vendor but the labor of connecting to the existing kitchen

must still be performed.

Novak reinforces the indispensability of the learnetsntto perform cognitive labor:

To Ausubel meaningful learnings a process in which new information is
related to an existing relevant aspect of an individual's knowledge
structure. Howevethe learner must choose to do this

[Novak 1998 51 (emphasis added)]

Nor can the integrative aspect of this labor be performed by others on the learner's behalf,

nor shared (see next section, Meaningful learning and epistemological individualism).

... learning is an activity that cannot be shared . . . is rather the
responsibility of the learner . . . [Novak 1998 113]
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Meaningful learning and epistemologicalndividualism

The Assimilation Theory principle requiring deliberate cognitive effort by the learner

comports with the epistemological position of individualism (Figure 11.9).

Assimilation
Theory

is concerned with

Meaningful
Learning

Main Principle

new . ..ideas are
related . . . to

what the learner

already knows

"Relating” is
accomplished
via processes

Processes
require
effort

Effort is
deliberate

Individualism
Burden of
cognitive labor
must be borne by
individual learner

Figure 11.9

55



Individualism holds, in part, that responsibility for one's knowing rests with oneself. Itis
directly opposed to the notions that knowledge can only be socially constructed and that
study of the individual mind is unwarranted. Methodological individualism derives from
the rationale that no two persons' concepts can be identical because knowledge arises, in
part, from one's accrued sensory experience. And because each person has different

experience, each constructs his or her own idiosyncratic meanings, personal knowledge.

Assimilation Theory recognizes thatividualsengage in intellectual challenges that
others do not, such as enduring a SAT test, earning a living, or qualifying for a driver's
license. Similarly, it is the individual learner who must perform the cognitive labor of

learning and who is held accountable for his or her knowledge and lack of knowledge.

.. . the assumption that social interactionagnitivelymediated . . . that

our interpersonal behaviors are determineavbgt we knowor believe)

about ourselves, other people, the situations in which we encounter them,
and the behavior that takes place in them.

[UCBPsych250C 2006 (emphasis added)]

Ausubel's commitment to individualism is unwavering:

.. .learnersare able effectively texploittheir own existing knowledge.
[ARK 77 (emphasis added)]

Novak affirms Assimilation Theory's epistemological position of individualism:

To Ausubel, meaningful learning is a process in which new information is
related to an existing relevant aspect ofralividual'sknowledge
structure. [Novak 1998 51 (emphasis added)]
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Meaningful learning elements

Ausubel specifies several cognitive resources that must be provided by the learner

(Figure 11.10):

New meanings . . . atbe product of an active, integrative interaction
[processes (2)] between [4] new instructional materials and [1] relevant
ideas in the learner's existing structure of knowledge. The conditions of
learning presuppose additionally the existence of a [3] meaningful
learning set in the learner . . . [ARK 40 (enumeration added)]

Potentially meaningful instructional materials are provided by a teacher.

Assimilation
Theory

is concerned with

Meaningful
Learning

cognitive objects
required

Main
Principle

new . . . ideas
are related . . .

to what the
learner already _ [4]
knows Meaningful physical Potentially
Learning objects meaningful
Elements required instructional

materials

comprises comprises

[2]
Cognitive
processes

[3]
Learning
set

Cognitive
objects

Figure 11.10

57



Cognitive objects in meaningful learning:

The first of the three elements required of the learnargsitive objectsi.e., an existing

Assimilation
Theory
is concerned with

Meaningful
Learning

cognitive objects
required for

network of ideas. (Figure II.11).
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Concepts

Ausubel definegonceptsas:

Concepts Defined and Kinds of Concept Learn@®gncepts may be

defined as objects, events, situations, or properties that possess common
criterial attributes and are designated by the same sign or symbol.

.. . criterial attributes of new concepts can be defined by use in new
combinations of existing referents available in the child's cognitive
structure. . ..

Concepts themselves consist of the abstracted criterial attributes that are
common to a given category objects, events, or phenomena, despite
diversity along dimensions other than those characterizing the criterial
attributes shared by all members of the category [ARK 2]

The first statement in the passage is ambiguous as to whether concepts inhabit the
physical world. Then, "concepts are criterial attributes™ and "criterial attributes defined

in the child's cognitive structure" locate concepts in the learner's mental realm.
Ausubel recognizes a bright line between concepts and linguistic expressions:

Concepts . . are designated btghe same sign or symbol.
[ARK 2 (emphasis added)]

reflects the notion that concepts are distinct from signs and symbols. Ausubel defined

concepts in terms of "criterial attributes™:

[l]t is very convenient to be able to represent the multipterial

attributesof a newly learned concept by a single word that is equivalent to
its meaning. But learning what the concept itself means, which, in effect,
consists of learning what its criterial (distinguishing or identifying)
attributes are, requires a very different type of meaningful learning that,
like propositional learning, is substantive in nature and intent rather than
nominalistic or representational.

‘These two types of meaningful learning (concept and propositional) differ
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in that in the former instance thaterial attributes of a new concept are
related to relevant ideas in cognitive structure
[ARK 81 (emphasis added)]

Thus, concepts are internally structured, and comprised of concepts, relations, and
optionally a linguistic term, label, or name (on occasion, one might have difficulty

finding terms to express concepts one thinks or feels).

The termsonceptandconceptual structuréave substantially similar connotations.

Ausubel also refers to conceptscagnitive structure (see below).

Anchor concepts

Anchor concepts are those concepts with which relationships to new ideas may be

established. They are often superordinate (inclusive, having many relations) concepts:

Knowledge . . . is the product of . . . relevant background ("anchoring")
ideas in the particular learner's cognitive structure . . .. [ARK vii]

In order to indicate that meaningful learning involves a selective
interaction between new learning material and preexisting ideas in
cognitive structure, we will employ the teanchorageo suggest linkage
over time to the preexisting ideas. [ARK 3]

Anchor concepts have a key role in the cognitive processes associated with meaningful

learning (described below), for example:

.. . In subsumption, preexisting superordinate ideas provide anchorage for
the meaningful learning of new information. [ARK 3]

Ausubel usescaffoldinginterchangeably witanchor.
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In effect, they [relevant existing cognitive structures] provide ideational
scaffolding (anchorage) at the appropriate level of conceptualization.
[ARK 62 (annotation added)]

This is a different sense of the tesgaffoldingthan that of "assistance to a learner
provided by an outside source." Thus one may distingdésitional scaffoldindrom

externally-provided support scaffoldimg in Angelo:

The weaker or smaller the student's foundation (preparation) in the
subject, the stronger and larger the instructional scaffolding (structure and
support) that is required. [Angelo 1993]

Granularity of concepts

Figure 11.14 (see: Cognitive structures, below) depicts both a unitary form of a concept
(polygon, relation, and label) and a version that details the structure of the concept. The
notion of different levels of granularity or detail is important because these component
concepts may function as the attributes to which the relations with other concepts are

formed:

[T]he most general and inclusive ideas of the discipline are presented first
and are then progressively differentiated in termdedéil and specificity
[ARK 163 (empass added)]
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Relationships among conceptsmeaning
Relationshipsmongconcepts are the second component of concept structures.

Meaningful learning requires. . that the material they learn be
potentially meaningful to them, nametg]atableto their particular
structures of knowledge . . . (Ausubel, 196la)

[ARK 68 (emphasis added)]

Ausubel uses the termslation andrelationshipinterchangeably. In this essay,
relationshipsamong concepts are comprised of one or more speslitions e.g.,is
greater thanis name gfgave birth tgis a logically valid syllogism from ... and . ..

etc. Relation types are potentially unlimited in number as human imagination itself.

Relations are, themselves, concepts. Thus, relation concepts also have structure

comprised of concepts and relations (Figures 11.12 (a-b)).

is a parent ofF——— g

Mary Caitlin

(a)
A simple concept map might depict a typical relatisrparent of
between the concept bfary and the concept @aitlin

Figure 11.12(a)
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The relationis a parent ofs, itself, a concept comprised of concepts and relations:

is a parent of

Mary Caitlin

sexual

role
gave birth
to

caregiver/
provider
role

label

(Elr?gl?slh) (English)

label — |apel
(English) (English)

(b)
A typical relation concepts parent of
analyzed for its constituent concepts and relations

Figure 11.12(b)

Relations are formed throudgrarning that is, through the cognitive processes as

described by Ausubel (see: Cognitive processes in meaningful learning).
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Why are relations among concepts important? Because relations among concepts are the

source of meaning:

.. . meaning is an interactional product of plagticular way in which the
contentof the new proposition ielatedto the content of relevant
established ideas in cognitive structure. ... [ARK 3 (emphasis added)]

Meaning of an idea only occurs to the extent it has relations to other ideas.

Humans are meaning makefdeaningis thus the human experience ofextsting

relation among conceptdearningis the construction of mewrelation, that is, new

meaning. When a learner cognitively constructs a relation among concepts, one has
made meaningo a lesser or greater extent. Making meaning is often a terminal endpoint
to an inquiry. That is, making meaning is sufficiently satisfactory that an inquirer might
find no reason to continue the expenditure of cognitive effort required in thinking about a
matter. Both the cognitive constructive learning effort and the concepts themselves are

characterized by Ausubel asaningful

The degree of meaningfulness is a function of various factors including the type and
relevance, strength, and number of relations. For example, where one's existing
knowledge has few relations or weak relations to a new idea, the new concept is

characterized by Ausubel as more rote than meaningful:

Representational learning (e.g., learning connepte$, for example, is
much closer to the rote end of the continuum than either concept or
propositional learning since its process embodies significant elements of
arbitrary and verbatim relatedness to its referent in cognitive structure.
[ARK 5 (emphasis added)]

As the relationship becomes comprised of more, stronger, or more important types of

relations, the new concept is deemed nmeaningful(Figure 11.13).
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Automobiles
My
Automobile

usage re_quirted
relation  |5cation Inpu

relation 0
parking cost relation
place cost relation @

(@)
Existing knowledge structure and a new idea,
hybrid enginéhaving only one relatiomame and thus not learned meaningfully.

name of
type of engine

required
input

to get to and
from work

name of
type of engine

negative
ownership

relatively less

required required

input lower fuel

costs

require

usage
9 input

relation  |gcation
relation

to get to and

vehicle purchase
from work

. cost greater
cost relation 9

(b)
The concept ofiybrid enginelearned somewhat more meaningfully
Note: the relationship betwedgbrid engineandmoneyis comprise ofwo relations..

Figure 11.13
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Cognitive structures

Cognitive structures, or conceptual structures, are objects comprised of concepts and the

relations among them (see: [ARK 81] quoted above).

Ausubel usesonceptconceptual structurgknowledge structureandcognitive

structure interchangeably depending on whether emphasis is on the unit or upon its
constituent elements. In some contekimwledge structureonnotes a limitation to
declarative knowledge, whileognitive structureencompasses declarative knowledge,

process knowledge and ability, and even emotional, sensory, or motor knowledge.
Thus, cognitive structures have the same composition as concepts themselves,
concepts + relations among concepts + optional linguistic label.

Thus, they may be depicted in concept maps either with only a label, or with their internal

structure revealed (Figure 11.14).

Of what constructive use are cognitive structures? Structures bind or connect objects.
Connections can facilitate a response by one element upon stimulus of another element

connected to it.

For an oversimplified example, suppose a learner's mental structure binds concept A to
concept B. Then, stimulated by A, the learner evokes, constructs, or draws conclusion B.

One may say that the learner has "been reminded or informed of B by stimulus of A."

As with their brick-and-mortar counterparts, cognitive structures can be incomplete
relative to a conceptual reference structure, contradictory, damaged, have internal
inadequacies, or be defective in other ways. Connections among concepts can possess

the same defects: obstructed, or of a type that does not serve the learner well (e.g.,
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unsupported by evidence, believed by others to be "alternative understandings,"” false,

mistaken, or logically inconsistent, "wrong," "misinformation").

Farming
relies on

. relies on
relies on

relies on

Economic
factors

Agricultural
technology

(@)
Water Cycle depicted as a unitary
concept in a simple concept map

Water Cycle

condensation

cooling causes

cooling causes

precipitation

evaporation

heat causes

(b)
Water Cycle magnified to show its internal
conceptual structure, concepts and relations

Figure 11.14
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Generalization vs. Hierarchy. Ausubel's theory (unfortunately) appears to recogyize

one particular type of structure: hierarchy.

The mosigeneralideas of a subject should be presented first and then
progressively differentiated in terms of detail and specifics.
[Bowen undated]

Although bothgeneralizationandhierarchyprovide the benefit dhheritance Ausubel
interprets generalizatiaas hierarchy, foreclosing the possibility that inheritance could
apply to non-hierarchical structures. Thus, proclamations equating hierarchical structure

with a continuum of general-to-specific, are found throughout Assimilation Theory:

The first principle acknowledges that most learning, and all retention and
organization, of subject matterhgerarchicalin nature, proceeding from

the top downwards in terms of level of abstraction, generality, and
inclusiveness. [ARK 6 (emphasis added)]

Hierarchy is only one of many types of relations between conceptual objects. One may
guestion whether Ausubel's assumption that inheritance, general-to-specific deduction
must impose hierarchy &l concept structure, rather than other network- or web-like
structures. Not every relation is comprised only of parent and child components.

Further, hierarchical status of a concept structure can change depending on context: a
concept may be a parent to another concept in one context but inherit characteristics from

it, i.e., as a child, in another (Figure I1.15(a)).

Though Ausubel's adherence to hierarchy is acknowledged, it reflects an internal
inconsistency within his theory. The limitation of conceptual structure to hierarchy is not

a Stage Two analytic criterion in this study. (Figure 11.15(b))
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Relationship between concepts not
always rigidly hierarchical

may

may may contain

contain contain (bookaschild

tolibrary)
a piece of
sheet music

may be
found at

may be may be

found at found at (library aschild

to book
a friend's
house

Figure 11.15 (a)




Network-style relations
adopted for this study

a piece of
sheet music

may be  maybe Mmaybe may may
foundat found at found at contain  contain

may
a friend's
house

contain
Figure 11.15 (b)
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Cognitive processes in meaningful learning

Cognitive processes are the second of three elements required of learners (Figure 11.16).

Assimilation
Theory

is concerned with

Meaningful
Learning

cognitive objects
requirmed for

Meaningful
Learning
Elements

comprises comprises

Cognitive Cognitive
objects processes

Learning
set

Integrative
reconciliation
Superordinate

learning

Progressive
differentiation

Figure 11.16
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"Relating new ideas to those already known" is the essence of meaningful learning, and
provokes the question bbwsuch relations are established. Ausubel responds with

several hypothesized cognitive processes that result in the formation of new knowledge
structure. These processes, originally described by Ausubel as integrative reconciliation,
subsumption, superordinate learning, and progressive differentiation, are accompanied by

transfer, also acknowledged by Ausubel as essential.

Transfer

Transferis the name historically applied in education and educational psychology to the
projection of knowledge held by a learner in one context or situation to a different

context:

.. . transfer still refers to the impact of prior learning experience upon
current learning. [ARK 60]

... the goal of transfer is considered accomplished if prior learning
experience facilitates the learning of subsequent classroom learning tasks
... [ARK 173]

... all meaningful learning necessarily also involves transfer. [ARK 9]

Because Ausubel was a firm adherent of transfer [Ausubel Novak Hanesian 1978 165], it
is treated here as equal in importance to processes for which Ausubel is the
acknowledged originator (subsumption, progressive differentiation, superordinate

learning, and integrative reconciliation):

Transfer operates by filling in structural gaps of one concept, from another concept,
usually a richer concept. That is, one concept's relations or attributes are projected onto

another concept either lacking those properties or possessing conflicting attributes.
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A simple example of transfer is Newton's observations about an apple as it collided with
his head, provoking him to wonder whether the same forces that might explain its flight
path could explain relationships among objects in space. He projected or transferred the
concept structure (the earth exerting a gravitational influence on an apple) to an

interplanetary scale.

The benefit of transfer is that it conserves cognitive labor by using one element of a
concept structure to evoke or trigger another concept. Constructing conceptual structure,
learning, becoming informed [Buckland 1988 ch. 9], is expensive in terms of
expenditure of cognitive energy. Mental work is required to find the relations, establish
connections, and affix labels or terms. With transfer, energy is conserved. A new
concept needot be constructed from raw materials, but instead, an existing concept

structure is projected onto another that already exists.

Indeed, without transfer, every slightly varying object or experience encountered would
seem wholly new and unique to the learner. She would be unable to use her prior
knowledge about one object or experience to confront a similar object or event. In short,
the learner could not categorize, theorize, or perform other cognitive tasks which people

rely upon in daily life.

A worked example of transfer (Figure I1.17(a - f)) illustrates the basic mechanisms in
greater detail. Suppose a learner assimilates (i.e., abstracts from sensed experience) the
concept that material accumulating results in a force upon adjacent material, then he or
she demonstrates the notiontr@nsferif, upon encountering the same abstraction

(pressure causes motion) in a non-material context, he or she can recognize regularities

between the two contexts, and then project the idpaesBureonto the latter, a sparse
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cluster of electrical concepts, to form the notionarapereswhich corresponds titow,

andvolts, which corresponds taressurg(Figure 11.17(a - f)):
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: Released Flow pushes
Build-up into channel encountered Encountered
of water or pipe

objects objects move

(@
Observed in sensed
experience

Build-up (b)
of water Initial concept

is deconstructed

Build-up

Released Flow pushes
into channel encountered Encountered
or pipe objects objects move

(c)
Concept or abstraction of
waterpressurearises
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Encountered

electrical objects move

charge

Build-up

(d)
Perimeter concepts ("build-up” and "encountered objects move")
arise, along with a new concept (“electrical charge")
that does not map isomorphically to water pressure

Build-up

Released Flow pushes
into channel encountered
or pipe objects

Encountered
objects move

match

match

Encountered
electrical objects move
charge

(e)
The process dfansfer, i.e., isomorphic mapping, begins
with correlating those concepts that match, i.e.,
isomorphically map to one another, . . .
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Build-up
Released Flow pushes

i Encountered
into channel encountered :
@ or pipe objects objects move

current flows
i,ﬁg Igﬁgﬁﬁ to device Encountered
electrical or wire (e.g., motor objects move
charge or generato

name assignment name assignment

Ampere
Unit of
flow of an electrical
current

then, other elements of the source concept, for which there is no
counterpart in the new concept, are projected to "fill in" the recipient
structure.

Concept opressuretransfersto the concept of electrical phenomena,
to which a labelyolt, is assigned. and
flow water transfers to flow of electricity and nansedpere

Figure 1.17(a - f)
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Transferis founded upon a pair of concepts described in this repmo@®rphic
mappingandisomorphic projectiofjHofstadter 1979 49]. There are many variants of

isomorphic projection beyortdansfer These are surveyed in Section 1.2 as well.

Subsumption

Subsumption is a process whereby a new idea is subsumed into an existing established

(superordinate or anchor) idea and thus benefits from the structure of the subsumer:

[N]ew ideas and information can be meaningfully learned and retained
most efficaciously when appropriately relevant and typically more
inclusive concepts or propositions are already available to play a
subsuming role or to provide ideational anchorage. [ARK 41]

In both concept and propositional learning, new, potentially meaningful
information is most frequently anchored to more general and inclusive
relevant ideas in the learner's existing cognitive structure. This process of
relating new information to relevant preexisting superordinate segments of
cognitive structure has been referred to above as subsumptive learning.
[ARK 89]

The process of subsumption involves isomorphic mapping (see: 1.2 Isomorphic
mapping) between characteristics of a superordinate anchor concept and those of a new
concept, followed by isomorphic projection of remaining aspects of the new concept onto

the superordinate anchor.

A subsuming concept is not a kind of mental fly paper to which
information is stuck; the role of a subsuming concept in meaningful
learning is annteractiveone, facilitating movement of relevant
information through the perceptual barriers and providing a base for
linkage between newly perceived information and previously acquired
knowledge. . .. in the course of this linkage, the subsuming concept
becomes slightly modified, and the stored information is also altered
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somewhat. It is this interactive process between newly learned material
and existing concepts (subsumers) that is at the core of Ausubel's
assimilation theory of learning. [Novak, 1998. 59 (emphasis added)].

Figure 11.18 illustrates the important events in the subsumption process.

As an example, suppose a young learner establishes an anchor concept of "attending
school" where that school is kindergarten. The concept structure might include (A) the
idea of a teacher, (B) the abstraction of a location of activity such as a classroom or play
area, (C) the notion of a lunch period, and (D) the idea of classmates. The following
year, our learner encounters a new concept of having a desk in which, in part, pencils are
stored (X). Gradually, the new conceppefcils stored in desk subsumed into the

concept of "attending school" and eventually, in the final phase of subsumption which
"obliterates" the new concept, it (the subsumed cons&ping pencilsis no longer

available (evocable) by the learner when the anchor concept "attending school" is

activated.

One effect of subsumption is that attributes of the new concept, having become part of an

existing anchor concept, become associated with the linguistic expressions of the anchor.

Ausubel associates the mental process of forgetting as one type of subsumption:

Forgetting, in process terms, is conceptualized as the second, or
"obliterative" phase of subsumption in which the distinctive import and
substance of a meaningfully learned and subsumed idea is at first
dissociable from the anchoring (subsuming) idea, then gradually loses this
dissociability, and is finally assimilated completely by the more general
meaning of its more stable and inclusive subsumer. . . . [ARK 41]

Specific types of subsumption, viz. obliterative subsumption, correlative subsumption,

and derivative subsumption are described by McGriff [McGriff AT].
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Existing Anchor (superordinate) concept

(a)
An established (existing) anchor concept resides in learner's mind.
It is a conceptual structure comprised, for example, of concepts (A), (B), (C), (D),
and having relations between (A) and (B) and between (B), (C), and (D).

New concept

@@
©

(b)
New concept arises either constructively or
from sensory experience.
It is comprised of concepts (A"), (B"), and (X),
with relations among them as shown,
and where (A") is substantially similar to (A) in the anchor,
and (B") is substantially similar to (B) in the anchor.

Figure 11.18 (a-b)
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Existing Anchor (superordinate) concept

New concept

matched

(©)
Through isomorphic mapping (matching)
(A") is mapped to (A),
(B') is mapped to (B), and
the relation between (A) and (B) is mapped (not illustrated) to the relation between (A") and (B")

Result: Because of the isomorphism, the new concept is
a candidate for subsumption into the existing anchor concept.

Existing Anchor (superordinate) concept
New concept

(X) projected t
@ anchor conceS’N
Coymt—"f “

N

(d)
Through isomorphic projection,
(X) is projected from new concept onto anchor concept,
the relation between (A) and (X) is also projected onto anchor concept, and
the relation between (B") and (X) is projected onto the anchor concept.

Figure 11.18 (c-d)
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Subsumption of new concept complete.
Existing Anchor (superordinate)
concept (modified)

No longer available as
distinct concept

(€)
The subsumption process is completed with the unavailability of the new
concept as a separate entity, and with its attributes found only in the established,
but modified (now including (X) and its relations), anchor concept.

Figure 11.18 (e)

Progressive differentiation

Progressive differentiation of concepts is the ongoing recognition of variants of concepts

that are differentiated from one another:

The refinement of concept meaning in cognitive structure giving more
precision and specificity to these concepts is called progressive
differentiation of cognitive structure. [Novak, 1998. 63]

The process of sequential assimilation of new meanings from successive
exposures to new, potentially meaningful materials results in progressive
differentiation of concepts qropositions, in the consequent refinement of
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meanings, and in enhanced potentidiyproviding anchorage for further
meaningful learning [ARK 102]

A diagramed example (Figure 11.19 (a-c) illustrates the process. A learner might, through
sensed experience, come to know a new term, Capital Corridor Train system. The term is
associated with the real or imagined experience that large machines, which roll on rail
pairs, carry passengers for a fee, and arrive at particular locations at posted times at
regular intervals. Of course, the main concept of the Capital Corridor Train system may
inherit characteristics of similar systems known to the learner, such as: comprises
locomotive and passenger train equipment, runs according to a schedule (or not), requires

a ticket, sells food on board, etc.

The Capital Corridor Train system (concept A) may appear to have among its attributes a
route (concept B) such that it provides passenger service between Oakland and
Sacramento. Indeed, concept (concept A), the Capital Corridor Train system, is
understood by many such that all its runs are associated with concept (concept B),

Sacramento-Oakland service.

However, the learner may discover that, of its twenty-four daily runs, a small number,
two, do not terminate at Sacramento, but either initiate or terminate from a station in the
city of Auburn. Consequently, the concepate (concept B) is differentiated into

(concept B) Sacramento-Oakland service, and (concept B') Auburn-Oakland service.
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Existing Anchor superordinate concept with one subordinate concept (B)

(a)
Capitol Corridor service (A) operates (relation designated by arrow)
aroute(B) between Sacramento and Oakland

Existing Anchor superordinate concept with two subordinate concepts (B) and (B')

(b)
Through sensed experience (reading schedules or talking with passengers or crew),
the learner discovers that not all (A) operates (B), a route between Sacramento and
Oakland, but instead, some operate the route (B') Auburn - Oakland.

Existing Anchor superordinate concept
with three subordinate concepts (B), (B") and (B")

Some trains to not terminate in Oakland, but proceed to San Jose.
The concept route (B) has yet another variant, (B"), Sacramento-San Jose.
Thus, the concept (B) route undergoes progressive differentiation.

Figure 11.19 (a-c)

84



The process of differentiation does not stop with this initial variant. Further experience
leads to the discovery that some trains to not terminate in Oakland, but proceed to San
Jose. Thus the concept route (concept B) has yet another variant, (concept B"),
Sacramento-San Jose. The concept (conceiuBd has undergone progressive

differentiation, into (concept B), (concept B'), and (concept B").

Progressive differentiation is @malytical process whereby one concept at process

initiation results in multiple concepts at the process endpoint.

Superordinate learning

Superordinate learning is the obverse of subsumption learning: In subsumption, a new
idea is subsumed into one of the learner's existing anchor concepts. In superordinate

learning, a new idea subsumes existing concepts by virtue of being more general:

Superordinate propositional learning occurs when a new proposition is
relatable either to specific subordinate ideas in existing cognitive structure
or to a broad background of generally relevant ideas in cognitive structure
that can be subsumed under[ARK 3]

Novak describes the process of superordinate learning as acquisition of a new concept

thatexplains or makes sense of, concepts already in the learner's knowledge structure:

Occasionally . . . new concepts are constructed that pull together and
integrate large domains of knowledge that were not previously recognized
as intimately related. . . . a learner may experience the acquisition of a new
broad, general concept that then subsumes in powerful new ways the
meanings of previously learned concepts and adds new and rich meanings
to these concepts. [Novak, 1998. 69]
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In simple terms, superordinate learning is often expressed as "seeing the big picture" that

"makes everything fall into place."

Superordinate learning is more difficult for two reasons: (1) more labor is required to
project relations of the superordinate idea onto the many existing concepts that are
organized by it, and (2ecognitionthat an ideas a superordinate idea is an imaginative
act, relying on recognition of similarity of very little conceptual structure of the

superordinate idea being relatable to other concepts.

An interesting effect of superordinate learning is thaxglains i.e., shows a path of
concept relations between, previously conflicting ideas into a framework where

constituent ideas relate to one another without conflict.

Novak provides several examples of superordinate learning, including the way in which:

Newton's concept of universal gravitation brought together domains of
knowledge that most people saw as totally unrelated. [Novak, 1998. 69]

Although this example illustrates both transfer and superordinate learning, they differ in

that transfer is a more basic mechanism common to many process types.

Superordinateneed not imphhierarchical (although Ausubel so teaches), but rather may

be interpreted in the sensembre comprehensiyéhat is,more encompassing

As a worked example (Figure 11.20 (a)) (based on [McGriff AT]), consider a child who
comes to be acquainted with trout, goldfish, eventually, salmon, and other slippery
elongated aquatic animals that that swim around in lakes, rivers, and oceans. He comes
to know that they are categorized as "fish." His categorization is reinforced upon
continuously encountering new species, sharks, halibut, and perch, all which turn out to

be understood by others as "fish." He might know that other animals, like crabs, octopi,
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eels, and jellyfish, also inhabit the water, but those do not look like fish, and thus the

young learner is comfortable with these entities cluttering his cognitive catedasiy. of

Existing Anchor (superordinate) concept

Clsn
CEED G

elongated, = @
fish-shaped @
water

(a)
Fishresides in learner's mind as an an established (existing) anchor concept.

Figure 11.20(a)

The domain of fish-like water creatures appears to make sense, that is, his concept

structurefish is coherent, having no conflicting relations. But then, the student encounters

(Figure 11.20(b)) magazine photographs of whales and dolphins with a caption stating that

these creatures am@tfish. He is now confronted with seemingly conflicting concepts:

creatures having all the characteristics of fish, but which are "not fish."

Cognitive dissonance ("distressing ignorance" [Buckland 1991a]), a motivating

discomfort for which a remedy is sought, impels him to examine the magazine article for

explanations which might help him construct and understanding of why whales and

dolphins are not fish.
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Three New Concepts

( atributes

elongated, S
fish-shaped
water

Cirsances
Crout ) Conoisn 30 samon

(b)
The learner now assimilates not just one, but three new concepts
that have the attributes of fish,
butare categorized by othersrast fish
These three new concepts are dissonant with the existing anchor concept of fish.

Figure 11.20(b)

Our young learner then encounters an explanation (Figure 11.20(c)) expressing the
concept obreathing systemand two of its associated conceiils, whereby oxygen is

extracted from water, arldngs which extract oxygen from air.

Similarly, he encounters the concepbofly temperature typahereby creatures may be

warm-blooded or cold-blooded.
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Two New Concepts

-
body
temperature

type

cold-
blooded

extract oxygen extract oxygen
from water from air

elongated, e
fish-shaped
water

Cinstances
() Coetsn I amon

(©)
Two new concepts,
breathing system type, and body temperature type
are assimilated by the learner.

Figure 11.20(c)
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breathing body
system temperature

type type

2R
fish-shgped

lives in
water

warm-
blooded

(d)
Overarching superordinate concepts applied to
sorting instances of creature concepts into categories
fishor mammal

Figure 11.20(d)
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From the text of the explanation, he further understands that the concept of breathing
systems can be a defining characteristic of categories of creatures: gills are an attribute

of fish, and lungs are a characteristic of mammals.

That is, the concept expressed by the term "breathing systems" is a superordinate concept
against which all the instances of the student's concepts of fish-like creatures can be
evaluated. This enables him to sort gill-bearing creatures infshisategory, and

assign lung-bearing animals to himmmalcategory, resulting in a reorganization of his

concept instances that formerly fell undéish (Figure 11.20(d)).

One instance of superordinate learning entails more cognitive labor than subsumption
learning. The new superordinate concept must first be constructed, i.e., its component
concepts and relations among those concepts formed, then, relationships between the new
superordinate idea and existing concepts which it explains must be forged. However, the
greater expenditure of cognitive energy derives a significant benefit: a powerful
superordinate idea has the effect of leaving the impression that a great many pieces have

fit together effortlessly.

Integrative reconciliation

Integrative reconciliation is a process through which dissonant relations between
concepts lead to recognition of additional relations which neutralize the conflict, usually
by differentiating attributes of the concepts such that one is not expected to map onto the

other:

Another form of cognitive differentiation arises when new
interrelationships are seen between concepts in cognitive structure,
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relationships we can represent as cross-linkages on a concept map. These
cross-linkages represent . . . integrative reconciliations.
[Novak, 1989. 64]

[R]ecombination of existing elements of cognitive structure is referred to
as integrative reconciliation. [Ausubel Novak Hanesian 1978 124-125

The useful effect of integrative reconciliation is resolution of dissonance in the learner's

cognitive structure, mind.

... conflicting meanings may possibly be resolved through a process of
integrative reconciliation. [ARK 102]

The setting for the initiation of integrative reconciliation is similar to that of

superordinate learning: the learner is confronted with concepts that appear to conflict or
contradict one another, but rather than a new superordinate concept being received to
resolve the conflicts, the relations among the conflicting concepts change

(Figure 11.21). Using the example from the discussion of superordinate learning, and

beginning from the first two states described earlier (resulting in a cognitive dissonance):

Existing Anchor (superordinate) concept

@&
CEED G

elongated, =~ @
fish-shaped @
water

(a)
Fishresides in learner's mind as an an established (existing) anchor concept.

Figure 1.21(a)
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Three New Concepts

( atributes

elongated, S
fish-shaped
water

Cirsances
Crout ) Conoisn 30 samon

(b)
The learner now assimilates not just one, but three new concepts
that have the attributes of fish,
butare categorized by othersrast fish
These three new concepts are dissonant with the existing anchor concept of fish.

Figure 11.21(b)

Here, the process path diverges from that of superordinate learning. Rather than
importing an overarching superordinate concept, the learner examines the relations
among the instances recognized by others to be categorized as fish, and those associated
with the new concepts of whale, dolphin, and porpoise. For example, the learner might
simply accept that these three creature concepts possess a negative cognitive authority
relation to other animal concepts considered to be fish, based on some unknown attribute.

(Figure 11.21(c)).
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Integration of thecognitive authorityrelation reconciles the distressing anomaly.
Inquirer concludes that whales, dolphins, and porpoises are not fish, even if why is not known.

Figure 11.21(c)

At the process terminal endpoints, the same concepts stand but with modified

relationships to one another.

Some amount of skepticism is usually healthy. The learner might construct the
understanding as depicted in (c), and yet experience some distress that may continue until
a relation to an additional attribute of whaé&tsal becomes available that is not an

attribute of fish. Nevertheless, existing knowledge such as cognitive authority ("parents
and teachers are generally correct about stuff like this") is often sufficient to enable an
inquirer to reach the conclusion that the conflict is reconciled. Integration of the

cognitive authority relation reconciles the distressing anomaly.

Paul Ammon has pointed out that Piaget recognized a comparable process that he

described as "equilibration of cognitive structure" [Piaget 1985] in which contradictory
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conceptual structures are accommodated by learners such that a state of equilibrium
(perhaps a minimal level of distressing ignorance or curiosity about the conflict) is

achieved.

Process characteristics

What motivates learners? What stimulates learners to expend cognitive energy that fuels
learning processes? What initiates these processes? Once underway, what causes them
to conclude? Are endpoints to cognitive processes detectable? If so, how does detection

facilitate assessment of changes in the learner's knowledge?

Ausubel's ideas about motivation and attention, process endpoints (initial and terminal),

and assessment provide valuable Stage Two criteria.

Process characteristics: Motivation and attention

Anyone who can draw as many people into situations related to learning as
.. . Nintendo, knows something that educators who have trouble holding
the attention of 30 children for 40 minutes should want to learn.

[Papet 1996 13]

To learn an idea, the learner magendto the idea. Ausubel repeatedly advises that
meaningful learning requires learners to devote active and deliberate effmtéss

that is, to relate new ideas to their prior knowledge. What motivates the learner to do so?

Ausubel devotes an entire chapter to the "Practice and Motivational Factors in
Meaningful Learning and RetentidnFor the most part, his discussion of motivation is

of its effect on meaningful learning rather than on how motivation may be manipulated:
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Is Motivation Necessary for Learning ?

The weight of the evidence indicates that although motivation is a highly
significant factor in and greatly facilitates meaningful learning, it is by no
means an indispensable condition, especially for limited and short-term
learning. However, it is absolutely essential for the sustained and long-
term type of learning involved in mastering a given subject matter
discipline or vocational curriculum. [ARK 196]

Typically, however, motivational variables are not directly involved in the
cognitive interactional process. ... We can conclude, therefore, that
motivational factors affect meaningful learning and retention in ways that
are qualitatively different from the comparable effects of relevant
cognitive variables. [ARK 198]

Ausubel acknowledges a relationship between motivation and meaningful learning,

primarily throughattention

Attention

Much of the facilitating effect of motivation is apparently mediated by an
increase in attention. Merely directing students' attention to certain aspects
of subject matter, irrespective of how this is done, promotes learning.

As a mediating variable in undoubted instances of motivation, attention is
presumably the major general intervening variable through which
motivational factors influence meaningful learning. A major cause of
everyday forgetting perhaps in most instances of undue loss of ostensibly
learned material (including subject matter) is failure to pay proper attention
at the time of learning. Generally speaking, what is not attended to is
neither learned nor remembered. [ARK 200]

Most readers have experienced reading a passage, then realizing that they were not
graspingthe concepts expressed, not payattgntion This is sometimes described as

the difference between looking and seeing, or between hearing and listening. Looking
and hearing do not connote cognitive engagement, but merely passivendéeytive
visual or auditory function (not constructing meaning, "not engaged"). Seeing and
listening both imply active deliberate sense-making, relationship recognition and

identification, and questioning or testing concepts as they are assimilated. Students
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confronting assignments they consider boring or "make-work" are susceptible to

intellectual disengagement.

Process characteristics: Endpoints

Intellectual processes are generally finite, having temporal endpoints (at initiation and at

termination)

[I]t is important that the conditions of practice gradually begin to
approximate théesired(unpromptedgndpointof the learning product.
[ARK 192 (emphasis added)]

How can initial and terminal process endpoints be detected? Can the learner or teacher
know when a process has reached an endpoint? Conditions of initial endpoints may be
expressed as questions. Terminal endpoints are often demarcated by the completion (and

assimilation) of concept paths that resultinderstanding

"Meaningful learning," by definition, involves the acquisition of new
meanings.New meanings, conversely, are the end-prodofctseaningful
learning. [ARK 67]

Thus, a learner who wishes to be conscious of a learning process can use his or her
recognition ofsatisfaction newmeaning or both, as evidence that a terminal endpoint

has been reached. Use of instruments (below) can facilitate such recognition.

For teachers, process endpoints can be detected by expressions of new meaning as

instrumented by assessments such as making concept maps or traditional examinations.
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For example, an automobile owner might have heard about vehicles powered by hybrid

engines, but know little more than the tdmgbrid engine A learning process is initiated.

(Figure 11.22(a)).

Automobiles

name of
type of enginé

required

. gap; what fuels,
input

how used
f gap: quchase cost
,-,,// maintenance cost

7

o T

.. hﬁxxﬁm&xxxxﬂ

cost relation

money

a
Existing knowledge structurdutomobilesand a goal concept,
hybrid enginggiving rise to a gap in understanding (1) between the new iddaeind
and (2) between the new idea andney

Figure 11.22(a)

Concept formulation and assimilation (integration of new ideas with existing knowledge)
continues iteratively until a continuous conceptual path (not necessarily linear) is formed
between them, and the learner concludes that Jatisdiedthat the new meaning

relieves the conflict, cognitive dissonance, question, gap in understanding, or other
intellectual discomfort (Figure 11.22(b)). The terminal endpoint of a psychological

process or event is often the recognition of construction or creation of a meaning. "Aha,

now | understand that. | am satisfied."
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A continuous path betweduneland the goal conceptybrid enging
constititues the concepts of explanation

A continuous path betweenoneyandhybrid engindeads to @onclusionor decision

Figure 11.22(b)

Thus, the conceptual path between prior knowledge and (new or existing) ideas is formed
of connected relations, meaning. It is not the goal condeptsior money that is the
terminal endpoint, but theatisfactionof meaning that the conceptlofbrid enginas

better understood. This implies tmaganing is felt
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Recognition of endpoints is helpful in understanding conditions that trigger processes,
whether or not they initiate, how such processes are formulated, and what agent

originates them. The learner's recognition of a conflict among concepts, a question, or

other dissonance may lead to assimilation processes.

Subsequent work with Assimilation Theory recognizes several expressions of endpoints,

e.g.,explanationdecision or conclusion or formation of delief

[T]he purpose of the investigation is often to get information on which to
base personal or civiecisions

[Champagne Kouba 2000 228 (emphasis and annotation added)]

Assimilation
Theory

is concerned with

Meaningful
Learning

Main Principle

new . .. ideas are
related . . . to

what the learner

already knows

"Relating" is
accomplished
via processes

Processes
require
effort

Processes

have Effort is
endpoints deliberate
Figure 11.23

Formation of conclusions, explanations, and beliefs are explored in the following section.
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Feedback

Ausubel battled some of the learner-is-like-a-machine metaphors popular during his
career, including cybernetics, behaviorism, and Shannon-Weaver-style "information
theory." In confronting these broad paradigms, some specific but important notions
associated with these, but also important in more humane approaches to educational
philosophy, occasionally suffered collateral damage in Ausubel's polemics. Among these

is feedback

Cybernetic and Computer Models of Cognitive Functioning. One of the
most flourishing of the more eclectic theoretical positions in recent years
has been a variant of the cybernetic or information theory approach based on
a computer model of cognitive organization and functioning. The general
flavor of this approach is behavioristic in the sense that it deals somewhat
mechanistically with input-output relations; but in place of an associative or
conditioning model of cognitive processes, it substitutes a more substantive
view of the nature of information as well as the cybernetic principle of a
control system that is both (1) sensitivddedbackndicative of behavioral
error or discrepancy between existing and desired states of affairs, and (2)
differentially responds to such feedback in ways that correct the existing
error or discrepancy. [ARK 135]

Ausubel finds feedback to be minimally significant on technical grounds:

On both motivational and cognitive grounteedbackprobably also has less
facilitating effect on meaningful than on rote learning. Since the
achievement of understanding is a reward in its own right and requires less
brute effort than rote learning, it is less necessary in meaningful learning to
invoke the energizing assistance of extrinsic motives and incentives.
Selective reinforcement of successful responses through drive reduction
(gratification) is similarly less necessary for learning, even if it were
possible, when logical considerations are applicable to the content of the
learning task than when a purely arbitrary and verbatim connection must be
established. The internal logic of the learning material also makes possible
some implicit confirmation, correction, clarification, and evaluation of the
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learning product, even in the absence of any explicit provision of feedback.
[ARK 194].

Yet, away from theological battles, and instead writing in the context of his cognitive

variables, clarity and stability, Ausubel declares feedback to be important:

STABILITY AND CLARITY OF ANCHORING IDEAS

The stability of either general background knowledge or of more specific
anchoring ideas may be ascertained by administering a series of equivalent
forms of a pretest, over a specified time interval; and it may itself be
manipulated . . . by the confirming and disconfirming of the effects of
feedback

Clarity can be manipulated in the same way as stability and also by the
corrective effects of feedback.

... and by supplying immediateedback. . . ruled out and corrected
alternative wrong meanings, misinterpretations, ambiguities, and
misconceptions before they had an opportunity to impair the clarity of
cognitive structure and thereby inhibit the learning of new material.
[ARK 158-9 (emphasis added)].

Frequent testing and provision of feedback, especially with test items
demanding fine discrimination among alternatives varying in degree of
correctness, also enhance consolidation by confirming, clarifying, and
correcting previous learnings. [ARK 170].

Another study trial also provides the learner with informatiéeadibackin

the form of textual reference, for testing the correctness of the knowledge
retained from the first trial. This testing confirms correct meanings, clarifies
ambiguities, corrects misconceptions and indicates areas of weakness
requiring differential concentrateddudy. The net effect is consolidation of
learning. ... [ARK 186 (emphasis added)]

Thus, for specific cognitive functions, especiallsrity, the process element feedback is

embraced by Assimilation Theory.
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Learning set

The third of the three elements of meaningful learning is the learner's meEdassing

abilities and cognitive variables, l@arning set

New meanings . .. The conditions of learning presuppose additionally the
existence of a meaningfldarning setin the learner. [ARK 40]

[B]ut it is primarily the superiority in meaningful learnipgocessesi.e.,

the learner'sneaningful learning setnd the nonarbitrary, nonverbatim
relatability of the instructional materials to relevant anchoring ideas in
cognitive structure) that basically accounts for the superior learning and
retention outcomes. [ARK 15]

Ausubel further describes his notion of tearning set

Meaningful Learning Set

In meaningful learning the learner has an obligatory set to relate
nonverbatim . . . aspects of new concepts, propositions, information, or
situations to relevant components of existing cognitive structure in various
nonarbitrary ways . . .. Depending on the nature of the learning task (i.e.,
reception or discovery), the set may be either to discover or merely to
apprehend (comprehend) and incorporate such relationships into his
cognitive structure. ... [ARK 53-54]

Cognitive variables in meaningful learning

People learn a concept at the moment it's important to them. What determines a learner's
readiness to assimilatgoarticular new concept or proposition? Ausubel's notion of

cognitive variables, in part, determine readiness:

. the properties of the existing structure of knowledge at the time of
learning (cognitive structure variables) are, perhaps, the most important
consideration. [ARK 9-10]
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Cognitive variables include:

... (the avallability, specificity, clarity, stability, and discriminability of
these relevant ideas), reflective of what learners already know, and of how
well they know it ... Additionally, for the sake of completeness, such other
cognitive variables as practice, review, instructional materials,
motivational factors, and developmental changes in cognitive capacity to
handle verbal abstractions were also considered. [ARK xi]

The most important cognitive structure variables considered in this book
are (1) the availability in the learner's cognitive structure of specifically
relevant anchoring ideas at an optimal level of inclusiveness, generality,
and abstraction; (2) the extent to which such ideas are discriminable from
both similar and different (but potentially confusable) concepts and
principles in the learning material; and (3) the stability and clarity of the
anchoring ideas.

Stability and clarity of the relevant anchoring ideas are . . . important for
their significant effect on the discriminability of similarities and
differences between the new and the anchoring ideas. [ARK 10-11]

Cognitive structure variables, as indicated earlier (for example, the
availability in cognitive structure of relevant anchoring ideas, their
stability, clarity, and discriminability from related internalized ideas and
from ideas in the instructional materials) were originally regarded as the
most important proximate factors influencing the meaningful learnability
and the degree of learning and retention of new, potentially meaningful
instructional materials; hence, since they still are still largely so
considered, they necessarily occupy a central place in the content of this
book [ARK xi]

Cognitive variables operate differently than social, emotive, or motor variables:

Cognitive variables, on the one hand, and motivational-personality-social
variables, on the other, affect meaningful learning and retention through
different mechanisms. [ARK 9]

Ausubel categorizedarity with the termgrecision explicit, andunambiguous
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If cognitive structure is clear, stable, and suitably organized precise and
unambiguous meanings emerge and tend to retain their dissociability
strength or availability. If, on the other hand, cognitive structure is
unstable, ambiguous, disorganized, or chaotically organized, it tends to
inhibit meaningful learning and retention. [ARK 9]

.. . abstract understanding that is qualitatively superior to the intuitive
level in terms of generality, clarity, precision, and explicitness. [ARK 50]

(but see: Caelocutiospecify meaningxplicitly?, 11.2).

Ausubel establishes a close relatiodisaiminability:

The discriminability of a new learning task is also in large measure a
function of the clarity and stability in cognitive structure of the existing
ideas to which it is related. [ARK 157]

Thusclarity in Assimilation Theory is interpreted to imply that learners will not
experience doubt as to the attributes or implications of a an intellectual object, i.e., a
concept or cognitive structure, and will not suffer uncertainty as to the meanings of a
linguistic term that is understoatearly. However, clarity is nan the term or in the

world, but in the mind of the learner.
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Cognitive capacity

Cognitivecapacityrefers to quantification of concepts, relations, and processes a learner
can accommodate. Ausubel acknowledges such limits. Among them, he recognizes
Miller's [Miller 1956] observation that humans have difficulty manipulating more than

seven ideas (plus or minus two) in many contexts.

Human beings, unlike computers, can apprehend and immediately
remember only a few discrete items of information that are presented just
a single time. [ARK 77-78] [Footnote I1.4]

Concepts missing (relative to a reference structure); Gaps

Concept structures (a learner's reference structure and a conceptual reference structure
i.e., another person's knowledge structure against which a learner's knowledge is
assessed) can differ in at least two ways: (1) the learner's structure may express concepts
different from, or structured differently from a given reference (misperceptions,

obstructed relations, contradictory or illogical relations, "alternate understandings," or

false or mistaken relations) (discussed in Preconceptions, below), or (2) gaptbit

(missing concepts, missing relations), or unwarranted relations and relations unsupported

by evidence). Ausubel directly acknowledgegs

An advance organizer is a pedagogic device that helps implement these
principles by bridging thgap between what the learner already knows,

and what he needs to know if he is to learn new material most actively and
expeditiously.

[ARK 11 (emphasis added)]

Teachers are expected to express concepts that connect new ideas with the student's prior

knowledge, and to take the learner's prior knowledge into account so as to construct a
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conceptual bridge between the learner's knowledge and the new concepts. This
expectation implies that the teacher constructs a third object, an understanding of the
differences between the learner's knowledge and the conceptual reference structure, and a

fourth object, a conceptual bridge (path) connecting prior knowledge with new concepts.

Observe that a teacher's conceptual reference structure is distinct from the linguistic terms

the teacher might use to express it.

A learner's questions may attempt to express a conceptual gap. However, the learner is in
a dilemma: having to express the very concepts they do not have. They may attempt
such description by describing the conceptual struetdgacentto their conceptual gap,

that is, their most relevant knowledge (metaphorically, the shoreline that abuts the void,

the sea of missing concepts).

Preconceptions

It is what we think we know already that often prevents us from learning.
[attributed to Claude Bernard]

The result is that most of our so-called reasoning consists in finding
arguments for going on believing as we already do. [Robinson 1968 16]

Copernicus broke the rule that the earth stands in the center of the
universe. Napoleon broke the rules on the proper way to conduct a
military campaign. Beethoven broke the rules on how a symphony should
be written. Picasso broke the rule that a bicycle seat is for sitting on while
pedaling a bicycle. Think about it: almost every advance in art, science,
technology, . . . has occurred when someone challenged the rules and tried
another approach. [von Oech 1982 48]

Ausubel's prime directive requires the teacher to take into account ideas the learner

already knows. Suppose, however, that the learner's existing knowledge is not merely
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missing concepts, but is internally inconsistent or comprises errors, i.e., ideas
contradictory to those intended in some reference set. Existing ideas can be resistant to

novelty. Ausubel recognizes the obstructive power of preconceptions:

One such limiting factor is the existence of erroneous but tenacious
preconceptions. . the potent role gfreconceptions inhibiting the

learning and retention of scientific facts, concepts, and principles. These
preconceptionsire amazingly tenacious and resistant to extinction because
of the influence of such factors as primacy and frequency and because
they are typically anchored to highly related, stable, and antecedent
preconceptions of an inclusive nature . .. [ARK 153]

Research on studenislsconceptionsf scientific principles shows, for
example, that students often enter the physics classroom wélt-a
established set of incorrect conceptslt up from their everyday
experience (McCloskey, 1983; McCloskey, Caramazza, & Green, 1980).
Students' intuition can include the idea that "motion implies force" -- that
is, force is required to keep an object in motion. [Mayer 1993 566]

Ausubel acknowledges tip@tencyof preconceptions, and their cousins, misconceptions:

Very potent seemingly plausible, and well-established, relevant
misconceptiong cognitive structure . . . [ARK 116]

. .. loss of dissociability strength due to the assimilative presence of
potentmisconceptions in cognitive structure [ARK 123]

A learner can reconcile their misperceptions. But first, the learnerreaaginizethem.

Ausubel imputes high value to such conceptual remodeling:

One such limiting factor is the existence of erroneous but tenacious
preconceptions. . . the fact that the unlearning of preconceptions in
certain instances of meaningful learning and retention might very well
prove to be the most determinative and manipulable single factor in the
acquisition and retention of subject-matter knowledge.

Moreover, resistance to the acceptance of new ideas contrary to prevailing
beliefs seems to be characteristic of human learning. [ARK 153]
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Despite the commonsense notion of the importance of overcoming preconceptions (see:
What is critical thinking?, 11.2 ), one encounters a logical inconsistency at this point in
Assimilation Theory: Ausubel's fundamental tenet is that meaningful learning requires
that new ideas be the assimilated throegtablishment of relationships to the learner's

existing knowledgeBut this may be theery prior conception that must be overcome!

That is, the learner's prior knowledge is privileged over new ideas. New ideasyan

be assimilated according to knowledge previously constructed by the learner. Thus, there
is an inherent bias in the process of learning: the privileging of those ideas for which
relations to existing knowledge can be established, and against those ideas for which
connections to prior knowledge cannot be found. The consequences of this bias are all
too familiar: Learners evaluate new ideas against existing ideas more frequently than
critically testing old ideas against new. One might prefer the first idea, the original
version better than a new rendition. The "old math made sense but this new-fangled stuff
they're teaching kids nowadays doesn't." The original movie is better than the remake.

The symphony's rendition was "not as good as" the recording one enjoys at home.

Thus, overcoming prior misconceptions requires an explicit evaluation of prior ideas

using the new concept as the baseline for evaluation, that is, the reverse of the ordinary.
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Readiness to learn

This aspect of learning set reflects an.appropriate performance attitude or
momentary state of readiness for engaging in a particular kind of activity ("warm-
up" effect) . . . warm-up aspects of learning set . . . consists of transitory
readiness factors involved in the momentary focusing of attention . . .

[ARK 189-190]

Learners learn an idea best at the moment that idea is important to them. This may
partially explain why individuabrowsingcan be or feel more effective than a prepared
lecture. The learner is browsing because he is in a state of readiness-to-learn. When he

leaves that condition, he likely discontinues browsing.

This principle aligns with Ausubel's fundamental dictasgertain the learner's existing

knowledge, then teach accordingly

This element must be taken into account in continuous derivation (see: Continuous

derivations, 11.2) and in planning (see: What is the role of planning in thinking?, 11.2).
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Meaningful reception learning

What is meaningful reception learning?

Meaningful reception learning is that portion of learning influenced by the learner's

receiptand use of expressions prepared by teachers and others:

Meaningful reception learning primarily involves the acquisition of new meanings
from presented learning material. [ARK 1].

.. . meaningful reception learning through appropeajgsitoryteaching and
instructional materials . . . [ARK xiv (emphasis added)]

Most meaningful learning is meaningful reception learning. [ARK 6]

Meaningfulreceptionlearning is distinct from the type of learning a student may do on

his or her own exclusively through thought, or reason, writing, or discovery.
The elements of meaningful reception learning comprise:

New meanings, in other words, dhe product of an active, integrative
interaction between (1) new instructional materials and (2) relevant ideas
in the learner's existing structure of knowledge. The conditions of learning
presuppose additionally the existence of a (3) meaningful learning set in
the learner and of potentially meaningful learning materials.

[ARK 40 (numerals inserted)].

Expository instructional materials express a knowledge structure ("conceptual reference
structure"), of which the learner will assimilate part, then compare to their own.
Teaching materials should express concepts that form a continuous connection of
concepts, a patlbetweemew ideas and the student's prior knowledge. That is, materials
should also build from, or take into account, the learner's existing cognitive structure.

(see: Figure 11.24)
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Ausubel characterized actions involved in meaningful reception learning:

Meaningful reception learning is inherently an active process because it
requires, at the very least (1) the kind of cognitive analysis necessary for
ascertainingwhich aspects of existing cognitive structure are most
relevant to the new potentially meaningful material; (2) some degree of
reconciliation with existing ideas in cognitive structure— . . . ; and (3)
reformulation of the learning material in terms of the idiosyncratic
intellectual background and vocabulary of the particular learner.

[ARK 5 (emphasis added)].

Meaningfulreceptionlearning may be understood as meaningful learning with the added
element of provision to the learner of materials constructed by others (teachers, authors),
transmitted as records (e.g., documents) or as real-time presentations (e.g., lectures,
tutoring), which are then interpreted by the learner. Tieaglingandlisteningare

examples of the communicative portions of meaningful reception learning.

Because reception learning encompasses persons beyond the learner himself, Ausubel's

prime directive applies to the provider of instructional materials, not just the learner:

The most important single factor influencing learning is what the learner
already knows. Ascertain this and teach accordingly.
[Ausubel Novak Hanesian 1978, iv (flyleaf)]

Satisfying this requirement can be difficult where the teacher/author is not in direct
communication with individual learner/reader. The teacher's usual shortcut, relying upon
their experience, is to makessumptiongbout the would-be learner's existing

knowledge. These assumptions may be optimistic. Indeed, reception learning and other

forms of communication fail when the assumptions about prior knowledge are faulty.
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Material presented to learner is onlypotentially meaningful

Learning materials are often assumebteoneaningful orcarry meaning. They do not.

Why?

Meaning is notn the document but constructed by the reader. The meaningfulness of the
document depends upon the readiness of the learner, and thus, the document is only

potentiallymeaningful. This is the central notion of cognitive constructivism.

The limitation ofpotentiallymeaningful emphasizes the indispensable role of cognitive

labor in contrast to focus on external materials presented to the learner (Figure 11.25):

The rationale for referring only to tip@tentialmeaningfulness of
instructional materials (rather than to their actual meaningfulness) is an
important condition of meaningful learning and retention and was
provided in the previous chapter: If we had merely considered this aspect
of the learning material as simply meaningful, without adding the
qualifier, potential the goal of the meaningful learning process would then
obviously have been accomplished in advance, thereby rendering the
learning process per se superfluous. This is the case because meaning
itself is an emergent product of the interaction between the ideas to be
learned in the instructional material and relevant subsuming (anchoring)
ideas in the learner's cognitive structure. [ARK 70 (emphasis added)]

MeaningfulReceptiorLearning

only
potentially
meaningful

external
teaching
materials

and teach
accordingly

Figure 11.25
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Learning materials are objects in the physical realm which may be prepared by a teacher
or other expert, expressed in terms from a linguistic system assumed to be understood by

learners, then transmitted to learners. According to Novak:

A key problem in learning . . . is that most instructional materials are
conceptually opaquehat is, they do not present the concepts and concept
relationships needed to understand the meaning of the . . . ideas involved.
[Novak 1998 162]

One can find conduit metaphor (see: Section 11.2) influence in the claim "material
presented to learner is orpptentiallymeaningful.” Physical teaching materials

themselves caneverconstitute, be full of, nor possesganing which resides only in

the mental realm. Indeed, Ausubel acknowledges that there is no perfect certainty that a
learner will be successful in constructing meaning as a result of engagement with

particular learning materials.

A meaningful intentional set or approach to learning, as already indicated,
only eventuates in a meaningful learning process and outcome provided
that the learning material itself ptentiallymeaningful. Insistence on the
qualifying adjective "potential” in this instance is more than mere
academic hairsplitting. If the learning material (task) were simply
consideredilreadymeaningful, the learning process (apprehending and
generating its meaning and making it functionally available) would be
completely superfluous; the object of learning would obviouslgltzady
accomplished, by definition, before any learning was ever attempted
irrespective of the type of learning set employed or the existence of prior
relevant knowledge in cognitive structure. ... [ARK 54, foothote 3, 64]
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Meaningful reception learning is distinct from discovery learning

Ausubel distances meaningful learning from discovery learning. Conversely, discovery
learning is not necessarily meaningful. Meaningful reception learning requires "the
entire content of what is to be learned is presented to the learner in final form." In
discovery learning, the student must first discover which materials and ideas are relevant

(see: Figure 11.26 and Figure 11.28):

The main difference between propositional learning as found in reception
learning situations, on the one hand, and in discovery learning situations,
on the other, inheres in whether the principal content of what is to be
learned is discovered by, or is presented to, the learner. ... In discovery
learning ... the learner must first discover this content by generating
propositions that represent either solutions to the problems that are set or
successive steps in their solution [Ausubel Novak Hanesian 1978, pp. 4-5]

In reception learning, the entire content of what is to be learned is
presented to the learniarfinal form The learning task does not involve
any independent discovery on the student's part. The learner is required
only to internalize or incorporate the material that is presented so that it is
available or reproducible at some future date.

[Ausubel Novak Hanesian 1978 24 (emphasis added)]

During the late 1950's, dissatisfaction with educational institutions, their conventions, and
perceived responsibility for decline in world status gave rise to controversy about causes
and cures. One theme that appeared to appease the dissatisfaction partially was that
students would learn more, and better, if they worked harder. One form of their working
harder was to require learnergdiecoverfor themselves the material and concepts they
were to learngiscovery learning Ausubel challenged the idea that requiring students to
design their own curriculum, even at the level of an individual lesson, would lead to

improved learning. [Footnote I1.5]
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For years, discovery learning was accepted to be the antidote to rote learning:

(2) the prevailing tendency to confuse the reception-discovery dimension
of the learning process with the rote-meaningful dimension [ARK 48]

Ausubel argues that one could not expect a school-age learner to perform the same
meaningful cognitive work that led Newton to his laws, Galileo to his discovery, nor

Einstein to his equations:

[T]he entire content of what is to be learned is presented to the learner in
final form. The learning text does not involve any independent discovery
on the student's part. The learner is required only to internalize or
incorporate the material that is presented so that it is available or
reproducible at some future date. [Ausubel Novak Hanesian 1978. 24]
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The battle cry of the progressivists that the student must assume full
responsibility for his own learning has been distorted into a doctrine of
pedagogic irresponsibility. It has been interpreted to mean that it is the
student's responsibility to self-discover everything he has to learn, that is,
to locate and organize his own instructional materials from primary
sources, to interpret them independently, to design his own experiments,
and merely to use the teacher as a consultant and critic.

Education, however, is not, and has never been, a process of complete
self-instruction. Its very essence inheres in the knowledgeable selection,
organization, interpretation, and sequential arrangement of learning
materials by pedagogically sophisticated persons. The school cannot in
good conscience abdicate these responsibilities by turning them over to
students in the name of democracy and progressivism. [ARK 34]

Ausubel showed that rote - meaningful learning and reception-discovery learning were
two different continua, and that meaningful learning, not discovery learning, is the

antidote for rote learning (Figure 11.27 (from Figure 1.1, p. 25)):

meaningful
learning A

rote
learning L -

reception discovery
learning learning
Figure 11.27
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Reception learning is distinct from problem solving

A student's ability to apply an algorithm to a problem and obtain an answer, without
understanding the intellectual basis of the algorithm, indicates rote problem solving

ability, not meaningful learning (Figure 11.29).
Ausubel differentiateseception learningrom mereproblem solving ability

It has been commonly accepted for example (at least in the realm of
educational theory) (1) that meaningful generalizations cannot be
presented or "given" to the learner but can only be acquired as a product of
problem-solving activity (Brownell & Hendrickson, 1950)

It should be clear by now that verbal reception learning can be genuinely
meaningful without prior discovery experience or problem-solving activity

.. . [ARK 44]
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Instruments associated with Assimilation Theory

What evidence is accepted that a learner has constructed meaning? How may a learner's
cognitive objects (concepts, structures, and processes) be recognized and identified?
Instruments are a tool (method) for recognizing and identifying structures and processes.
Instruments express or produce representations of invisible phenomena in visible
(physical) form and thus able to be transmitted to others. Concept maps and other tools
described by Ausubel and Novak are instruments for expressing and viewing a partial

image of a learner's knowledge, otherwise invisible to all but the learner (Figure 11.30).
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Joseph Novak, one of Assimilation Theory's leading proponents, has published widely
about the application of Ausubel's ideas in classroom settings. Perhaps Novak's most

valuable contribution is in his descriptions of concept maps and other instruments.
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Advance organizers, vee-diagrams, scaffolding, K-W-L Charts, and personal interviews
are briefly described but contribute importantly to Stage Two criteria. The attributes and
value of concept maps are explored in greater detail as they play a more prominent role in
Novak's explications of Assimilation Theory. Finally, various functions of these

instruments are enumerated.

Advance organizers

Prior to study of a topic, advance organizers present anchoring concepts specific and
relevant to the topic context (in the teacher-writer's knowledge structure) that the learner

requires to make sense of the subject matter itself:

The function of the organizer, after it interacts with relevant subsumers in
cognition structure, is to provide ideational scaffolding [ARK 149]

Advance organizers are not simply summaries or overviews, but express bridging
concepts between general context and specific ideas that explain or satisfy the conceptual
gaps reflected by facus question They are intended to be presented prior to learning a
body of subject matter. They highlight the superordinate anchors and their relations of
the new subject matter and indicate how these relate to the student's existing knowledge.

This implies that the learner's existing knowledge has been identified.

Advance organizers have been the subject of frequent research since 1960 when Ausubel
originally proposed the idea. As one of the few practice-oriented Assimilation Theory-
based instruments acknowledged by Ausubel, his explications of the principles of

advance organizers are used in developing Stage Two criteria for this project.

Advance organizers are an examplsaidffolding
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An introduction to advance organizers using Ausubelian terminology:

ADVANCE ORGANIZERS

Structure, Function, and Rationale for Use

An advance organizer is a pedagogic device that helps implement these
principles by bridging the gap between what the learner already knows, and
what he needs to know if he is to learn new material most actively and
expeditiously. The proximate situation that makes an advance organizer
both desirable and potentially effective in bridging this gap is the fact that in
most meaningful learning contexts, the existing relevant ideas in cognitive
structure are much too general and lack sufficient particularity of relevance
and content to serve as efficient anchoring ideas for the new ideas
introduced by the instructional material in question. The advance organizer
remedies this difficulty by playing a mediating rale., by being more

relatable to, and relevant for, tharticular content of the specific learning

task, on the one hand, and by additionally being relatable to the more
generalcontent of the potential anchoring ideas, on the other.

[in contrast to advance organizers] [sJummaries and overviews, on the other
hand, are ordinarily presented at the same level of abstraction, generality,
and inclusiveness as the learning material itself. They simply emphasize the
salient points of the material by omitting less important information. Thus,
they largely achieve their effect by repetition and simplification.

Thus, an advance organizer is introduced to the learner prior to confronting
him with the learning material itself.
[ARK 11-12 (emphasis and annotation added)]

Advance organizers may also be used as an assessment tool. For example, an advance
organizer for newly employed youth about personal income taxes, might outline different
types of taxes, describe taxpayers' obligations, show a pie-chart of how tax revenues are
distributed, and show a sample of a pay stub with deductions. This would prepare

students to learn the process of obtaining and using tax forms and instructions.
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Vee-diagrams

Vee-diagrams employ a spatial device, a V-shape, to organize and present context around

a focus question.

The vee-diagram is attributed to D. Bob Gowin, a colleague of Joseph Novak. Ausubel

does not discuss Vee-Diagrams other than to acknowledge Gowin's contribution:

Gowin's (1977) "Vee" is a heuristic device designed to help learners
become explicitly aware of the methodological and procedural issues
involved in discovering new knowledge. [ARK. 174]

Novak presents the notion of "epistemological vees" succinctly:

To aid students in understanding research reports, Gowin (1970) devised

five questions, the answers to which could provide the student with a

better understanding of the research. These five questions were:

1. What are the telling or focus questions? These are questions that tell
what the inquiry seeks to find out.

2. What are the key concepts? These are the dozen or so disciplinary
concepts that are needed to understand the inquiry.

3. What methods of inquiry (procedural commitments) are used? These
are the data gathering or data interpreting methods used.

4. What are the major knowledge claims? These are the answers claimed
by the researcher as valid answers to the telling questions.

5. What are the value claims? These are claims, explicit or implied, about
the worth or value of the inquiry and the answers found in the inquiry.

[Novak, 1998. 80-81]

An example of a vee-diagram is presented in Figure 11.31. [Novak and Gowin 1984]
presents perhaps the most detailed description of vee diagrams, their construction, and

their use.
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The Vee diagram is structured such that the progression from top to bottom on both
wings of the vee is from the general to specific. The vee is traversed beginning at the

upper left, with presentation of concepts in increasing specificity, until the event or object
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to be studied is described at the nadir of the Vee. Proceeding up the right side, entries are
dedicated to methodological elements that begin with records, then with increasing
generality, interpretations, and then knowledge claims. At the top right of the Vee, the

most abstract entry is given, e.g., value claims of the inquiry.

Vee diagrams are useful because they aid both author and reader in recognizing the
concepts intervening between a specific focus question and its generalized context. Thus
they may be constructed by instructors for use as presentation material or for organizing
presentations, and by students. Use of vee-diagrams for assessment is described in the
educational psychology literature adjacent to Assimilation Theory but their use in that

role appears limited in practice.

Concept maps

Concept maps are simply diagrams depicting objects and relations among objects. The
accumulated knowledge of concept maps by Novak and others contribute to Assimilation

Theory's theoretical base.

Earlier, Ausubel's notion was presented that teaching materials should express concepts
that form a continuous connectionpath, betweemew ideas and the student's prior
knowledge. Maps express paths. Concept maps can express conceptual connections,

paths betweemew ideas and the student's prior knowledge.

As concepts inhabit the intellectual realm and not the physical world, the depictions on
concept maps are only representations of concepts. Diagrams depicting real world

objects can be indistinguishable from diagrams depithiegdeas ofeal world objects.
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Concept maps are annotated with labels describing concept objects and the relations
among them. Concept maps easily depict non-linear relations. The symbols of which
concept maps are comprised form a limited linguistic system to express conceptual
structures, comprised of concepts, relations among concepts (which are, themselves,
concepts), and concept attributes (also concepts). In concept maps, lines are meaningful,
space is not, and distance generally is not, although density of neighboring concept

depictions may be meaningful.

Concept maps appear in varying degrees of formality from highly systematized and rule-
laden to free-form sketches. Concept maps are among many diagrammatic forms for
depicting relationships among objects (physical or intellectual), including cognitive maps
(Edward Chance Tolman originated the term to explain aspects of rat behavior), process
maps, mind maps, semantic networks, and conceptual graphs, to name a few. Some
reflect concept objects, others reflect conceptual processes, including depictions of their
endpoints. The software manufacturer whose product was used in producing the concept

map examples in this section lists about sixty variant map types.

Though Ausubel himself made little use of concept maps, his foremost adherent, Joseph
Novak, has written (and drawn) prolifically about their principles, their relationship to

Assimilation Theory, and their use in practice.

Despite this lengthy and precise elucidation of the theoretical issues,
however [Ausubel] has not provided educators with simple, functional
tools to help them ascertain "what the learner already knows." Concept
mapping is such an educational tool. [Novak and Gowin 1984 40].

The primary function of a map is to enable a wayfinder to identify "where" he is, "where
he wants to go, and find a path for travel, while also providing context. Concept maps

offer this same potential to reader-learners. Other important functions and benefits
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accrue from use of concept maps. Their use in assessment of knowledge accrued by the

learner is addressed below.

The labor of learning requires several kinds of tasks (described throughout this Section,
e.g., establishing relations among concepts (heaning). This work can be difficult.

Tools are for making work easier. Concept maps are a writing-and-thinking tool that
students and teachers can use to stimulate the various tasks inherent in learning, teaching,
and assessment. Writers, including teachers, use concept map tools in stimulating the
construction of an expression of their own knowledge structure for use in presenting
subject matter to others. In the course of construction, the mapping processes force
recognition, identification, construction, and labeling of concepts, attributes, and relations
to other concepts, and provoke recognition of their "gaps" (missing concepts, and
unsupported or missing relations among concepts), misconceptions, and, alternative and
mistaken ideas, in their knowledge and in vocabulary to express concepts. As in brick-
and-mortar construction, bricks cannot be installed into mid air. The construction worker
is forced to assure each object is properly connected to the existing structure. In
constructing concept maps, as in writing, the writer may discover new ideas, and re-
discover ideas they had neglected because they are forced to be conscious of relations

among concepts:

Even very experienced teachers are often surprised at the fuzziness of their
own ideas about a topic they may have taught for years when they make a
concept map. [Novak 1998 116-117]

Concept maps, if limited to seven plus or minus two [Miller 1956] objects, provide

readers a parsimonious visual view of a subject matter area.

Concept maps may be viewed and grasped in non-lamesaks They partially

overcome a cognitive processing burden that arises on account of deriving non-sequential
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webs of meaning from linearly structured writing in which each word must precede or

follow other words (see below, Stage Two criteria derived from Foucault).

For example, consider the brief paragraph:

The warm wind had swept in from the south and taken the children's
newest and best friend, Frosty. Frosty had been built that morning, and
was outfitted with a colorful scarf and a shiny top hat. The snowman|was
young Sally and Tom's first try at building a showman, and sadly, the
first experience with mourning.

=

Figure 11.32a

To construct meaning from this paragraph, one must perform many cognitive tasks. One
must build, among others, two constructs, past(a snowman and the labor to gather

the material and to shape it), and @nesent his melting away. Beyond this, one then

must recollect and project one's own recollections of (1) snowmen, (2) loss of a friend,
and, perhaps memory of loss of a snowman. One might filter or de-prioritize non-
essential ideas, e.g., the snowman's clothing. If performance of these tasks has any

inherent sequential order, it does not appear rigid.

However, the source for these non-linear tasks is a sequence of 56 words, 313 characters
that must be parsed and processed to evoke the ideas expressed in the paragraph. Of
course, most are facile in performing this construction and thus understanding appears to
happen virtually effortlessly. But, work is still performed, the work of recognizing which

are the important concepts and what their relationships are to one another.

Now consider a concept map that expresses some of the same concepts (Figure 11.32). In
this map, only selected concepts are depicted, primarily, the snowman and a distinction
between past and present status. The relations among concepts are also expressed. The

map is not linear. The reader may assimilate it as a general whole, or study it in detail
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from any starting point. Foremost, concepts and relations are expressed explicitly, thus

inviting greater attention, greater focus, and resulting in greater clarity.

conceived
and built
by children

prior state personified

by children

state-change attribute
imposed

Frosty,
a snowman

attribute
imposed

current state

children
sense 'loss
of person’

Figure 11.32b
Differences (Figure 11.32a and Figure 11.32b) between an idea expressed
(1) as natural language (linear) and (2) as concept map (network)

Because concept maps generally restrict the number of concepts and relations, they can
make possible the reader's detection of differences between the reader's understanding of
the structure of a subject and the author's understanding that might not have been
otherwise apparent. A learner might have been unaware that he held conflicting

concepts. The conflict might become visible as the learner constructs a concept map:

If seekers are asked to build the best concept map (for their inquiry), they
will reveal both their valid and invalid ideas. The process of creating
concept maps alerts the seeker to the fact that they do have some relevant
knowledge [but also a gap]. [Novak 1998 72 (annotation added)]
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Concept maps generally offer benefits of general maps. Reading maps, and especially
constructing maps, can motivate questions and evoke ideas. Map theory, beyond that
expressed by Novak, is an important aspect of the role of visual depictions in reading,

writing, and thinking, and is considered further below (Section 11.2).

Finally, benefit is often accompanied by detriment. Use of concept maps can be easy to
resist because their construction requires an unfamiliar explicit kind of cognitive labor:
searching for, recognizing, identifying, and explicitly expressing and labeling each
concept and relation. For example, it is easy to draw an oval and Isitr@Mmnanbut
identifying and rendering its relevant attributes is work. Assimilation Theory teaches that

this expenditure results in benefits with impact: increased meaningful knowledge.

K-W-L charts

K-W-L Charts [Carr Ogle 1987] represent the student's existing knowledge (K), the
knowledge the student wants (W) to learn, and the knowledge the student has learned (L).
These align with Ausubel's prime directive, to ascertain the learner's existing knowledge,
and reflect a cognitive constructive bridging or pathway between concepts known by the
learner and how to step toward endpoints (goal concepts). They take the form of a simple

three column chart. [Mintzes Wandersee Novak 1998 98].
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Personal interviews

Interviews are widely used for eliciting an understanding of a person's knowledge or

beliefs. In terms of Assimilation Theory, they serve as an assessment instrument.

Novak devotes an entire section of his book to personal interviews as an effective

instrument for ascertaining a learner's existing knowledge:

[The] personal interview [is the] most powerful tool for capturing
knowledge held by individual. . ..

The design of good personal interviews involves several steps. First is the
clear definition of . . . the focus questions. . ..

A concept map should be prepared to organize the structure of knowledge
the interviewer anticipates will be relevant . . . this map may represent the
knowledge structure held by the experts . .. [Novak 1998 101-104]

The learner's knowledge structure likely changes during the course of the interview.
Merely asking a question potentially imputes importance to its subject matter and
contributes to the learner's understanding of the interviewer. Southerland itemizes

several detriments to the use of structured interviews as used purely for assessment.

Personal interviews provide the benefit that they are perceived less as a test or
examination, than as a conversation. Different psychological influences obtain in a

conversation than an examination.

Interviews are a verbal device for negotiating an understanding of the learner's
knowledge. The interview structure described by Novak is similar to isomorphic
mapping and projection and is the primary technique used by reference specialists in

assisting inquirers in libraries.
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Exercises

1. Select an abstract from a journal article with which you are unfamiliar. Using no
more than three to five concepts, depict the concepts and relations among concepts as

expressed by the abstract.

2. Read the whole article from the exercise above and construct a concept map depicting
the most important concepts and relations. Contrast the previous and current maps.
What restructuring of the fuller concept map, or disregarding of concepts or relations,
would have to be performed to arrive as the map derived from the abstract? ldentify
criteria that the render these concepts and relations less essential than those appearing in

the concept map of the abstract.
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Role of instruments in assessment and evaluation

The learner and the instructor share responsibility for detecting when the learner is off
course, i.e., failing to recognize concepts, endpoints, relationships, overarching ideas, or

failing to assimilate or synthesize ideas, and draw conclusions according to expectations.

Concept maps and the other devices described above can be used in several ways: (1) (by
teachers) to ascertain (partially) a learner's initial knowledge state, (2) iteratively, to
ascertain the knowledge the learner has assimilated at a point during a period of
instruction, and (3) by the learner as a means of compelling him to expend cognitive

energy to recognize concepts and relations among concepts on a given topic.

Novak specifies the defining characteristic for assessmendiofdual learners:

[W]e must strive to measure what we believe are the most important
relevant variables. Here is where a theory of education can be helpful in
deciding on what to record.

.. . our central concern in evaluation of cognitive learning should be with
the ability of the test instrument to assess conceptual and propositional
frameworks held by the subject, or the extent to which knowledge is
learned substantively, which is the case in meaningful learning.

[Novak 1998 181-183]

The main assumption behind concept mapping is that expertise or
understanding can be assessed by asking a person to construct a map by
relating concepts in a hierarchical structure using propositional statements
such as is regulated by and results in the links or connections. The
resulting map reflects the person's mental structure related to the
concept(s) in question. [Good 2000. 347]

Construction of "before and after" concept maps can show changes in the learner's

cognitive structure. This detection of process endpoints, that is, expression of concepts
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and relations or their absence, can be useful to the instructor in planning teaching

materials and can provide objective reinforcement to the learner as to their progress.

Concept maps can be particularly valuable in enabling instructors to detect students’

misperceptions and preconceptions (see above).

Various schemes for using concept maps for assessment of a student's grasp of subject
matter have been described in the educational psychology literature. Earlier assessment

techniques were primarily quantitative, simply counting concepts and links.

.. . the mental measurements crowd . . . the psychometric gang . . .
unwarranted reverence for precise numbers. [Novak 1998 76]

This approach has been integrated with more meaningful qualitative methods to
recognize where a student succeeds or fails to recognize specific concepts or specific
relations in specific situations. Assessment requires the learner's knowledge structure to
be compared to a conceptual reference structure. Concept maps may be used to assess
whether specific concepts or concept relations occur, or whether they occur in a specific
context. Merely counting concepts and connections might be useful, in quantifying

information overload, but not in other lines of inquiry. Novak recommends:

My approach is to provide students with a list of 20 to 30 concepts and ask
them to map these, . . . construction of the map requires . . . organizing the
structure of the map, selecting important, relevant concepts . . . searching
out salient cross-links, indicating relationships between concepts in
different sections . . . .

We have developed a variety of scoring algorithms to give numerical
scores to concept maps, permitting statistical tests and comparison with
other tests. [Novak 1998 192-194]
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Validity; critical evaluation of Assimilation Theory

Validity of research findings is limited by the validity of the instruments, assumptions,
and other elements utilized by the investigator. The primary evaluative instrument in this
essay is Ausubel's Assimilation Theory. Thus, the veracity of the findings expressed in

this report depends upon the validity of Assimilation Theory.

Assimilation Theory is assumed valid in its role as the baseline evaluative instrument
adopted for this essay. This assumption is supported both by the credible provenance of

Ausubel's research record:

Literally hundreds of research studies and dissertations on such related
variables as advance organizers, integrative reconciliation, progressive
differentiation, sequential organization of subject matter, review,
overlearning, and the consolidation of learning, etc. have been conducted
in a meaningful learning context.
[ARK  xiii]

and by the absence of claims of invalidity generally encountered in the literature when

working with theories and ideas that have been discredited or fallen into disrepute.

Challenges to Assimilation Theory are few, although this may be in part because
Ausubel's work is only modestly cited in the intra-disciplinary literatures, primarily
educational psychology. Ausubel frequently anticipates and confronts ideas that conflict
with Assimilation Theory throughout his texts. Beyond the borders of educational

psychology, Ausubel's ideas are cited more widely. [Footnote I1.6]
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Within the confines of educational psychology, Ausubel recognized challenges to ideas

with which Assimilation Theory aligns:

Excellent reasons, of course, exist for the general disrepute into which
expository teaching and verbal reception learning have fallen. The most
obvious of these is that, notwithstanding repeated policy declarations of
educational organizations to the contrary, potentially meaningful subject
matter is still very often presented to pupils in preponderantly rote fashion.
[ARK 44]

This is taken as an intramural debate that need not bear upon Assimilation Theory's value

to this study.

Interestingly, though Ausubel heavily emphasizes the importance of ascertaining a
learner's prioknowledgethere is no mention of ascertaining whaicesse®r process

capabilities the learner has or does not have as his disposal.

Within the scope of this essay, a handful of concerns arose.

Ascertainment of the learner's existing knowledge. Ausubel's theory is anchored to the

axiom that facilitating meaningful learning requires the teacher to

Ascertain this [the learner's existing knowledge] and teach accordingly.
[Ausubel Novak Hanesian 1978, iv (flyleaf)]

There is little dispute that one's mind is, for the most part, a private world. Assimilation
Theory does not admit telepathy as a possibility. How may an instructor ascertain a

learner's existing knowledge?

Helpful here is Wilson's [WilsonP 1977] distinction between public and private

knowledge. In public knowledge, the intersubjective, concepts are held by pluralities of
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people. These ideas are assumed to be substantially similar from person to person based

on education, training, negotiation of meaning, and common experience.

Assimilation Theory relies on the intersubjective notions of (1) a distinction between
private and public knowledge, and (2)aimmunication Indeed, the basis of

communication is the assumption that one's ideas may be expressed such that others may
receive a physical manifestations of the expression and reconstruct some meaning,
perhaps the speaker's or writer's meaning, but with only imperfect certainty. Language is

the bridge that provides for transmission of expressions from one to another.

Thus, Ausubel's dictate to ascertain the identity objects (concepts) that can exist only
within the learner is problematic but resolvable through the notion of communication:
Others can construct their idea of what concepts the learner knows, and negotiate

meaning to achieve some degree of certainty of consonant understandings among people.

Process ascertainment. Ausubel writes prolifically about @mtleptsandprocesses

His doctrine calls for ascertaining tbenceptsa learner has assimilated. Oddly, he does
not make a complementary call for ascertainingotioeesses learner is able to perform.
One might read these to be part of his characterization of a leanearsngful learning

set but Ausubel never prescribeir ascertainment in the clear and constant manner as

for ascertainment of the learnekisowledge

Methodological individualism. Methodological individualism (see: Meaningful learning

and epistemological individualism, Part Il.1) has been challenged and condemned in
favor of approaches based on social clusters and communities. This debate rages on,

unresolved, and inconclusive as to bearing on validity of Assimilation Theory.
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"Acquisition" of knowledge and susceptibility to conduit metaphor effects. Questions of

terminological validity invariably arise when expressions become overused. The central
terminformationis used in many specific senses, and often without conscious reference

to any specific sense, but as a blanket term referring to mental objects such as ideas,
physical objects such as documents, or both. Despite their conscious recognition of
indispensability of the individual cognitive labor that must be part of any informative

event, both Ausubel and Novak fall prey occasionally to the pervasive conduit metaphor.
Reddy predicts as much -- that awareness of the conduit metaphor is, by itself, inadequate
inoculation against its seductive lure and its adverse effects. This seduction is, as Reddy
points out, embedded in the metaphorical structure of language. Ausubel's use of terms
such agontentand (mis-)use of the preposition(as in "meaningn instructional

material") are not interpreted here as evidence of the invalidity of Assimilation Theory.

A potential inconsistency in Ausubel's writings is the notion that a "new idea"

(sometimes unhelpfully described as "neaterial’) becomes integrated into one's
knowledge structure. This raises the possibility that one can "have an idea" that is not in
their knowledge structure. Yet the essence of a concept relies upon its composition of
relations to other concepts and sensed experience. ifiteggationis interpreted here to

mean merely that there is an increase in the number, kind, or degree of influence of a new

idea upon the sum or one's existing knowledge.

Perhaps the most egregious conduit metaphor error in Ausubel is his selection of the very
termacquisitionin the title of his book [ARK] rather thazonstructionor derivationof
knowledge. Ausubel confronts the implications of this terminology directly (see:

Interpretation oficquireandacquisition above).
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Limitation on cognitive structure taerarchy. Ausubel's (mis-)interpretation of

generalizatioras strict hierarchy is critically discussed earlier in this Part. As Lakoff and
Rosch and others have pointed out, generalizations often are conflicted exceptions. In
these debates, the exempthair is often cited as an example. According to Ausubel's
doctrine, prior to teaching about the ergonomics of movie theater design, the general
notion ofchair should be understood. However, not all chairs have the same properties,
for example, legs. Some "chairs" in sports stadiums and on busses and trains, have no
legs, but are supported by horizontal girders. Tlgsare not hierarchically inherited

from chair in all cases. A better perspective is to understand chairs as a generalization in

which most, but not all variants possess the attrilegie

The method for overcoming prior misconceptions relies upon those very misconceptions.

Ausubel's Theory's fundamental tenet is that meaningful learning requires that new ideas
be the assimilated througistablishment of relationships to the learner's existing

knowledge But this may be theery prior conception that must be overcome!

Differentiation between recall and recognition. This essay does not follow Ausubel on

the distinction between recall and recognition. Ausubel sees recall as the more difficult,
and the difference as a matter of "dissociability strength." The serseatifadopted in

this essay is simply as synonymous with memory, wheesaginitionis regarded as
comprising two operations: recall, and then either a mapping to ascertain recognition-as-

identity or a projection to ascertain recognition that an idea is an explanation.
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Summary. Though beyond the scope of this report, the reader may draw upon
intradisciplinary accounts of how Ausubel's work may be differentiated from his
contemporaries' and from current theoretical trends. No claims of epistemological
inconsistencies in Assimilation Theory have surfaced. Ausubel's claims are founded on
the provenance of a substantive record of case studies, his own private practice, and
university-based research reported in peer-reviewed forums. His Assimilation Theory is

accordingly concluded to be deemed credible.
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[I.2 Complements to Assimilation Theory
What is communication?
Communication requires not only physit@nsmissionbut cognitive
sharing for useandconstructingneaning
Negotiation of meaning
Private knowledge vs. public knowledge
Sensory-perceptual capacity limits communication
Loss of meaning is inherent in communication and reception learning
What are implications of the conduit metaphor to meaningful learning?
Manifestations and adverse consequences of conduit metaphor effects
Mitigation of conduit metaphor effect: communications reference models
The Five Divisions of Rhetoric: a communications reference model
Properties of objects of each Division of Rhetoric
Inventio
Basicinventioand abstraatventio
Basicinventioand epistemological individualism
Basicinventioand categories
Dispositio
Dispositioreveals the relations among componaméntio
How dispositioexplains contemporary category theory
Species otlispositio ldealized cognitive models
Species otlispositio Frames
Species oflispositio Image schema
Intervention
Dispositioattributes: belief, trust, truth
Elocutio
Unique property of languagelocutia
it reaches into both mental and physical realms
Fixity
Pronuntiatio
Differentiatingpronuntiatiofrom dispositioexplains the
giving anomaly
Memoria
Role of memory in Assimilation Theory
Differentiatingrecall andrecognition
Historical role of memory
Impact ofmemoriaon thought and language
Differentiating objects derived in any Division from those of the others
Mistaking objects of one Division of Rhetoric for objects of another
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Derivation of objects of one Division from objects of another Division
Objects of each Division agerivations not transformations
notrepresentationsnot encapsulations, and rmades
Loss, change, or addition of meaning may be a consequence
of any derivation
Notation
Specific derivations
Inventio=> dispositioanddispositio=> inventio
Dispositio=> elocutioandelocutio=> dispositio
Dispositio=> elocutiois selection of linguistic
system and terms
Elocutio= dispositiois specification for evoking
and selecting meaning
Dispositio=> elocutiocompels speaker-
writer to (re-)organizelispositio
Elocutioonly indirectly correlates to
meaningdispositio
Elocutio alwaysundespecifiesdispositio
Canelocutiospecify meaningxplicitly?
Dispositiois not linear, natural language
elocutiousually is
Elocutio (semanticy> elocutio(percept) and vice versa
Elocutio=> pronuntiatioandpronuntiatio=> elocutio
Pronuntiatio => dispositio
Principles that bear upg@ronuntiatio= dispositio
Interaction with paper
Human-computer interaction (HCI)
Evidence that a learner has constructed meaning
Continuous derivations
What are reading and writing?
Reading and writing angersonal
What is atext?
What is the purpose oftaxt?
What is reading?
Why is reading difficult?
Why is proofreading difficult?
Innovations that mitigate obstacles to meaningful reading
What ispayingattentior?
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What criteria might be used to determine if one is
payingattentior?
Summary of meaningful reading
What is listening?
What is writing?
Senses ofvriting
Fragmentation facilitates arranging
Value of writing to meaningful learning
How does a writer decide which ideas to express next?
Arrangements, models, plots, themes, plans
Anticipating and satisfying the reader's expectations
Why is writing difficult?
Innovations that mitigate obstacles to writing
What is interpretation?
Assimilating: pronuntiatio=> elocutio=> dispositio
Expressing:inventio=> dispositio=> elocutio=> pronuntiatio
What is thinking?
What ismind?
What do learners do when they think?
Why does one thought lead to another?
Isomorphic mapping and isomorphic projection
What is isomorphic mapping?
What steps occur in isomorphic mapping?
Determining whether two concepts are "the same"
What is isomorphic projection?
What steps occur in isomorphic projection?
Blends
Counterfactual blends

What motivates isomorphic mapping and isomorphic projection?

Isomorphic projection underligsansfer
Isomorphic projection underliegbstraction
Isomorphic projection underliesategorizing
Isomorphic projection underliggeneralization

Isomorphic projection underlies many other cognitive activities
Isomorphic projection underlieaetaphor
Metaphor is a figure of thought, not a figure of language
Metaphoric operation is @artial isomorphic projection
Impact of metaphor, as isomorphic operation, on learning
Isomorphic projection also underlies . . .
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Function of isomorphic mapping and projection: labor-saving
Most isomorphic operation is subconscious
Why is thinking difficult?
Innovations that mitigate obstacles to thinking
What isincubatior?
What is critical thinking?
How can assumptions be recognized?
How does warrant probing operate in critical thinking?
Reliability, the quest for certainty: belief, trust, truth,
knowledge, cognitive authority, etc.
Where do plans come from?
What is the role of imagination in thinking? What is creativity?
Imaginationis isomorphic projection of counterfactual
concepts

Macro isomorphic operations: Idealized cognitive models

Recognizingpasic schemalispositiq or idealized cognitive
models (ICMs)

Anticipatingidealized cognitive models (ICMs)

Subconscious influence of an ICMagerspectiver
preconception

Dichotomy: anticipating concepts is indispensable,
but anticipation can also be misconception

TheEurekalevent

An example of imaginative comprehension events
Relations amon@ventiqg notinventiothemselves,
are best determiner of underlying structure

What is inquiry?
Elements of a model of inquiry

()
(1)
(2a)
(2b)

(2c)
(3a)
(3b)

(3¢)

What is econceptualeference structurg

What iscuriosity?

Thecognitivequestion inadequatelispositio(gapsandblockg

Cognitivequestioras-expressiorekpressed questiprelocutio
How does the learner formulate an expressed question?

Performing the@xpressedjuestion to a teacher-subject specialist

Reconstructing the inquirer's cognitive question

Mapping the inquirer's cognitive question to a conceptual reference
structure

Projecting explanatory concepts from the conceptual reference
structure to the inquirer's cognitive question
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(3d)
(3e)
(3f)
(4a)
(4b)
(4c)
(4d)

(5a)
(5b)

(6)
(7)

Expressing the concepts projected

Published texts identified

Performingpronuntiatiofor the inquirer

Inquirer perceivingronuntiatio

Inquirer unpackpronuntiatiointo dispositio

Inquirer replicates isomorphic projection

Intellectual engagement with records

Explanationamitigate inadequateispositio
An explanationis a conceptuglaththat displaces a

cognitive question

Inquirer relates new concepts to their existing knowledge
Recognizingdispositioas explanatory

Inquirer imputes attributes of trust, belief, or truth to new
knowledge

Understandingmeaningful learning or becoming informed)

Iteration and feedback
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1.2 Complements to Assimilation Theory

Ausubel's Assimilation Theory provides important superordinate ideas from which the
Stage Two criteria are derived. However, some tenets of Assimilation Theory are
explained in greater dimension by writers in adjacent fields. For example, Ausubel
explicateaneaningful reception learnindput provides little reference to ideas from
communications, linguistics, or cognitive theory. Cognitive linguists and philosophers
explain concepts that Ausubel does not, for example, the mechamsertyingtransfer,
i.e., isomorphic mapping and isomorphic projection. In this Part, complementary ideas

that amplify Assimilation Theory are drawn upon as sources for Stage Two criteria.

As LIS claims expertise in use of documentary sources to assist inquirers in becoming
informed [Buckland 1988 ch. 9], it is incumbent upon LIS to have an understanding of
how inquirers become informed through interaction with documents (records). If the
products of LIS labor, bibliographic instruments and systems, do not reflect such

understanding, their effectiveness and usefulness are unlikely to fulfill their potential.

Thus, to attain a better understanding of the Basic Relationship, one must attend to the
means by which inquirers become informed through use of documents, including
communicationits modes, how people use documents, how people read and listen); how
they write, author, organize, speak, and perform; howititeypret and indeed, how

peoplethink (Figure 11.33).

Reception learning inherently relies upmymmunication This section begins with an
exposition oftommunicationin particular, a historically-grounded sense of the concept

that is differentiated from the more common transmission-of-objects sense.
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What is communication?

Communications an essential element of human activity, especially learning. Reception

learning may be regarded as one modeoaimunicatior(Figure 11.34).

Communication requires not only physicaltransmission, but cognitive

sharing for use and constructing meaning

The popular connotation eébmmunications as a synonym fdransmissiorof
"information,"” that is, delivery of signals or objects via channels in the physical realm
constitutecommunication. Shannon and Weaver's well-known paper [Shannon Weaver

1949] usesommunicationn this non-cognitive sense.

The sense afommunicatiorused in cognitive constructivist theories, including

Ausubel's, is distinct from theansmissioronly sense, instead focusing on activity in the
intellectual realm rather than the physical world. The notidraomissiorof a

message from one place to another was wholly absentmmunicargthe parent term of
communicationwhich emphasizemnparting or sharingmeaning. The ancients chose to
coin and use the distinct temommunicarerather than use words derived fror@nsport
terms, surely available to them. Why? Perhaps because in oral communication, nothing

moved from place to place. Thus:

Communications sharing for use
namely, the use of constructingeaning in people

This distinction is important because the labor entailed in communication was not viewed

asphysicaltransport but rather amtellectualwork.
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Ausubel acknowledges this historical senseashmunication

Psychological meaning is invariably an idiosyncratic phenomenon. Its
idiosyncratic nature, however, does not rule out the possibility of social or
shared meaningsThe various individual meanings that different

members of a given culture assign to the same concepts and propositions
are ordinarily sufficiently similar to permit interpersosammunication

and understanding. As we have had occasion to note earlier, this
homogeneity ogharing meaningwithin a particular culture, and even
between related cultures, reflects both the same logical meanings implicit
in logically meaningful concepts and propositions as well as many
common aspects of ideational background in different learners' cognitive
structures. [ARK 74 (emphasis added)]

Through communication, learners construct their own idiosyncratic interpretations as to
the meanings writer-speakers express. Such meanings may be substantially similar to
their own. This doesotimply that knowledge ig1 documents or transmissions, but

instead derives from them through cognitive labor.

Negotiation of meaning

The labor ocommunications of two kinds: internal onlygonstructingone's own

idiosyncratic meaning, and, internal-extermedgotiatingmeaning with interlocutors:

There is constant need to negotiate meanings . . . [Novak 1998 38].

The field of communication expands to include all aspects of the creation
and negotiation of meaning in society. [Craig 2000]

Negotiation of meaning is an internal-and-external process whereby people ascertain

what mental models their interlocutors impute to particular linguistic expressions.
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In negotiation of meaningegotiation, i.e., conversation, continues until each party has
concluded that the understanding they have constructed is comparable to the meaning that
others have reached, or they are exhausted. If not, they may continue exchanging
expressions with the intention of provoking their interlocutors to construct such a
substantially similar understanding. The expressions are an imperfect and incomplete
derivation of an author or speaker's state of mind, of which an idea is an inseparable part.
However, with sufficient feedback, ideas formulated by one person can be reconstructed
by others in the sense that they have ideas comprised of similar attributes (concepts and
relations among them). Negotiation results in imputing meaning to terms, and
disambiguating linguistic expressions, that is, creating or arriving at least one, but no

more than a small number of alternative meanings or senses for an expression.

Below (see: What is Reading?), a complement tomégstiation of meaningiew of
communication is described that conceptualizes the task of the reader-listener as
attempting to match and select cognitive models from among those already in mind, then
select those that best fit the text read or heard. Wittgenstein frames the negotiation aspect

of language agamesthough not necessarily for the purpose of constructing meaning.

Private knowledge vs. public knowledge

The basis of communication, sharing ideas for use, relies on the notion that people can,
with some certainty, know the thinking and meaning of oth€emone know the ideas

in another's mind?

Minds are private. Yet, ormanknow ideas in other people's minds. How? Resolving

this dilemma requires making a distinction between public and private knowledge:
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Understandings, including beliefs that restsbared meaninggre] a trait
that philosophers sometimes daliersubjectivity
[Mintzes 2000 43 (emphasis added)].

Aspects of one's private knowledge carekpressedo others, reconstructed by them,
that is,communicated In this process of communication or intersubjectivity, the writer-
speaker's expressed thought loses its status as private. Such thoughts becpuoigitheir

or intersubjectiveknowledge.

One aspect of the distinction between private and public knowledge is that a speaker-
writer can never express or communicateaspects of their ideas. Some elements of an
idea may remain subconscious, perhaps constructed from childhood experience (see:
Basicinventioand abstraahventiq below). Communication is always imperfect in that

it is incomplete.

Sensory-perceptual capacity limits communication

Much human communication is orally spoken or written. Quantitative limits to the
sensory-perceptual tasks people can perform must be acknowledged: Humans can read

or listen to a physical object faster than they can inscribe, copy, speak it, or perform it.

This bandwidth disparity itransmissiorcan influence&eommunicationpeopleassimilate

a text (for example) faster than they expressor produce it.

Some aspects of human perception and cognitive processing accommodate simultaneity.
Humans can perceive aural/verbal, visual, tactile, olfactory, even gustatory experience
simultaneously Speakers and performers can use multiple linear expressive forms

(voicesor melodic lines in music) simultaneously, such as voice and hand or facial

152



gestures. When one inscribes and speaks, one employs not only systems of words and
phrases, but also audible and visible gestures and inscribed stylistic forms (paper and
image quality, etc.):

. .. aninterpretation using voice and gesture to give the best possible

rendering in keeping with the literary genre and the author's intentions.
[Cavallo Chartier 1999 11]

Body language (gesture), inflection, and print format and style, among others, are

linguistic systems in their own right, from which reader-listeners derive meaning.

Nevertheless, all types of human expressing involve cognitive initiation, muscular action,
and movement of mass, whereas assimilating requires only perception and cognition.
Accomplishing movement of muscular and other physical mass consumes time. The
human act oéxpressingwhich includes physical component) is generally slower than

the act ofassimilating(cognitive only).

Loss of meaning inherent in communication and reception learning

Loss of meaning in communication can be attributed to several causes: (1) because
elocutiois derived frondispositiq linguistic expressions are only indirectly correlated
meaning, not contained it, (2) linguistic expressions always underspecify meaning,
because expressions can never completely specify all the concepts from which it derived
(see: Private knowledge vs. public knowledge, above), and (3) because experience is
unique to each individual, so meaning grounded in experience is unique to each

individual. These principles are explored further below (see: Implications of derivation).
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What are implications of the conduit metaphor to meaningful learning?

Human constructivists reject the view that knowledge is a product that can
be faithfully conveyedy teachers. [Mintzes 1998 49 (emphasis added)]

Writers periodically rediscover an important notion that Michael Reddy caltotiduit
metaphorfReddy 1993 168] (anticipated by Patrick Wilson [WilsonP 1979]). This
pervasivdogic, as he characterizes the conduit metaphor, imposes adverse consequences

upon virtually all users of language.

Conduit metaphorefers to use dinguistic expressionthat treatmentalobjects as if
they arephysicalobjects and thus can bansmittedfrom person to person, as vipige
(language) (Figure 11.35). Conduit metaphor implies that meanimggi$ext,in a word
or phrase, om a document. Thus all the reader-listener need extiactit, further

implying little or no constructive cognitive labor by the reader-listener.

For example, the expression, "That was a very good book, | got a lot out of it." implies

that meaning was literally the book rather than being constructed by the reader.

Conduit Metaphor

Meaning transmits from
mind to mind

Figure 11.35
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In such an expression, the learner's intellectual labor in interpreting the text is treated as
trivial and automatic. Communication is regarded as having occurred when the learner

has merelyeceivedthe expression, word, or term.

text, speech, or
other signal
conveyed

Intellectual
labor of writing

Intellectual labor t@onstruct
an understanding from reading )/

Author Learner
Constructivism

Meaning must be constructed by learner, as from engagement with a text

Figure 11.36

In contrast, Ausubel's theory of meaningful reception learning recognizes the

indispensable role of the learnergntalrealm in communication (Figure 11.37).

Novak regards meaningful learning, rooted in cognitive constructivism (Figure 11.36), as

standing in direct contrast to the conduit metaphor viewpoint:

Most education, Freire asserted (1970), assumes the person is an empty
vessel to be filled with information. This banking concept of education
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proceeds by rote memorization of material that has little or no relevance
nor meaning for the learner. [Novak 1998 33]

Mintzes, with whom Novak has authored two books based on Assimilation Theory,

reinforces the inadequacy of regarding language as a vessel for carrying meaning:

MIT's educational visionary Seymour Papert (1993, [The children's
machine: Rethinking school in the age of the computer] p. 104) observes:
‘The metaphor of learning by constructing one's own knowledge has great
rhetorical power against the image of knowledge transmitted through a
pipeline." [Mintzes 1998 347]

Reddy's ideas are substantially similar to the concerns that compelled Ausubel to offer a
defense of his expressiacquisition of knowledge.e., it should be interpreted as a
constructive effort of integrating new meanings with prior knowledge as opposed to a

mechanical taking.

Manifestations and adverse consequences of conduit metaphor effects

Reddy explores the adverse effects of the conduit metaphor, of discounting the cognitive
labor required to derive meaning from linguistic expressions. He suggests measures to

mitigate its effects:

In writing and speaking, people believe that thayor inserttheir
thoughtsanto words. [Reddy 1993 170]

Thus, ideas, meaning, daresidewords. [Reddy 1993 168]

If meaning isn words, then words have insides and outsides,
[Reddy 1993 168]

Words and expressions are thereforatainersof ideas, of meaning.
[Reddy 1993 170]
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As words (containers) are conveyed from person to personganey
ideas, meaning. [Reddy 1993 170]

Words, as containeripw through a conduit, known éenguage from
person to person. Language is a conduit. [Reddy 1993 170]

During transit between people, words, as containers of meaning, are
outsideof people, and therefadeascan also beutsideof people.
[Reddy 1993 170]

Meaningscan be acquired by acquiring objects outside people, rather than
constructed intellectually

And since ideas afie words, and words exist in the physical world, and
since ideas can existutsideof people, ideas are thus susceptible to
operations in the physical world, e.g., storage, retrieval, processing,
management. Thudata processingpecomeg&nowledge management

Communications transmissiorof (a physical manifestation of a) text,
rather than construction of an understanding. [Reddy 1993 170]

In listening or reading, peopéxtractmeaning from the words.
[Reddy 1993 168, 170]

Meaning can beeceivedfrom someone else, in contrast to having to be
constructed by the listener-reader. [Reddy 1993 170]

Receiving meaning from someone requires transmission of texts, but is
otherwise labor-free, automatic, passive [Reddy 1993 175]

Therefore, if anything goes wrong in becoming informed, it must be the
reader/listener's fault or incompetence. [Reddy 1993 168]

Or, if the text was "impenetrable," and thus the meaning could not be
extracted, it's the writer's fault. [Reddy 1993 168]

People extract meaning from words easily, "success without effort.”
Learning is passive, effortless. [Reddy 1993 174]

Therefore, receiving or possessiugrdsis virtually equivalent to
possessing themeaning Havinginformation isknowing
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Thus, if onehasa book or document, one possesses the knowledge it
contains.Having documentis having knowledge[Reddy 1993 187]

Large "amounts" of knowledge reside in books, databases, and libraries.
And if one has a large library of books, one has a correspondingly large
storehouse of knowledge. [Reddy 1993 187]

If one is responsible for managing books, databases, or libraries, one is a
gatekeeper of knowledge.

And, the most incorrigible detrimental attribute of conduit metaphor effect:

Conduit metaphor is difficult to overcome even if one is cognizant of it. It
is embedded in our language and thus, in our minds.
[Reddy 1993 176, 181]

Lakoff and Johnson, echo Reddy's warnings:

Communication theories based on the conduit metaphor turn from the
pathetic to the evil when they are applied indiscriminately on a large scale,
say, in government surveillance or computerized files. . .. When a society
lives by the conduit metaphor on a large scale, misunderstanding,
persecution, and much worse are the likely products.

[Lakoff Johnson 1980 232]

Assimilation theory is grounded in cognitive constructivism, which holds that the
intellectual labor of communication, of constructing meaning, is distinct from
transmission of objects in the physical world. Juxtaposed to the primary principle of
cognitive constructivism, the conflict with the conduit metaphor is bright and harsh:
individual cognitive labor is ignored or taken for granted, resulting in emphasis on
objects available in the physical world, technology, transmission, systems, all displacing
attention to the cognitive functions of learning. What's more, even armed with deliberate
conscious effort to avoid the conduit metaphor trap, one soon falls prey to its seductive

ready-made expressions for describing intersubjective phenomena. What to do?
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Mitigation of conduit metaphor effect: communications reference

models

Recognizing the value in resisting the conduit metaphor's allure, Reddy suggests that a
communications reference model is necessary to help theorists and everyday practitioners
of language recognize conduit metaphor when it arises. He first offers suggestions for

disambiguation of word senses for terms that evoke both physical and mental objects.

Reddy then provides [Reddy 1993 171] a model, his Toolmaker's Paradigm, actually, a
story in which identical writings are passed to different recipients who construct different
understandings. The intent of the Toolmaker's story is to remind us that, because
different people construct different meanings from a text, meaning is constructed by the
reader rather than embedded within linguistic expressions awaiting some type of mining

operation.

While Toolmaker's Paradigm perhaps serves its purpose in providing the reader of
Reddy's article with a prop for recalling the essential nature of the construction of
meaning, it is awkward when used as a generalized theoretical tool. Specifically, it does
not differentiate conceptual objects, linguistic objects, and physical objects, and operates

merely through retelling the story.

Fortunately, a better communications reference model for cognitive analysis is available

to us: the ancient Five Divisions of Rhetoric (Figure 11.38).
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Exercises

1. Identify in the excerpt, instance of conduit metaphor error:

In a system designed for providing information retrieval [as differentiated
from data retrieval], other metrics, besides time and space, are also of
interest. In fact, since the user query request is inherently vague, the
retrieved documents are not exact answers and have to be ranked
according to their relevance to the query. Such relevance ranking
introduces a component which is not present in the data retrieval systems
and which plays a central role in information retrieval. Thus, information
retrieval systems require the evaluation of how precise is the answer set.
This type of evaluation is referred toratrieval performance evaluation
[Baeza-Yates Ribeiro-Neto 1999 73]

2. Attempt to rewrite the passage avoiding conduit metaphor error.
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The Five Divisions of Rhetoric; a communications reference model

Assimilation Theory is concerned, in part, with the teacher's intermediation of the
learner's engagement with instructional materials. Thus, distinctions between
instructional materials, which inhabit the physical world, and objects within the learner's
mental realm, must be clear. While some differences are immediately obvious, there is
little doubt, as Reddy shows, that objects of one realm are too frequently mistaken for
objects of the others. How may these distinctions be reinforced in our theory and practice

to avoid continued confusion?

Three hundred and fifty years before Christ was born, Plato's student, Aristotle,
articulated distinctions between concepts, structures of concepts, linguistic expressions,
and physical performances of expressions irRhistoric[Aristotle Rhetorid, whose

purpose was giving force to truthn the first century B.C., Cicerd®e Oratore[Cicero

De Oratorg applied these distinctions to lending persuasive force to the speaker. Two
hundred years later, this communications reference model was expressed in its classic
form as the Five Divisions of Rhetoric (divisions of labor) by the teacher Quintilian, in

De Institutione Oratoria[Quintilian Institutiones oratoriag[Clark 1957] (Table 11.1).

Rhetoric is popularly regarded as the art of persuasion or communication. However, the

ancient rhetoric is drawn upon here as an instrument for cognitive analysis.

The Five Divisions of Rhetoric serve as a communications reference model applied to
cognitive analysis that (1) provides distinctions between ideas, structured clusters of
ideas, linguistic terms expressing those clusters, and physically transmittable forms of

linguistic expressions, and (2) bridges the intellectual and physical domains:
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inventio

dispositio

elocutio

memoria

pronuntiatio

Five Divisions of Rhetoric

Invention of concepts ("arguments” or ideas)

Arrangement of concepts and relations among them; concept
structures, sequence of ideas (as for presentation);

\v

Linguistic expression, (term selection). To express; to clothe thg
arranged concepts with languagera@aderideas using a linguistic
system. Language isspecificationfor associating meaning with
physical objects, e.g., printed characters or audible sounds.

Recall and mastery of subject matter for oratory and private
thinking.

(7]

Delivery or transmission of physical productions or performance
derived from the specifications of the linguistic expression.

Table 11.1

The Divisions of Rhetoric terminology will be used with the aims of distinguishing
concepts, words, and physical objects, and of committing fewer conduit metaphor
violations -- mistaking linguistic expressions for ideas. Most of all, by forcing
distinctions among intellectual and physical objects, adoption of this model takes first
steps toward counteracting the frequent blurring of these distinct objects (processes) into

the familiar, amorphoumformation

As originally conceived, the Divisions of Rhetoric were processes used by orators to
prepare for and perform public speech. In this essay, the Divisions, when referred to in
the process sense, are taggedi@sionas-process Without theas-processuffix,

Division names refer to thabjectsproducedby the specified Division process, whether

of the physical realm or the mental.

164



Properties of objects of each Division of Rhetoric

I nventio

In our schools and colleges today we need more of the traditionesftio

in our own teaching of oral and written composition. Practice in the use of
status and of the places of argument can be as fruitful now as in the past.
Our students deserve more training in the preparation of their themes.
[Clark 1957 79]

Inventioas-process refers to the invention of concepts, that is, intellectual objects often
called ideas, claims, themes, facts, beliefs, conclusions, and propositions, or arguments.
The ancients characterizat/entio(as object) as "the arguments themselves" (see:

[CiceroDe Invention and are thus objects of the intellectual or mental realm.

Clark [Clark 1957], describes the process of marshailimgntioas marshalling
arguments and facts, determining main characters and issues (in a judicial context),
answering the where, what, when, how, and why questions. These also encompass

emotional concepts.

Conceptsinventiq are intellectual objects comprised of attributes and relations among

them (see:Dispositig.

Basicinventio and abstractinventio

Lakoff partitionsinventiointo basicconcepts, which arise from sensory experience, and
abstractconcepts, constructed from mental processes that project basic concepts onto

abstract ideas to form new abstractions [Lakoff 1993 239].
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How does that work? Early on, infants experience situations where, for example, a
desired object is beyond reach or is too heavy to lift. From these motor and sensory
experiences, the infant develops Hasicconcepts oflistanceandweight among many

others. Later in life, these basic concepts and the linguistic terms used to express them
are also used to describe abstract ideas for which the learner has no other mental models,
no other linguistic terms. In this example, the ideadisthnceandweightand the terms
expressing them are projected (i.e., metaphorically) aostractconcepts, e.g., "That
advanced calculus classwsy overmy head," or "Refinancing the house lifted a great

burdenfrom my shoulders."

Philosophy . . . turns out to be very different from what we thought before.
Instead of being the activity of pure reason, it is the activity of an
embodied reasonlt operates through the cognitive unconscious and thus
makes use of all thenaginativeresources of the cognitive unconscious.

It is grounded in and constrained $tyucturesthat depend on the nature

of our bodies and the environments we live in.

[Lakoff Johnson 1999 540]

Our conceptual system is grounded in, neurally makes use of, and is
crucially shaped by, our perceptual and motor systems.

Conceptualization Only Through the Body: We can only form concepts
through the body. Therefore, every understanding that we can have of the
world, ourselves, and others can only be framed in terms of concepts
shaped by our bodies.

Basic-level concepts: These concepts use our perceptual, imaging, and
motor systems to characterize our optimal functioning in everyday life.

[Abstract reason:] Primary metaphor is the activation of those neural
connections, allowing sensorimotor inference to structure the
conceptualization of subjective experience and judgments.

Abstract reason: By allowing us poojectbeyond our basic-level
experience, conceptual metaphor makes possible science, philosophy, and
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all other forms of abstract theoretical reasoning.
[Lakoff Johnson 1999 556-557]

Consider the abstract idea,

the higheror more senior an employee is in an organization,

themorepower they have

This abstract concept is built upon the metaphor:

more is up

which arises from aasicconcept formulated early childhood experiences such as

observing that whemorewater is put into a glass, the water level gogs

Because all our cognitive structure is influenced by our sensory experience, avoiding

abstract concepts derived from basic concepts, e.g., metaphor, is virtually impossible.

Convention has regarded metaphor as a figuspe¢éch Contemporary metaphor theory
regards metaphor as the relating or projecting ofiaventioupon another, as distinct
from the use of onelocutiofor another. The projection iscagnitiveevent (see:
Metaphor is a figure of thought, not a figure of language, belownetaphoric

expressions the linguistic expression describing the cognitive event of metaphor.

Assimilation Theory acknowledges that human thinking derives, in part, from human

sensory capacity:

[Hlumans beings thinkeel and act. [Novak 1998 12]

Novak draws upon Lakoff's ideas about metaphor [Novak 1998 164], acknowledging the

experiential bases of abstract concepts:
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[P]rimary abstractions derive directly from experience with concrete
objects or events. [Novak 1998 127]

Although Ausubel does not explicate the distinction between basic and ailvsteatio
Novak's description of the process of abstraction as deriving from concrete events is
sufficiently similar to conclude that the production of abstract concepts from basic

concepts is consonant with the process operations described by Assimilation Theory.

Basicinventio and epistemological individualism

The notion that abstract thought arises from sensory experience also reinforces the
epistemological position of individualism. Sensory experience, weight, heat, distance,

etc., argpersonalexperiences, and thus grersonalconcepts.

Basicinventio and categories

Each single instance ofventiomay be regarded as a criterion faradegory (Please

see Howdispositioexplains contemporary category theory, below.)
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Dispositio

Dispositioandinventioare two names for the ideaadncept The difference is that
dispositiois a fine-grain resolution, or zoom-inioventioFigure 11.39(b). Dispositio
reveals the internal structureiafentiq i.e., component concepts and relations among

them, much as an x-ray might reveal the inner structure of an egg as if it had no shell.

@
Conceptparentasinventio
manifested as linguistic term, but little else

sexual  caregiver/

role provider
role
label label
label i : label
(Englishy (9IS (English) (English)

(b)
Conceptparentasdispositio
manifested as related concepts, relations among concepts,
and linguistic term p-a-r-e-n-t

Figure 11.39 (a) and (b)
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A mental spacedispositid consists oklement@andrelationsactivated
simultaneously as a single integrated unit.
[Fauconnier Turner 2002 104 (emphasis added)]

Inventiq in contrast, is a unitary view of a concept, usually having a label or linguistic

term as one of its properties (Figure 11.39(a)).

Dispositio reveals the relations among componemnhventio

The way to understand anything is to understand how it is related to other
things [Lamb 1999 53]

Clark summarizes the ancients' intentionsglispositia

When Cicero irDe Oratorestated that after finding out what he should
say, the speaker should next "dispose and arrange what we have found, not

only in an orderly way, but with a certain weight and judgment.” . . . There
remain many problems of sequence: problems. .. growing out of the
strategy involved in marshaling arguments . .. [Clark 1957 79]

Dispositicas-process is the arranging or coordinating of concepts, and thus requires
recognizing relationshipamong concepts. The resulting compositigpositiq that is,

the arrangement of instancesmfentioand the structure among them:

Dispositicas-object is

(attribute concepts) + relations among them + referenetwitio(label or name)

Properties of relationships, according to Assimilation Theory, can be comprised of one or

more relations. Further, Assimilation Theory holds that:

relations among concepdse meaning:
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Meaningful learning requires. . that the material they learn be
potentially meaningful to them, nametglatableto their particular
structures of knowledge ... (Ausubel, 1961a)

[ARK 68 (emphasis added)]

Inventiq i.e., concepts that are not yet related to other concepts, angotahtially
meaningful and do not become meaningful until related to the learner's prior knowledge,

dispositio(see: Material presented to learner is gudtentiallymeaningful, 11.1).

What relations may obtain among arguments? Nearlynaeyntiocan act as a relation
among othemventia The domain oinventiothat may act as a relation type is nearly as

large as language itself. Examples of frequently encountered relations include:

identity (is) purpose (A used for B)
simile (is like) step-goal

guestion - explanation member-class, type of,
evokes has attribute in common with
comparison with, contrasts to hierarchic, includes,

cause and effect included by

1-to-1, 1-many, many-to-many, reason

part-to-whole, part-part etc.

These, of course, barely scratch the surface of the domain of possible relation types.

Dispositiois comprised of componeimventioand ofstructure The constructive

purpose of any structure is to bind (even separation is a type of binding to a relative
position). Structures are susceptible to intellectual processes as described in Assimilation
Theory. Among these tsansfer, and its underlying mechanisms, isomorphic mapping

and isomorphic projection (below). The results of these processes are new relations, new
structure, that is;onstruction of new meaning hus, the Divisions of Rhetoric reference

model is helpful in amplifying concepts of Assimilation Theory.
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How dispositio explains contemporary category theory

Instances oinventioare categories. lmventioform, the concept is a unified object.
The ideachair is the idea of a chair. The ide®theris the idea of a mother. In
dispositioform, however, one can see that these concepts are composites, composed of

other componerihventioand structure among those component concepts.

Each componenhventioof adispositiomay define a category

of which thatdispositiois a member

For example, dispositiq volcanqg may have, as one of its constitugmventiq the idea

of spewing forth hot materialThus,spewing forth hot materiahay define a category of
whichvolcanois the prototypical instance. However, some volcanoes might not spew
lava. Thusspewinghot stuff is not a necessary and sufficient attribute to define
volcanoes. Conversely, a person who has a reputation for becoming angry might achieve
membership in the category gfiewing forth hot materiand thus be referred to as

someone with a volcanic personality.

Any particular instance of thaventiq e.g., aspecificchair, aspecificmother, is unlikely
to possesall the component properties] the component conceptd| the structure of
theinventioform. A specific chair might not have the component concelpgsbut be
built into a wall. A specific mother might not possess the component condepting
given birth but be an adoptive mother. Though dmpositioforms of a specific
instance of chair or mother are not identical matches to the gempasitioform, both
general and specific utilize the sameentioform. Thus adoptive mothers are
understood to be members of the categoogher and seats on a bus are regarded as

instances o€hair.
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Categorization works because a person's mental process of categorization may be based
upon as little as a single componemnentio(Figure 11.40). For example, an individual

may be regarded asothereven though she does not possess all the attributes of the
dispositia, but only one, e.g., nurturing. A woman might have a care-giving relation to a
child, but not be the wife of the father or the birth mother. That is, she might be a

stepmother, and thuspaother(inventio.

Mother,asinventio

Mother, asdispositio

linguistic
terms

function function familial

relationship

recipient  recipient

Figure 11.40
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The two views of conceptsjventioas a unitary view andispositioas revealing the
structure within a concept, align with research on categories and prototype theory

[Rosch 1981], and family resemblances [Wittgenstein 1958], [Rosch 1975].

Species oDispositio: ldealized cognitive models

Dispositiois described by various names in various contexts. These vieligpositio

are of interest because the contexts often are associated with particular mental processes.

Idealized cognitive models (ICMs) [Lakoff 1987 68 ff.] are formslispositiooften
found in the role Assimilation Theory describesaperordinate learningpecause they
provide structure needed to organize other concepts through isomorphic mapping and

isomorphic projection (see: Isomorphic mapping and isomorphic projection, below):

[Clonceptual structure is indicated by Idealized Cognitive Models (ICMs)
and frames, which structure the mental spaces. [Fauconnier 1994 x]

Probably the best way to provide an idea of what ICMs [idealized

cognitive models] are and how they work in categorization is to go

through examples. Let us begin with Fillmore's conceptficfrae Take

the English wordl'uesday Tuesday can be defined only relative to an
idealized model that includes the natural cycle defined by the movement

of the sun, the standard means of characterizing the end of one day and the
beginning of the next, and a larger seven-day calendric cycle -- the week.

In the idealized model, the week is a whole with seven parts organized in a
linear sequence; each part is called a day, and the third is Tuesday. . . . Our
model of a week is idealized. Seven-day weeks do not exist objectively in
nature. They are created by human beings. [Lakoff 1987 68-69]

As an example of dispositioapplied as an ICM, considerace, that is a contest that

has winner(s) and losers, requires labor, can result in rewards, etc. This ICMafas

a model of a&ontest may be projected onto another daily experience such as completing
a job assignment. Where a person appliesabelCM, consciously or subconsciously,
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they may be found to be competing with or racing the clock, competing or racing with a
competitor, or competing with or racing with themselves, that is, with a hypothesized
alter ego. Recognition of thrace ICM might be important where one is attempting to

understand the individual's behavior, e.g., why they work long hours or skips lunches.

In similar cases however, th@ce ICM, alone, might not be explanatory of such

behavior. AdifferentiCM, that of head-of-household-as-provider contributes to an
explanation such behavior. These two ICMs have different goals, amanisg the

other isprovidingfor household purposes. Possibly, the individual is under the influence

of both ICMs simultaneously.

Members of a community likely hold many of the same ICMs in common. Indeed, the
ideas members of a community hold are a defining property of a community. For

example those in Western developed nations generally have an ICM of the human body

as a machine, of physicians as mechanics, and thus, that physicians can fix bodies that are

ill or injured, and restore them to health. This ICM is referred to as "western medicine."

An exposition of idealized cognitive models is found below (Macro isomorphic

operations: ldealized cognitive models).
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Species oDispositio: Frames

[[lmaginative structures have been caliemimesor schemas. . .
Frames are special casesd#alized cognitive models
[Lakoff 1988 135-136 (emphasis added)]

Frames, another expressiondigpositiq bind together properties into a structure.

Marvin Minsky, originator of the idea of frames, defines a frame:

A frame is a data structure for representing a stereotyped situation, like
being in a certain kind of living room, or going to a child's birthday party.
Attached to each frame are several kinds of information. Some of this
information is about how to use the frame. Some is about what one can
expect to happen next. Some is about what to do if these expectations are
not confirmed. ... We can think of a frame as a network of nodes and
relations. [Minsky 1974]

Frames are often a sequential or tabular forisgositiowhere one-to-one relations are
conceived as lists or columns of attributes. For example,d@pasitiodescribing a

process, such agldition, frames may comprise begin states, operation, and end states:

Frame: addition
Objects: (positive or negative) number
Beginning condition: begin at 0
Operation:
apply positive values in positivdirection on number line
apply negative value in negatideectionon number line
Ending condition: Sum i®cationon number line following last
operation.

End of Frame
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For example, a frame for the addition of 2 + 3 = 5:

Frame: addition of 2 and 3:

Objects: +2, +3

Beginning condition: begin at 0

Operation:
Move positive direction from 0, 2 units, arrive at 2.
Move positive direction from 2, 3 units, arrive at 5.

Ending condition: 5

End of Frame

This frame can be interpreted as relying upon andalispositiq humerical accumulation

astraversal along a pathan image-schema in the form of@amber line

Theinventio,addition, and itsdispositioform may, of course, be expressed also as
concept maps (Figure 11.41 (a) and (b)), as can the particular instance,

[2 + 3 =5] (Figure 11.41(c)).

The same framaddition, as a cognitive structurdispositiQ may be evoked by various

linguistic expressionglocutia

(@ 2+3=5
(b) 3+2=5
(c) Add 2 and 3

(d) Jane had two lollipops. Her mother bought her three more. If Jane
did not eat any of her lollipops, how many did she have?

177



Addition

@
TheinventioAddition

Begin with
0

next step

Count from
prior value the
number of units
in current term

Ascertain
value of next
term

Value at the
conclusion of
counting is the
subtotal

next
step

yes

No

Sum is
most recent
subtotal

(b)
Dispositio(concepts and relations) for the
inventioAddition

Figure 11.41 (a) and (b)
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Begin with
0

next step

next
step

(c)
An instance of Addition
2+3=5

Figure 11.7(c)

Species oDispositio: Image schema

Image schemas are basic concegitgyositiq derived from sensory visual experience.

They are often applied as superordinate organizing ideas adbjpositio

For example the image schetnavel along a patharises from a human's sensory
experience of walking toward a destination, and comprises properties of sequential step-
taking (step-taking is cumulative, is linear) toward a destination (the sum) onto the
structure of addition.Travel along a pathas image schenthspositiq underlies

surprisingly many of our abstract thoughts, e.g., working toward a goal, a step in the right
direction, looking forward to the end of the task, getting side-tracked are all ideas

organized by, or projects of, thavel along a patimage scheme.

Recognition of image schendéspositiocan be useful to a learner where they do not
understand a particular fact pattern. For example, a young learner confused about the

arithmetic concept of addition, say 2 + 3, could be shown a number line, which is a
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projection of the image schema of a path, then beginning from zero, counting two units to

the right, arriving at "2," then counting three more units to the right, arriving at "5."

The image-schema structure of the source domarojectedonto the
target domain in a way that is consistent with inherent target domain
structure. [Lakoff 1993 245]

Similarly, that travel along a patimage schema can be used to show a learner tasked
with adding 2 + 3 does not need to ascertain the color of the objects being added because
that task isnot on the patho adding 2 and 3, and thus, to ascertain the color of those

objects is to beconmsde-tracked

Some schemdispositiodescribe processes and thus includeradpoint (Part 11.1).

Other species oflispositio. Aside from ICMs, image schema, and frames, there are
many other names and formsdipositiq such as semantic networks, webs, nodes-and-
links, plots, memes, superordinate ideas, maps, etc. Piaget described cognitive structures,

such as fopercentageasschemaor schemata

Assimilation . . . by incorporating new elements into its eastitbemata
the intelligence constantly modifies the latter in order to adjust them to
new elements [Piaget 1963 6-7 (emphasis added)].
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Intervention

Idealized cognitive models and other superordinate forrdgspbsitioare important in

the intervention performed by a teacher for a learner having difficulty comprehending a
particular idea. Provision of an appropriate model that the learner can project onto the
subject matter with which the learner is struggling, can facilitate the student's

construction of intended meanings. For example,

[T]o help students understand Ohm's law, an instructor might invite the
student to envision a water-flow system in which the water pipes
correspond to metal wires, water pumps correspond to batteries, and
narrow pipes correspond to resistors; within the water-flow system, the

rate of water flow corresponds to electrical current, the narrowness of the
pipe corresponds to resistance, and water pressure corresponds to voltage.
[Mayer 1993 568]

Misapplication ofdispositioor use of the wrondispositiocan result in the learner's

misunderstanding:

Students hold a model of mixing light that is quite similar to the mixing of
paint. [Mintzes 2000 270]

Research on mental models demonstrates that the metaphor students use
for understanding a scientific formula influences how they go about
solving problems. . ..

It follows that if we want students to understand quantitative descriptions
such as formulas they must first construct qualitative models of the
underlying explanatory mechanisms. [Mayer 1993 567-568]

Therefore, as superordinate IGNspositioobjects project onto a learner's prior
knowledge, the learner, teacher, or both must evaluate whether the concepts learned meet

criteria based on their alignment with other fundamental ideas within the subject area.
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Dispositio attributes: belief, trust, truth

[R]esearch done by others determines most of what anybwlieses
[Booth Colomb Williams 1995 6]

A concept (viewed adispositi may be associated with various componewntiq

such as a linguistic term, label, or name. Figure 11.40 shows that ideas, viewed as
dispositiq are comprised of other concepts, including basic concepts connected to
memory, relations among them, and labels or terms associated wdtisgbsitiocluster

(e.g., the ternrmotherfor the cluster of ideas and relations that comprise the concept of a

mothej.

Another frequently encountered attribute of concepts is an imputed attrithegkedf

trust, or even the concept-aste (Figure 11.42).

A later section, What is critical thinking?, describes processes by which these attributes

are imputed talispositio

182



Mother, asdispositio
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terms

function .
function familial
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to give
birth
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imputed to be imputed to be
imputed to be not believed trustedas if true
true warranted by warranted by
warranted by documentary indoctrination
experience evidence during childhood

\

Jane's adoptive mother

Figure 11.42
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Exercises

1. An exercise from Learning and Cognition in Education at Indiana:

Learning activity 5.1: Scrambled schemataldentify at least three
instructional problems or "failures" you have encountered that you think
could be, at least in part, schema or mental model problems. By that |
mean that the problem can be framed as learners lacking (or failing to use)
appropriate schemata or mental models. For each problem you identify,
suggest strategies in accordance with schema/mental models theory that
might have resulted in a more successful outcome.

[Perry P540]

2. Occasionally, people act irrationally. In some cases, however, their behavior,
presumed irrational by the observer is, in fact rational, but relative to a different
superordinate idea than held by the observer. The familiar story of the derelict on the
street corner provides a simple illustration. Late one night, he was confronted by a police
office an interrogated as to what he was doing. "l dropped a quarter about halfway down
the block." he explained. The police officer, imputing irrational behavior to the derelict,
inquired, "If you dropped the coin halfway down the block, why are you searching for it
here?" The derelict responded that the light was better under the street lamp. He was
operating under a valid ICM, "to search for an object, one needs adequate light or visual
instruments.” The office imputed irrational behavior because he assumed a different ICM

was operative, "search for a item where it was most likely lost."

Select one of the three expressions that have been interpreted as irrational behavior and
construct alispositiQ no matter how fantastic or counterfactual, where the concept

cluster would seem rational:
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A student committed suicide.

Research into fusion energy production over the last 25 years has cost over
a billion dollars, yet design of a practical machine still has not been
achieved. Investment in fusion energy continues.

The United States invaded Iraq following the events of 9/11 even though
Iraq was not involved in the attack.

3. Construct a concept map expressive of the arguments presented in the judgment of the
Court of Appeals for the Federal Circuitifizerv. Ranbaxy
(http://www.fedcir.gov/opinions/06-1179.pdf). Depict the concepts or others as you

deem appropriate and indicate (examples below) the relations among them:

The United States Patent and Trademark Office ("PTQO") agreed that this
compound was within the scope of the '893 patent and extended the patent
term to September 24, 2009

The District Court found both patents were infringed, not invalid and not
unenforceable.

Ranbaxy contends that structural formula is limited to racemates, because:
(1) one skilled in the art would represent a racemate by depicting one of its

Pfizer's and Ranbaxy's arguments conflict. The task of the appeals court is to project
superordinate concepts onto a fact pattern to organize them into a conceptual structure
that is consonant with law and precedent. The Court did so in the case of the '893 patent.

Task: Identify the fact patterns (cases) and depict their conceptual structure, as source
dispositiq that the Federal Circuit use to affirm. The concept map constructed from the
fact pattern above, i.e., Pfizer v. Ranbaxy is the tatigpbsitio

Depict the isomorphic projection of the superordinate concept(s) from the source onto the
target to show how the Court arrived at its determination.
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Elocutio

Crassus, ifDe oratore states that the third task of a speaker is "to clothe

and adorn his matter with language." [Clark 1957 83]
Elocutig that is, language, pertains to any system fosggrificationof meanings
(semantic) and (Xpecificationof perceptible physical objects (e.g., graphic and phonic)

for provoking given meanings. Each may be used to derive the other.

Elocutio-as-process refers to the task of selecting linguistic terms that eg@essitio

Elocutio-as-object is a two-paspecificationfor correlating intellectual objects

(meaning) with perceptible physical objects, e.g., graphic or audible objects:

Elocutio (semantic) is apecificationfor evokingmeaning(inventiq

dispositiq.

Elocutio (percept, e.g., graphic or phonic) is a specificatiompfoducing
sensory-susceptible objects, e.g. marks on paper, audible sdtlodstio

is thespecification not the physical object itself.

In this essayelocutiorefers toelocuticas-object unlesslocutio-as-process is explicitly

indicated.

Crassus' description efocutio(above) also includestyle (adornment). Although style
contributes to the evocation or specification of meaning and thus deserves consideration,
inclusion of style is beyond the scope of this report. Future research may take this aspect

of elocutiointo better account.

What are the properties efocutid?
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Elocutio (semantic) is comprised of several kindspécification
definition and senses, how it interacts with other words, part of speech,

usage, synonyms and antonyms, and etymology and root.

Elocutio (percept, i.e., graphic or phonic) is similarly comprised of several

kinds of specification: for spelling, syllabification, pronunciation, etc.

For example, thelocutio(linguistic term)elephant may be comprised of:

elocutio (semantic):

a definition, such as "a large four-legged mammal with a trunk."

a part of speech: noun, denoting an object rather than an action or
modifier

interaction with otheelocutia
adjectives: big, gray, heavy
nouns: trunk, zoo, jungle

etc.

And,

elocutio (percept, e.g., graphic or phonic):
aspeling ELEPHANT
a syllabification: el - e - phant
a pronunciation: elo fant
an illustration of an elephant
etc.

Elocutio (specification) forelephant
Figure 11.43

Language is therefordistinct frommeaning. Language is onlyspecificationfor
invoking meaning. Meaning onfinedto the intellectual realm, whereas language

reaches into both the physical realm and the mental realm, and is thus, distinct.

Language and meaning, thatefcutioanddispositio-inventipeach may be used in

derivation of the otherElocutio specifieddispositiothat a reader-listener is to evoke.
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Fromdispositiq a writer-speaker derivedocutig that is, selects terms to express

meaning.

Elocutio (percept, e.g., graphic or phonadneg such as a spelling (a specification of a
character string) or a specification for pronunciatadrsenthe semantic component of
elocutiq isnota word. Treatment of a character string as if it wesem, as if it

possesses all the properties of a specified word, but absent semantic specifications, is a

common error.

Elocutiois not confined to so-called natural languages, but applies to any system of
signifying meaning. Other linguistic systems, in this sense, may include various dialects
of music (notated or not), mathematics, and nearly any cultural activity. Indeed, visual
gestures (body language) comprise specifications for both meaning and physical

performance:

.. . the raised eyebrow of the actor that may illustrate the whole situation
in the state of Denmark . .. [Turbayne 1970 13]

Elocutiois an imperfect and indirect mechanism for provoking others to construct
particular understandings. Facets of the relationship beteleeatioanddispositio

inventioare considered below (seElocutio=> dispositiq below).

Elocutig that isterms encompass words, phrases, sentences, and entire texts. Issues
relating to how meaning derived from words leads to meaning derived from phrases,

sentences, or entire texts are in the domains of linguistics and literary criticism:

As we have seen, words and the patterns into which words fit are triggers
to the imagination. They are prompts we use to try to get one another to
call up some of what we know and to work on it creatively to arrive at a
meaning.
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Words by themselves give very little information about the meaning they
prompt us to construct. [Fauconnier Turner 2002 146]

Elocutio provides for expressing conceptual objects in tangible forms for transmission.

For example, a teacher may wish to instruct students about the idea of the distributive
property of multiplication. She may express the concept as an equation, that is an
expression in a mathematical language (algebtagutia Elocutioprovides a

specification for how the mathematical expressions may be performed in tangible form,

resulting in the character string:

ab + ac = a(b+c)

Theelocutiocharacters "a," "b," "c," "+," and "=" are specifications from which are

derivedpronuntiatiq i.e., the shapes of "a," "b," "c," "+," and "=" that appear on the

page.

The linguistic concept of the letter "a" is an idea, a specification for how the graphical
expression of an "a" should appear and a specification for a mathematical variable. The
semanticiqiventig value of the expression ab + ac = a(b+c) suggests the cognitive

relation that "ab + ac" may be interchangeable with and substitutable for "a(b+c)."
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Unique property of language,elocutio: it reaches into both mental and

physical realms
Of all the Divisions of Rhetoriglocutiois unique:
elocutioreaches into both intellectual and tangible realms.

It specifies both derivation of sensory-susceptible objects (printed inscriptions, oral
performances) from meaning, and for derivation (evocation) of meaning (semantic) from
perceptible, e.g., graphic or phonic specification. Thus, the function of language is

twofold:

The conceptual function of language

to bridge the gap between ongientalrealm and

the world ofphysicaltransmission of objects among people

Elocutioaccomplishes this function by manifesting pairings betweespbefications

for inscribed or phonic objects and semantic objent&(tiq dispositig.

Elocutio (semantic) can speciBlocutio(percept, e.g., graphic or phonic)

and

Elocutio (percept, e.g., graphic or phonic) can speeifcutio(semantic)

Assimilation Theory follows this perspective with acknowledgement that

symbols . . . represent . . . concepts

Single words in any language, after all, are conventional or socially shared
symbols eachrepresentinga unitary object, situatiompncept or other
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symbol in thephysical social, anddeationalworlds.
[ARK 80 (emphasis added)]

although the termexpressandderived frombetter align with constructivist perspective

thanrepresenting

Other Divisions of Rhetoric may be categorized as inhabiting either the physical or
intellectual (mental) realmesxclusively Figure 11.44 shows, foremost, that the
conceptual function célocutiq language, is to reach inb@thworlds, mental and

physical, to provoke a receiving reader-listener to evoke a specified thought.

Intellectual Realm Physical Realm
inventio
dispositio
elocutio (semantic), e.g., definition  elocutio (graphic or phonic)
and senses, part of speech, usage, specifications, e.g., spelling,
synonyms and antonyms, syllabification, pronunciation,
etymology, root, term's relation to are used to depremuntiatio

other words such as polysemy,
synonymy, meronymy)

pronuntiatio

Figure 11.44

Conceptsinventiodispositiq exist only within the embodied mind. To communicate,

that is,to provoke anotheperson, a different embodied mind,evoke a specified

concepi that concept must be expressed in transmittable fmrom@ntiatio, received,
assimilated, and finally, interpreted through provocation of the recipient's perceptual and

conceptual apparatuses.
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Fixity

The word | forgot

Which once | wished to say

And voiceless thought

Returns to the shadow's chamber.
[Vygotsky 1934 final chapter]

One of the commonly-accepted differentiating characteristics of the tangible world over
the learner's mental realm is that objects in the so-called "real" world have stability that
derives from physicahaterial whereas thoughts, beliefs, or knowledge are fleeting,

mercurial, and ethereal.

Elocutio often performs a function that corresponds to the durability imputed to or

inherent inpronuntiatia fixity in memory. That is,
the act of associating a terglpcutiq with an idea, projects sorfigity to the idea.

By recognizing a relation between an idea and a term, e.g., word or phrase, the idea may
become fixed, more recallable, than if the learner is unable to establish an association
between the thought and the word. Greater fixity may lead to greater interaction with
other concepts in the learner's thinking. That is, the concept flourishes by having an

identity that includes a name or labacutia

For example, a learner may have a beginner's-level understanding of the effect of bank
deposits on the money supply. She may have a vague understanding that there is a
correspondence between increased deposits and increased money supply, and
accordingly, between decreased deposits and decreased money supply. She might even
know that deposits to banks are lent out to borrowers, and thus, both the whole amount of

the deposit and the portion lent out constitataey supply Intuitively she might be
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aware that some portion of deposits must be retained by a bank, but with little if any idea
why those funds are retained. However, having the ability to recaldbetio"reserve
requirement” may enable the learner to evokealitgositiocorresponding to the portion

of funds that cannot be lent, that their retention is mandatory not optional, and that the

agent administering this influence is a governmental one operating through regulations.

Thus, the learner's recollection of the teaserve requiremengotentially results in her
intellectually specifying (evoking) the conceptyentio of reserve requiremenand
subsequently its relations to her other knowledge about banking, money supply, and

economics.

Interaction betweealocutioandmemoriamight account for fixity.Memoriacapacity is
amplified when more relations to an adjoining concept are established. A relation to a
linguistic term increases the quantity of relations in the relationship and also the potential
for subsequent links that might aid the learner in re-evoking a concept upon encountering

an instance oflocutia

Otherelocutiobased procedural devices, such as rhyming, yield fixity and thus also aid

memory. Pronuntiatiocounterparts of fixity are considered below.

Pronuntiatio

Pronuntiatiois the performance in physical mediagtdcutia To the ancients,
pronuntiatio(pronuntiatioas-process) was the task of delivering one's speech in a

sensory-susceptible form, usually orally for aural reception or in written form for reading.
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Pronuntiaticas-object existenly in the physical realm. Becaugenuntiatioexistsonly
in the physical realm, andispositiQ meaning, exists only in the mental world,
pronuntiatioand ideas inhabit mutually exclusive domaiB$ocutiois the bridge

between them.

Cognitive constructivism does not acknowledge telepathy, and thus concepts can only be
communicated vialocutioandpronuntiatia Butpronuntiatiodoes notarry meaning:

it can only provoke a listener-reader's recognitioalotutiq from which one might

evoke a concept having structure that is substantially similar to the concept the speaker-
writer expressed. Becaupmnuntiatiodoes notarry meaning, a listener-reader-

learner's receipt gfronuntiatiodoes not constitute their having acquired, constructed, or
evoked meaning. Receipt pfonuntiatiois strictly a perceptual event to the listener-

reader, like grasping a frying pan, tasting an ice cream cone, or feeling a cool breeze.
Whether the listener-reader constructs meaning as a result of the provocation, receipt of
pronuntiatig may vary from learner to learner. Nor should the listener-reader-learner's
subsequent evocation of meaning be considered trivial. Ability to "see the writing on the
wall" does not refer to one's ability to recognize the letters, recognize words comprised of

letters, or recognize grammatical patterns, but to evoke meaning from them.

Pronuntiatiothus refers to any (physical) object, including electromagnetic waves,
specified by, i.e.gerivedfrom, elocutiq that may be conveyed, displayed, or otherwise
delivered in the physical realm, and, if necessary processed into a form (e.g., TV, radio,
digital data streams) for provoking a reader-listener's perceptual resources such that they
evokeinventicdispositio Somepronuntiatioare physical objects (e.g., sound from a

radio or light from pixels in a CRT device) derived from ofwenuntiatiq e.g..digital
encodings (requiring machine processing rather than directly human sensory-susceptible)

as from waves transmitted as electrical signals via airwaves or cable media.
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Pronuntiatiooccasionally assumes a role in a learner's construction of meaning. Readers
impute credibility to ideas expressed in a book or journal partly because its physical
appearance, for whatever reasons, implies credibility, a form of meaning. However,

pronuntiatiodoes not perform thienplying, the learner-listener-reader performs this task.

Another important function gironuntiatioaccrues on account of its durability, even if
briefly as with a radio signal. The physical durabilitypodnuntiatig in conjunction

with elocutio(graphic-phonic) inscriptions, accrues on account of its materiality, and
enables the production oécords To achieve production of a recordhranuntiatio
manifestation is indispensable. This fixity is the tangible counterpart to the learner's
elocutiobasednemoria For example, actors and musicians often use the repetition of
pronuntiatio(speaking, playing, acting) of a text to establish the muscular and other

sensory (e.g., auditory) elements of memory.

In summary, primary functions ascribedaimnuntiatioinclude material fixity,

recordation, and transmission.

An example ofpronuntiatio, differentiated from dispositio and elocutio

The analysis of thelocutio(term)elephantspecified above:

elocutio(graphic or phonic):
aspeling ELEPHANT
a syllabification: el - e - phant
a pronunciation: elo fant

From these specifications, a physical performapamuntiatiq of the term may be

produced, e.g., a spoken or printed word, or even a pictorial image may be produced.
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Pronuntiatioencompasses terms of all lengths and types, including paper-base objects,

images, sound and audible objects, and even tactile, gustatory, or olfactory objects.

Pronuntiatiooperates to provoke a reader-listener to evoke an idea. It is, of cmitrse,
the pronuntiatioobject itself that is the subject matter of the listener-reader's idea. That
is, a writer-speaker may express #hecutio"elephant” by physically writing or speaking
"elephant." Elocutio specifies a word, "elephant,” to the listener-reader. From this, the
listener-reader evokes his own spedificentiq that is, andeaof an elephant. He does

not, of course, evoke a real elephant.

Differentiating pronuntiatio from dispositio explains thegiving anomaly

Differentiating betweepronuntiatioanddispositioexplains a phenomenon that

bewilders researchers when conflating the Divisions of Rhetoric into "information™: The
non-standard sense of the verb "to give" appliggdauntiatioanddispositiodifferently

in the act of communication: a sender conyaysuntiatiq butretainstheir dispositia

When bundled into "information," there appears to be an anomaly of "giving information

but still having it."

Summary of pronuntiatio

Thus, the speaker's concept of elephant, #leautio(term) elephant, the written or
spoken object transmitted, the listener-reader's recognition of the term elephant, and the

listener-reader's constructed or evoked concept of elephant are all distinct different
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objects. Thus to say that theonuntiatioobjectcarries meaning is metaphoric at best,

simply incorrect at worst.

Memoria

Memorig memory, inhabits the mental realm as dogentiq dispositiq andelocutia
Memoriaas-process is the-evocation of basic and abstract concepts into

consciousness.

Memoriaas-object refers to the cognitive capacity to re-evoke concepts already

assimilated, learned.

Throughout this report, the terms prior knowledge and existing knowledge are used
(interchangeably) to refer toventioanddispositioc However, bothinventioand

dispositiq to be useful, must remain available cognitively, in the human body such that
they can be recalled. Withomtemoriaas-process, knowledge might evaporate

immediately. All knowledge created would be "new" and immediately evaporate.

Occasionally one may "remember"” that some idea or event or fact exists, but be unable to
recall it from memory. One "remembers it" but cannot "remember it." Obviously,

multiple linguistic senses @iemoryobtain. In this scenario, the object to be

remembered idispositiq comprised of multiple attributes, some of which can be

recalled, and some of which the learner is unable to recall, accounting for the dichotomy.
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Role of memory in Assimilation Theory

Memory is the feedstock upon which the engines of isomorphic mapping and isomorphic
projection (below) operate. Both rely upon memory as source (or tdiggjsitioto fill

in elements of a target (or source or neigpositic Because human thought relies upon
isomorphic projection and because isomorphic projection relies upon memory, no

abstract thought is possible without memory

To appreciate isomorphic projection’s fill-in function and the role memory plays in
providing the "fill material,” imagine human thought where each component of each
thought could not be recalled from memory but had to be constructed anew! Cognitive

overload would surely be immediate, and abstract thought would be impossible.

The frequently-encountered modern analogies of memory-as-computer-disk-storage and
memory-as-an-online-database disserve our understanding of human memory for several
reasons. First they imply that minds are computers or central processing units that
operate sequentially and algorithmically, and always give the same result to the same
input. The mind-as-a-computer metaphor also views other aspects of cognition as
peripheral devices connected to a CPU or some application program. Memory is thus
conceived as a peripheral device to a CPU or a database. Lakoff and others have refuted
the mind-is-a-computer metaphor by showing that minds are not symbolic processors, are
not step-by-step Von Neumann (one-step-at-a-time sequential processing) machines, and
do not always yield the same result to the same question. Indeed, minds are embodied
not just in the brain but the entire corpus: people do not just think, they think, feel, and
act, [Novak 1998 51] and thus memory of concepts is grounded in cognitive, emotional,

and motor activity.
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Differentiating recall and recognition
Ausubel differentiatesecall from recognition

Recall versus Recognition
A more typical everyday manifestation of the unretrievability of certain
memories, because of the selective operation of the threshold of
availability, is the familiar experience of being unableemall on demand
either an episodic memory or a proper noun that was learned as part of
instructional material, but at the same time being quite alvkEagnize it
when it is presented among a number of possible and plausible alternatives
(as in a multiple-choice examination). A credible explanatory hypothesis
here that was also considered above is that the threshold of availability for
the recall of a memory of given dissociability strength is generally
sufficiently higher for recall than for recognition as to make a functional
difference in ability to retrieve it. [ARK 120 (emphasis added)]

Recallis thus the learner's sheer abilityetmkeinventioor dispositio Recall is often

used as a synonym for memory.

Recall is never complete. One's conscious recognition or evocatimbdfdispositio's
conceptual components and relations is virtually impossible. One will always overlook

some attributes of any given concept. Thus, there is always the potential for learning.

Though characterized in the passage above as gasegnitioncomprises both recall
(memory) and a second step, some form of matching with another intellectual object, an
expectation, such as through isomorphic mapping (below) or isomorphic projection
(below). That is, recognition entails a second step of ascertaining whether one idea
satisfies criteria for identification as some other idea. The second stghitionis

of particular importance in Assimilation Theory: thategognitionof an ideaasan

explanation (see: Aexplanationis a conceptugath below).
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Thoughrecognitioncomprises both recall (memory) and isomorphic operations, Ausubel
describes recognition as less difficult than recall because established memories can

enablerecognition, whereas recalmemory:

Recognition and recall . . .: In recognition, the originally learned material
is presented along with other plausible alternative variants and the subject
need only selectively identify it; in the case of recall, on the other hand, the
subject must spontaneously or on demand reproduce the substance of the
original material. Obviously, therefore, recognition can lead to successful
reproduction at a much lower level of dissociability strength than can
recall. Items "on the tip of one's tongue" that cannot be recalled
spontaneously can be both recalled with the aid of a hint (e.g., providing
the first letter of the correct answer) and recognized correctly on a
multiple-choice test. . .. In addition to this differential . . . between
recognition and recall, . . . the threshold of availability is higher for recall
than for recognition when dissociability strength is held constant.

[ARK 113-114]

Benyon et al. also confront distinctions between recall and recognition, seeing

recognition has having the second step of "matching":

Recall is the process whereby individuals actively search their memories to
retrieve a particular piece of information.

Recognition involves searching our memory and then deciding whether the
piece of information matches what we have in our memory stores

[Benyon Turner Turner 2005 358]

This type of recognition, to ascertain identity, requires simply a mapping and a matching.
A more complex recognition, the recognition taatidea is an explanatioms the

situation where a complex or compositepositiq one with many componeintventio

and relations among them, must be mapped to a problem (see: Cognitive question:
inadequatelispositio (gapsandblocky), then, not only do elements of the source project
to the target, but upon completion of projection, evaluation is performed that results in

satisfaction that thdispositio(problem) has had projected upon it additional structure
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and is thus no longer inadequate (see: An explanation is a congegthialat displaces
a cognitive question).

[C]hance favors only the prepared mind.

Louis Pasteur [Vallery-Radot 1924 76]
Occasionally, one encounters an idea that is potentially a solution to a problem or
inadequatelispositiq but does not realize it. Recognition of an idea as a solution to a
problem, as in the paragraph above, is facilitated when the learner "knows what to look
for" in an explanation, that is, has criteria by which he can recognize an explanation.

Such criteria will map to the inadequalispositiq and structurally be only skeletal

relative to the explanation.

Historical role of memory

Memoriawas prominent in ancient oral cultures for its techniques of using image schema
(concepts derived from objects observed visually - see below) as a means of evoking

abstract ideas, that is, using the visual metaphor
a place is an idea.
It is combined with the metaphor of
a path through a place is a sequence of thoughts.

This technique, frequently described as@mory palaceenabled the speaker to recall
ideas by associating them with objects in the imagined place, then further imagining his
own walking through it. Each object encountered in the imaginary place evokes a
particular abstract idea such as a portion of a poem. Variant paths were possible from
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one retelling to another. Such feats seem extraordinary to those of us accustomed to

relying on written records, but were widely practiced in oral culture:

[20th century scholars] heard such men creating their works as they
performed, not merely with words but usifogmulasto embroideron

such traditionathemesas anger, vengeance, and combat. They found that
thanks to thisnethodthe poets of oral cultures could still improvise on a
subject, develop it, memorize thousands of lines of verse, and recreate
them in recitation, although no two versions were an exact replimaeof
another. [Martin 1994 83 (emphasis added)]

The place image may be of any place, such as a garden or a great cathedral that offers a
rich variety of sensory experience. An image schema, ewalking from an entry hall
to another roomunderlies the association of proceeding from the prologue of the poem

to an adjacent verse:

In the rules for images themselves, he [Matteo Ricci] explains that they
must be lively and not too static, and that they must arouse strong
emotions . . .

As for the location where a given image is to be stored, Ricci gives the
Chinese a number of further rules. The place should be spacious but not
so crowded with images that a single one gets lost: a magistrate's yamen,
a busy market, or a school jammed with students would all be unsuitable.
The light must be clear and even, though not bright enough to dazzle. The
spaces must be clean and dry, and kept covered lest the images be streaked
with rain or dew. They should be at floor level or just above, not balanced
on a beam or perched on the roof, which would make them inaccessible.
The mental eye should be able to roam completely from one image to the
next, so they should never be closer to their neighbor than three feet nor
farther than six feet.

So Ricci constructs the reception hall of his memory palace . . .

[Spence 1985 25-26]

Memory palaces attest to the influence of image schema and to the notion that abstract
concepts are grounded in sensory experience. (see also: [Yates 1969] and [Carruthers

1990].)
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Impact of memoria on thought and language

On the morning before this week's heartbreaking anniversary, | waded into
the crowds at Ground Zero to ask about their memories of Sept. 11.

Harold, a retiree from Lancaster, Calif., told me that he was awake early
that day last year, watching "Today in L.A." in bed "just as it happened.”
He said he spent hours watching television that morning, riveted by
images of the two planes striking the towers.

These recollections are typical, but not in the way you may think.

their memory of what they saw is false. There was no video that day of
the first plane hitting the World Trade Center," notes psychologist Kathy
Podzdek of Claremont Graduate University in Claremont, Calif., one of
many researchers studying Sept. 11 memories. "Yet 76% of the New
Yorkers we surveyed say they saw it then, as do 73% of people
nationwide."

.. . memories are human constructs: They are amalgams of what we
experienced, read and pieced together afterward, and what we should like
to be true -- not documentary records.

[Begley 2002 B1]

Ausubel devotes substantial attention to the phenomenfongetting Indeed, for

Ausubel, forgetting is not merely an annoying defect in one's thought processes nor a
source of dysfunction arising from the learner's physical resources. Forgetting plays a
complementaryole in constructing new meanings -- there cannot be new learning

without some forgetting:

Forgetting, in process terms, is conceptualized as the second, or
"obliterative" phase of subsumption in which the distinctive import and
substance of a meaningfully learned and subsumed idea is at first
dissociable from the anchoring (subsuming) idea, then gradually loses this
dissociability, and is finally assimilated completely by the more general
meaning of its more stable and inclusive subsumer. . . . [ARK 41]
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That is, in constructing and using new ideas, one must forget some ideas or relations
among ideas that have been displaced or overturned, for example, relations that no longer
have arust or beliefattribute associated with them. For example, as one learns how

banks use deposits to increase the money supply, one must unlearn or forget ones

childhood model of the piggy bank where deposited funds simply sit unused.

While physiological and even obliterative subsumption aspects of memory receive only
modest attention in this report, acknowledgement of thekeaomena is appropriate

because they contribute to difficulties in thinking and language use.

Apart from the necessary forgetting inherent in learning are the undesirable forms of

forgetting: sheer inability to recall, and faulty recall.

We often treat memory as if it had the same properties as computer memory: it goes bad
quite infrequently, but when it does, there is a noticeable if not total process collapse. On
the other hand, if memory does not fail or appear to fail, then memories, that is the
concepts that can be recalled, are accurate. Of course, there is counter-evidence for both
of these myths, mostly of interest to researchers in psychology, neural physiology,
education, and cognitive linguistics. However, such memory dysfunction is a

contributing factor to meaningful learning and becoming informed, and thus must be

taken into account.
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Differentiating objects derived in any Division from those of the others

How might our conceptions of things differ from our perceptions of them?
[Tversky 1999]

Now what is "music" -- a sequence of vibrations in the air, or a succession
of emotional responses in a brain? But before there can be emotional
responses, there have to be vibrations.

[Hofstadter 1979 83]

When we see a picture of the newborn baby, we cannot suppress our
feeling that we are seeing a baby. In fact, the two-dimensional
arrangement of colors in the photograph has almost nothing in common
with a baby, and it takes a brain evolved over three billion years and
trained through several months of early life to construct the identity
between the picture and the baby. Because the brain does this instantly
and unconsciously, we take the construction of meaning for granted. Or
rather, we tend to take the meaning as emanating from its formal
representation, the picture, when in fact it is being actively constructed by
staggeringly complex mental operations in the brain of the viewer.
[Fauconnier Turner 2002 5]

The motivation for outlining the Divisions of Rhetoric, as Reddy has called for, is to
serve as a reference model for cognitive analysis: to retain distinctions between concepts,
words, and papers or screens displaying print, and thus, to avoid blurring them all into

information

Objects of each Division of Rhetoric are distinct from one another based upon their
properties. For examplaventioanddispositiq both conceptual objects, differ in their
resolution and functionnventiois a simplified image adispositiq usually comprising a
linguistic term and a few essential componamentiq whereaglispositioreveals more
componentnventiq andthe relations among them. These distinctions are important
because the objects of each Division have different purposes, are derived differently, and

are susceptible to different uses and processes.
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Four of the Divisions of Rhetoric inhabit a different realm from the fgtbnuntiatiq

which is wholly situated in the tangible world while the others are wholly objects of the
intellectual realm or, in the casealbcutig bridge the two realms. Treatment of
intellectual objects as if they were objects in the physical world leads to numerous
misunderstandings (see: Implication of the conduit metaphor, above). Similarly
treatment of words or termsl@cutig as if theyare concepts rather than derived from

them is an error that confuses both theoretical discourse and practice in scholarly fields.

Inventiq dispositiQ andmemoriaare susceptible only to imaginative, intellectual, mental
processes. Objects of these Divisions cannot be transmitted directly among people, but
must be the sources of derivations that ultimately result in the production of tangible

transmittablgoronuntiatia

Pronuntiatioencompasses all earthly objects including those derived of other physical
objects, e.g., vibrating particles by which radio and television and data signals travel,
whether through the air, space, or copper or optical fiber, upon which derivations of
linguistic expressions are inscribed or encoded. Merely because physical objects are
transmitted does not mean tllgpositioor inventiq expressed bglocutiq are
communicated or received. The learner-reader-listener must derive concepts, through
reconstruction and interpretation, then draw conclusions as to whether they are
substantially similar to those intended by author-speaker, or as to whether they are
credible, useful, otrue. Pronuntiaticas-object is susceptible only to operations in the
physical world, including storage, retrieval, and processing and human perceptive

functions (visual, aural, gustatory, tactile, and olfactory).

Analysis of Ausubel's theories reinforces recognition of these distinctions, for example:
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established relevant existimpasalready presenh learners' cognitive
structures [ARK 6 (emphasis added)]

Here, objects ohventiq "ideas," are differentiated from objectsdidpositiq "cognitive

structures"

We have acknowledged earlier that a learner may associate a linguistic term with a
concept, but it imot a required characteristic of a concept. That is, a learner may evoke
an idea but be unable to express it in linguistic terms. Thus, concepts and linguistic terms

are also different from one another. Ausubel differential@sutiofrom dispositio

| am making a distinction, in other words, between the formal organization
of the subject-matter content of a given disciplaseset forth in

authoritative statementa generally accepted textbooks and monographs,
on the one hand, and the organized, internalized representation of this
knowledgein the memory structures of particular individuag¢specially
students, on the other (Ausubel, 1964a). [ARK 76 (emphasis added)]

To mistakepronuntiatiofor elocutiq inventiq or everdispositiq i.e., to mistake mere

strings of displayed or performed pictographs or audiograpbsintiatig for meanings

leads to the profound misunderstandings described by Reddy. Marks are not letters, nor
are the letters of word (a spelling) a meaning. The implications of disregarding the
distinctions of attributes of the Divisions of Rhetoric is explored next (see: Mistaking
objects of one Division of Rhetoric for objects of another, below). Then how objects of
each Division are derived from objects in an adjacent Division is considered, and thus the

importance of differentiating among them.
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Mistaking objects of one Division of Rhetoric for objects of another

Layered communications reference models are designed such that objects produced by an
agent at any specific layer are intended to be processed by other agents in that same layer.
Grave malfunction occurs where objects of one layer are confused with, or processed by,

a different layer.

In communication, both writer-teacher and learner-reader pedomynuntiatioas-

process (including transmissioe)pcuticas-process, aridventio anddispositicas-

process. Fosuccessfutommunication, objects of each Division are processed similarly
by each party: onefgonuntiatiois handled similarly to the other partpi®nuntiatia

Each person'slocutiomustbecoordinatedwith the other party'slocutia For

successful communication, each partirspositiomust be coordinated with the other
party'sdispositioc Thus, this model has similarities to layered data transmission reference

models (Figure 11.45).

For example, if an employee holds up a company memorandum and declares to his
colleagues, "You see, this memo cuts our medical benefits!" he is confusing the physical
document (and thelocutig with thedispositia If the memo had been lost or mis-routed

to the North Pole where it could do no harm, their medical benefits would still be

changed. It wasotthememathat changed their health benefits. It was, instead, an idea

in the minds of decision-makedispositi where the benefit cut was made. More to the
point, if one intends to assimilate knowledge about one's employment benefits, one needs
thedispositiopotentially evoked by the document, regardless of whether they ever have

possession of the linguistic statements or even the physical memo.
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To illustrate further, considece cream Ice cream is produced from, thatierived
from, specific objects, particularly cow's milk.  Milk is produced by, detived from

cows. Cows are derived from nutrients, e.g., water and grass, and of course, other cows:

ice cream
derived from milk
derived from cows
derived from grass, other cows

Each layer has its own use, system of terms, and modes of processing.

Ice cream is an object whose purpose is to be consumed by children on a
hot summer afternoon. It is comprised of several materials including
sugar, flavoring, and especially, milk. It has a system of naming of which

chocolate vanilla, strawberry sundaesandbarsare members.

ilk. Several purposes are imputed to cow's miome is used to feed
calves, some is processed and used as a human beverage, and some is
processed intace cream Milk has its own system of terms: whole, skim,

homogenized, pasteurized, etc. Cleamylk is distinct fromice cream

Cows are bred and raised for the purposes of producing milk or meat.
They have their own identifying systems such as Brown, Swiss, Guernsey,
Holstein, Jersey, etc. Cows are produced from water and grass, and of

course, other cows. Cows are clearly distinct from milk.

Grass has many purposes, among them food for bovine creatures. Grasses
are organized by botanical nomenclature such as rye, Bermuda, etc. Grass

is produced from seeds. Grass is easily distinguishable from cows.
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Delivered by Expected by

Vendor Dick and Jane

derives from

derives from

derives from

object delivered
matches
object received

Figure 11.46(a)

Now consider a beautiful summer's day, Dick and Jane accompany their parents to a
baseball game. Sooner or later, Dick and Jane, perhaps observing others, politely express
their desire for cold snacks. Let us suppose that Dick and Jane indicate that they would

welcome ice cream sandwiches from the vendor hawking his wares through the stands.

This state of affairs may be illustrated as in Figure 11.46(a).
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Delivered by Expected by

Vendor Dick and Jane

derives from

derives from
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Figure 11.46(b)

To this point, the scenario is commonplace. Now suppose further that Dick and Jane's
father, agreeing to provide the frosty confections requested, hails the vendor and
completes a commercial event transaction, receiving two objects in return for cash.
However, the two objects are not ice cream sandwiches, but two pint cartons of milk. As

the illustration shows (Figure 11.46(b)), a layer violation has now occurred:
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Needless to say, the expectations of both Dick and Jane are dashed. They did not want
milk, they wanted ice cream. Their characteristics are sufficiently dissimilar that not only
is their desire for a frozen treat left unsatisfied, their intellectual resources have rapidly

conjured grave doubts about the credibility of the vendor and the sanity of their father.

Imagine now a variant of this scenario: Dick's father hails the vendor, completes a
simple financial transaction and is then handed, not two ice cream sandwiches, not two

pints of milk, but two cows (Figure 11.46(c)):

Delivered by Expected by

Vendor Dick and Jane

derives from

derives from T,
RS

object delivered
mis-matches
object expected

derives from

Figure 11.46(c)
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The discord in the youngster's minds in the previous example likely pales to their
astonishment here, not to mention leaving the other spectators aghast. So many
principles of our physical world and culture that are held as true or useful are undermined

in this scenario, that they need not be itemized, but merely acknowleddetb

Of course, a third scenario can be easily imagined: Jane's dad hails the vendor, hands
him a twenty, and receives in return two containers of cut grass. It matters little to a child
expecting ice cream whether they receive a pint of milk, a cow, or a wad of grass. In
virtually no case would an ice cream-seeking youngster of any age willingly accept a pint
of milk, a cow, or a clump of grass in lieu of ice cream. Except for the pint of milk, the
children do not even have the tactile, gustatory, or digestive systems to process these in
the same way they process ice cream. If they attempted to do so, they would either
become ill from the grass or injured by the angry cow who resents being treated as an ice

cream sandwich. In short, these three scenarios voalvork

Imagine, now, the anecdote above with the following substitutions: reader-learner for
child, writer-speaker for ice cream vendaispositiofor ice creaminventig for milk,
elocutiq for cow, andpronuntiatiofor grass. That is, a reader-learner assimilates ideas,

inventioanddispositioproduced by a writer speaker (Figure 11.47):
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pronuntiatio transmitted pronuntiatio

Communications Layered Reference Model
based on the
Divisions of Rhetoric

Figure 11.47

Now consider the situations corresponding to the three alternative scenarios where milk,
a cow, or a bundle of grass were confused for ice cream: the results will be the same --

communication willnot work However, there is one important difference:

People are rarely surprised at such substitutions!
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Nobody is aghast thadeashave been interchanged widxt Nobody is shocked that a
computer screen is confused with the text presented by it. Nobody questions the sanity of

mistaking a piece of paper or book for the ideas that the reader might evoke from them.

Indeed, this is this is a daily commonplace and the essence of Reddy's complaint in the
conduit metaphor (above), framed in Divisions of Rhetoric terms. These correlations
may be similarly depicted (Figure 11.48):

Expected by

Delivered by Read
eader-

Speaker-writer listener-learner

dispositio
and
inventio

dispositio
and
inventio

used to derive

pronuntiatio

Layer violations (red vectors)

Figure 11.48
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The Divisions of Rhetoric communications reference model imposes a constraint:
objects produced at a particular layer must be treated as aotfj¢lotd layerby the
recipient (see: Figure 11.45). If not, constructive malfunction occurs (as depicted in

Figure 11.48):

If the speaker-writer'dispositioand the learner-readedspositioare not

coordinated;

If the speaker-writer'slocutioand the learner-reade€®ocutioare not

coordinated;

If the speaker-writer'gronuntiatioand the learner-readepsonuntiatioare not
coordinated, that is, if theronuntiatiosent is not substantially the same as the

pronuntiatioreceived.

A pedagogical example of such constructive malfunction, and a pervasive one:

Provision of physical teaching materigkspnuntiatiq to a learner doesn't

guarantee that he can readekscutiq nor derive itglispositio(meaning).

Yet students are often assumed to be sufficiently familiar with terminology that they can

reconstruct an intended meaning.

Lastly, not only does the Divisions of Rhetoric model illustrate that objects of any given
layer transmitted by a teacher-speaker-writer must be treated as objbetislayerby

the learner-reader-listener, but also that the learner-reader-listener's task is not complete
until dispositig meaning is constructed. Receiving a physical object does not constitute

construction of meaning.
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Derivation of objects of one Division from objects of another Division

This section considers how conceptual objects, linguistic objects, and physical
performance objects are derived or produced from objects of adjacent Divisions. Thus,
this section identifies specific elements of the larger, conscious-level processes of how

people read, listen, write, interpret, and indeed, think.

Objects of each Division arederivations, not transformations, not

representations, not encapsulations, and notcodes

Within the domain of an individual learner, objects of one Division are constructed
according to, oderivedfrom, objects of an adjacent Division (see: Figure 11.45).
Derivationis differentiated fromransformation fromrepresentation gfencapsulation

in, containment inandencoding af

Meaningensues when such operations are performed, but is not itself
directly assignable to sentences.
[Fauconnier 1994 xx-xxi (emphasis added)]

Language does not carry meaning, it guides it. As Mark Turner
felicitously put it:

Expressions do nahean they are prompts for us to construct
meanings by working with processes we already know. In no
sense is the meaning of [an] . . . utterance "right there in the
words." ...

[Fauconnier 1994 xx-xxi (emphasis added)]

Not transformation.Inventicdispositiq elocutiq andpronuntiatioobjects are not

transformedrom, or containedwithin objects of adjacent Divisions. The evidence is
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that, following each derivation, the source remains unchanged, and thus was not

transformed.

For examplepronuntiatioobjects are produced logriving themfrom elocutio
specifications.Pronuntiatiois not a transformation @locutiobecause upon production
of pronuntiatiq i.e., the spoken sound of, or printed charactersltwitio
(specifications for the audible or graphic object) still exists, unchanged in form.
Pronuntiatiocannot be an encapsulationetdcutiobecause thelocutiois an object of

the mental realm angtonuntiatiois an object of the physical.

Consider theelocutioel ephant , that is, the linguistic specification for an elephant
(please see Figure 11.43). One reader may receive a parficalarntiatioand be

provoked taderive(in this case, through recognition) the texl@phantand, in turn,

evoke the ideas of an elephant. However, another reader may receive identical
pronuntiatioand for any of several reasonst be provoked to derive the linguistic term
elephant and thus not evoke the idea of an eleph&nbnuntiatioobjects araot
thought,notideas, but only physical triggers that potentially provoke a reader-listener to

evoke ideas.

Not representation. SimilarlgJocutiodoes notepresentmeaningdispositiq but rather

derives or prompts the construction of it:

[LJanguagedoes not represemheaning directly; instead it systematically
prompts the construction of meaning.
[Fauconnier Turner 2002 142 (emphasis added)]

Human beings face a fundamental problem: Conceptual systems are vast
and rich and open-ended, but linguistic systems, however impressive, are
relatively quite thin. How can a linguistic system be used to convey the
products of conceptual systems, and how can these products find
expression in language, given the stark mismatch in their respective
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infinities?

Because linguistic expressions prompt for meanings rather than represent
meanings, linguistic systems do not have to be, and in fact cannot be,
analogues of conceptual systems. Prompting for meaning construction is a
job they can dorepresentingneanings is not.

[Fauconnier Turner 2002 277 (emphasis added)]

The folk-theoretical illusion that each expression of language has a
meaning that we all retrieve in basically the same way allows interlocutors
to interact under the impression of mutual comprehension, when in fact
they may be engaged in quite different mental-space constructions.
[Fauconnier 1997 160]

The verbrepresents defined as "to bringlearly before the mind" or "to serve as a sign

or symbol of" [Webster's New College Dictionary]. If an object does not evoke a referent
clearly (reasonably unambiguously), it does not represent. There is ample evidence that
terms donot evoke ideas with certainty or clarity. If an object does not evoke a referent

relatively unambiguously, then the object is inadequate as a sign or symbol of it.

Similarly, elocutiodoes not represent concepts because there is no mapping from concept
to term that operates "clearly or serves as a symbol for concepts" from learner to learner.
Learners must provide and apply substantial prior knowledge to every term to construct
meaning. The term is only a trigger to evoke the learner's application of their prior
knowledge to deriving a meaning for the term. One learner might associate one term
with a concept, another learner might synonymously associate different terms with that
concept, and polysemously associate a different concept with the term used by the first
learner. Thus there is no universal representation of concept by term, but only clues that

potentially enable a learner-reader to evoke a concept from the term.

Not encapsulation. The specification &@rephant , aselocutiq as shown in Figure

11.43, comprises several elements including definition, etymology, interaction with other
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terms, syllabification, etc. Th@onuntiatioel ephant showsnoneof these, but only
visible shapes: ane followed by and followed by are, etc. Thus, the specifications,

elocutiq are not encapsulated withpnonuntiatia

Not encoding. Obijects are not encodings of objects of adjacent Divisions because coding
implies a controlled set of meanings for corresponding cdlesutiois not a codingof
meaning dispositig because there is no finite or controlled set of meanings that may be
evoked by people for given words. People can use existing terms in imaginative ways to

conjure meanings that had never been conceived before:

The rich meaning that will ensue is not inherently contained in the
grammatical structures. What the grammar does is specify a range of
constructions of blends from which to choose and on which to elaborate.
This is why language functions so differently froodes logical truth-
conditional systems, and the like. It never does more than set a very
schematic stage for the meaning that is going to be built and negotiated
locally in usage. [Fauconnier 1997 160]

In our folk theory, it is the words that carry the meaning: We "say what
we mean," we "put meaning into words," and so on. The difference
between the folk-theoretic conception and the actual (backstage) reality
goes unnoticed . . .

Expressions of language do not in themselves represent or code such
constructions -- the complexity of the constructions is such that the

coding even if it were at all possible, would take very large amounts of
time and be extremely inefficient. Instead, languages are designed . .. to
prompt us into making the constructions appropriate for a given context
with a minimum of grammatical structure. Language does not itself do the
cognitive building . . . it "just" gives us minimal, but sufficient, clues for
finding the domains and principles appropriate for building in a given
situation. Once these clues are combined with already existing
configurations, available cognitive principles, and background framing,
the appropriate construction can take place.

[Fauconnier 1994 xviii (emphasis added)]

221



Finally, loss, change, or addition of meaning may be a consequence of any derivation.

Notation

In this section, derivations are notated:

(source objecty> (object constructed)

where =" indicatesderives This notation may be less awkwardly read from right to

left, "object constructed is derived from source object." For example,

elocutio=> pronuntiatio

translates

pronuntiatioobject derived fronelocutioobject

Unless the suffias-processs appendednventiq dispositiq elocutiq andpronuntiatiq
refer to the Divisions-as-objects rather than to Divisions-as-process (actions of inventing,

arranging, expressing, or delivering).
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Specific derivations

Characteristics of each of the six derivations are described and illustrated

(Figure 11.49).
Five Divisions of Rhetoric
( A
f : .
in themental realm in the &ngible world
expands
consolidates  ©
specifie
o pronuntiatio
SpeCtI_erS provokes
evocation 0 recognitio —
of

performed by writer-speaker

performed by learner-reader-listener
\

Figure 11.49
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I nventio = dispositio and dispositio = inventio

The relationship betweanventioanddispositiois essentially one of granularity. Both
are forms of the same concept, but wheneasntiocomprises the essential component
concepts (which are alsaventig and perhaps an association with a linguistic term
(elocutig, dispositiois comprised of the fine-grained detail of all the component
concepts and the relations among them. Figures 11.39(a), (b), and 11.40 illustrate the

differentiation ofdispositiofrom inventia

For example, consider tligspositioof "getting a college education.” Thispositio
comprises massive detail related to applications, admissions, living arrangements, each
specific course, the instructors, the friendships developed, the skills and ideas learned,
etc. Thanventioform however is often comprised as just (1) the endpoweintiq go-
to-college, get-a-degree, and (2) a label, "a college education," absent all the detail and
structure. One might argue that such detail is implicit, implied, or even used when the
elocutio"get an education” is expressed. Generally, however, when a learner encounters
thisinventiq specific ideas of registration, acquiring textbooks, final exams, getting

admitted, etc. are not evoked as they are when unpacketisptsitio

Often, a learner might have forgotten or never assimilated the detail structure of an
inventia Thus, for that learner, the derivationimientio=> dispositiomay be

characterized as unpacking the concept to reveal its structure. Where the existing concept
is not well understood, but instead is being developed or extengedt{io=> dispositio

may be regarded as learning in greater detail, analyzing, or excogitating, ttiakiag

When such tasks are combined watbcuticas-process, these are regarded as explaining,

explicating, or exegesis.
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The derivation oflispositio=> inventiois a reductionist one of selectively consolidating

or discounting attributes afispositioso as to use the concept in a general way.

For example, for years health costs and related issues exerted pressure on the health-care
provider paradigm under which a patient was simply covered by his insurance, usually
obtained through employment. To address cost control and other issues, policies had to
be implemented, business methods changed, and new types of labor invented (e.qg.,
matching coding on medical invoices with policy coverage), etc. As the enormity of

these changes exceeded patients' grasp, a consolidated derivatiotisgdbgiowas

needed for the lay public, a reductionist image, a simplified concept with a theme and
label, that is, an object afventia This object became known as the health maintenance

organization (HMO) and developed an identity of its own.

Dispositio = elocutio and elocutio = dispositio

Dispositio= elocutioderivations are performed by writer-speakers.

Elocutio= dispositioderivations are performed by learner-reader-listeners.

The most complex of the six derivations are the interactions between thought and
language (Figure 11.49). These are the central concerns of linguistics, and portions of
ancient rhetoric, cognitive science, and philosophy. Researchers in these fields inquire as
to processes that result in thoughts and expressions, circumstances under which an
expression evokes a particular meaning to a reader-listener, and circumstances under
which a writer-speaker employs specific terms and grammatical forms. Their findings

are drawn upon for their capacity to amplify the notionegckption(of expressions via

pronuntiatig in meaningful reception learning in Assimilation Theory.
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Linguistic terms are separate froaptionalin, and have different properties than,

concepts. A learner may evoke a concept with no linguistic term, or evoke a term for
which he has no concept. Where a learner does not have relevant vocabulary, he might
be less likely or even unable to evoke subsequent concepts associated with the concept

[Lakoff Feldman NTL] [Adams 1974 63].

Conversely, on occasion, the only attribute ofresentioof which a learner may be

conscious is its linguistic label. This can be the case upon hearing a new term, having
some sense of its context, but being unable to disambiguate it from virtually all other
concepts. Astute learners assimilate the vocabulary in a subject domain during and even
prior to assimilating meaningful relations among concepts. Imagine a student at the first

meeting of her Biochemistry 101 class, hearing the instructor proclaim:

The study of proteins is a primary focus of biochemistry. Peptide bonds
link amino acids into proteins. Peptide bonds (secondary amide bonds)

link the alpha-amino of one amino acid to the alpha-carboxyl of the next.

Even if the student recalls general ideas about proteins, peptides, and amino acids from
high school biology, she might know nothing more otaride bondr alpha-carboxy)

upon hearing such a statement, than their pronunciation. As instruction proceeds, the
student (hopefully) constructs relations between these new concepts (comprised, thus far,
only of a name) and those more familiar. As the relations among new concepts and prior

knowledge grows, the new ideas become more meaningful, and more than just labels.

As mentioned, a learner may evokeimrentiofor which he has no linguistic expression,
that is, an idea that he cannot describe. A lengthy description may be used in lieu of a

term, expression, or name. There are many concepts (e.g., those of some emotions,
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physical sensations) for which one might have difficulty selecting a satisfactory term,

elocutia

GONERIL:
Sir, | love you more than words can wield the matter;
[Shakespeare King Lear. Act |, scene ]

MACDUFF:

| have no words:

My voice is in my sword: thou bloodier villain
Than terms can give thee out!

[Shakespeare Macbeth. ActV, scene V]

Ausubel recognizes this predicament:

First, it happens quite frequently, particularly in concept formation, that
pupils acquire particular concepts meaningfully without learning for some
time what their names are. Thus, simply because they do not know what
particular concept words mean, it cannot be assumed that they necessarily
do not know the corresponding concept meanings (criterial attributes).
[ARK 86-87]

The derivation dispositio = elocutio is selection of linguistic system and

terms

Fromdispositiq a writer-speaker derivesocutioby selecting term$o express his ideas,

"to clothe his thoughts with meaning." In confronting this derivation, the writer-speaker
is confronted with two questions: (1) which linguistic system expresses the concepts in a
manner most likely to be grasped by the learner-reader, and (2) which terms within that

system are best suited to the learner?
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Apart from selection o&locutio(semantic), the writer-speaker might decide to render the
expressions in tangible form, ponuntiatia If so, theelocutio(graphic-phonic)
associated with thelocutio(semantic) provides the specifications for producing

pronuntiatiofor transmission to reader-listeners.

The derivation elocutio = dispositio is specification for evoking and

selecting meaning

[A] fundamental distinction between a written mark - something fixed,
lasting, preserving -- and its readings, which are always of the order of the
ephemeral, plurality and invention. ... [R]eadingasalready inscribed

in the text; that it is not true that there is no imaginable gap between the
meaning assigned to it (by the author of the text or its editor, by criticism,
by tradition, etc.) and the use or interpretation that readers may make of it.
[A] text exists only because a reader [who could also be the author] gives
it meaning.

[T]he text has a meaning only through its readers; it changes along with
them; it is ordered in accord with codes of perception that it does not
control.

[Cavallo Chartier 1999 1 (annotation added)]

Elocutiospecifieaneaningdo be evoked and selected by the learner-listener-reader.

How does a learner-listener-reader ascribe meaning to expressions recognized?
According to the conventional reading model, the derivatiatisgfositiofrom elocutio

comprises several steps:

[Comprehension through reading] takes place at four levels: lexical,
syntactic, semantic and pragmatic [Rettig, 1992], [Rada, 1991].

At thelexical level, the user determines the definition for each word
encountered.

At the syntacticlevel, the subject, action and object of a sentence are
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determined.

The meaning of a sentence is determined aseh@antidevel.
Thepragmaticinterpretation of text depends on the integration of
semantic meaning of text with the reader's knowledge of self and of the
world. [Balasubramanian undated]

Miller describes, instead, a "top-down" model where the reader's primary objective is to
selectideas (idealized cognitive models) from within their prior knowledgpositiq

that best match the concepts provoked by the text. That is, if the reader can "get the main
idea" of a text, they do not devote time or cognitive resource to narrower distractions

such as specific word meanings, spelling, or punctuatiorlobutio=> dispositiq the

listener is attempting to ascertain conditions under which the expression would likely be

used, perhaps even be true.

.. . in which case the model selected by his image contained more than
one representation compatible with what he remembered, but he could still
use his model to insure that every sentence he wrote was true in the model.

Now consider models from the reader's point of view. Initially, the
reader has a very general model if he has any at all. The reader is given,
not a model, but a text, a string of descriptive sentences. He must discover
a model that is compatible with those sentences -- a model that includes
the author's model [or not] ... Then his task becomes just the reverse of
the author's: a reader uses the true descriptive sentence to select a model
(Cushing, 1977) [Miller 1993 362]

... [L]et us say that you understand a sentence if you know the conditions
under which a person would use it. [Miller 1993 364]

Meaning is not encoded in sentences. That is what has led the mechanical
translation of language and machine understanding of language astray.
Sentences . . . are big pointers into shared metaphors. | think of language
as being a technology of gesture. The first thing you try to find out when
you are talking to someone is whether you share the same metaphors. If
you don't then you are in a learning situation.

[Kay 1983 55]
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Miller's analysis coheres with one of the prominent claims from Wittgenstein's later
work, an instrumental theory of meaning, to the effect that one knows a word when one
knows how to use it. This is one of very few intersections between the present essay and

Wittgenstein's work, early or late.
From Miller, a better understandingelbcutio= dispositiomay be synthesized:

(1) recognitionof the terms, (2activationof existing ideas by tracing relations from
term to ideas associated with that term, therséBctingfrom among those meanings the
most relevant, then (4¢onstructionof first order grammatical (taking into account
syntax) meaning, as integrated with the learner's existing subject matter knowledge.
These may further include evaluation as to belief, i.e., as truth or its status as a
counterfactual (a temporary construct where belief is suspended for the purpose of

hypothesizing).

In sum, this derivation is a constructive one, not merely selecting from already held

meanings.

Dispositio = elocutio compels speaker-writer to (re-)organizelispositio

[T]he use of writing to assess what students understand may pay an
important bonus, because it is a common observation that engagement in
the activity of writing can itself have a progressive effect on the writer's
understanding, through a kind of re-thinking process.

[Ammon and Ammon 1990 5]

Dispositio= elocutiohas a clarifying effect on selection and organization of ideas, and
often consequently on the selection of expressions. Writing can be an iterative activity.

In writing a report or producing concept maps, for example, the author or mapmaker
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might recognize disconnected or unidentified concepts, or conflicting relations among
ideas, adjust hidispositioaccordingly, and then express those structwles\{tio more

clearly.

Further, the speaker-writer's effort to reorganize thoughts may be aispogitio=
elocutio=> dispositio= elocutiq etc.) as in the cycle of markup/edit, print, read,

markup/edit.

Elocutio only indirectly correlates to meaning,dispositio

Elocutio'sfunction is to provoke learner-reader-listeners to evdigeositio The

correlation between expression and meaning is imperfect and uncertain. This is, in part,
becauselocutiois an intermediary between writer-speaker and learner-listener-reader.
Elocutio'sstatus as a device between people, an intervening object, even if its function is
to serve as a bridge, nevertheless evinces the fact that communication between people is
notdirect, not telepathic. As a device that intervenes between pedpbeitioas-

process adds error, uncertainty, and entropy to communication.

As an analogy, the objective of golf (directing a ball to fall into a cup) might be easier if
the players could pick up the ball adidectly place it in the hole. Instead, players are
required to use aimdirect andinterveningdeviceto manipulate the ball: a golf club.
Results vary, but almost always, use of a club to direct the ball accurately leads to
imperfect outcomesElocutiois like the golfer's stick: a somewhat clumsy device, but
with skill, a linguistic expression can provoke the learner-reader to evoke the expected
thought. When expressions are interpreted successfully (depending on the criteria for

success), they sink the putt. If synonymy, polysemy, or a substantially different set of
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personal experiences by the reader-listener interfere, the ball misses the hole. Sometimes
there is no hole, leaving conversations to wander inconclusively. Other times, the "club”

is so specialized, the novice is unable to use it at all.

An often overpowering idea in our culture is the notion of "the meaning of a word." That
is, words and texts have objective, or at least negotiated meanings and it is the learner's
simple job to evoke that meaning when receiving the term (see: Manifestations and
adverse consequences of conduit metaphor effects, above). This powerful idea, like a
belief that a withess who swears on a copy of the Bible to teltutieto a court is able

to do so, is a fiction. In practice, the witness' truth can only be as he understands it. And,

the learner's meanings are only as he constructs and selects them.

The meaning imputed to a term or text by a learner may be influenced from several
sources. A term or text used in the community polysemously requires the learner to
choose from among alternative meanings and thus certaiatyaatio= dispositiofalls

below a perfect 1.0.

Meaning is further influenced by the learner's private experience, existing knowledge

(including beliefs and biases), memory, cognitive skills, and other private factors.

Another source of flex in the relation betwedacutioanddispositiois the effect of

cognitive authority people grant to others to determine mednirtgem. Despite the

attempts of teachers, dictionary compilers, advertising executives, and political advisors
to correlate printed or spoken terms with specific meanings, meaning is, in the final stage,
constructed by the learner herself. The meaning might have, embedded in it, hidden
sequences based on various kinds of logic, conclusions, assumptions, or other artifacts of
other people's attempts to install particular meanings into the learner-reader-listener.

Indeed these attempts are often effective. Most of the concepts accepted as true
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knowledge are constructed based on the cognitive authority of trusted other persons.
However, construction of meaning is also based upon the learner's own experience and
prior knowledge. To the extent she relates these to new ideas, she may detect hidden

assumptions (implicit superordinate ICMs) and vet them accordingly.

For all these reasons, meaningléivedfrom terms by the reader-listener rather than
inherentin the terms, and, terms aterived frommeaning by the speaker-writer rather

than being objective pre-ordained representations of meaning. Cognitive constructivism
does not acknowledge telepathy. Thus, communication is required. Communication, as
structured by the Divisions of Rhetoric communications reference model, is the art of

transmitting expressions thaitovokethe receiver'svocationof meaning.

Thus, meaning expected to be expressed by an author-writer might not be the meaning
evoked by the learner-listener-reader. This lossp&ctedneaning due to th@direct

correlation with meanings a property of so-called natural language.

Elocutio alwaysunderspecifiesdispositio

Elocutiospecifiesmeanings to be evoked and selected by the learner-listener-reader.
However, learner-listener-readers do not treat such specifications uniformly.

Consequently, understandings of identical texts among learner-listener-readers varies.

As alluded to earliedispositicas-object is the detailed structure of an idea with all of its
component concepts and relations among component concepts and amoimy ertier
The composition of most concepts is complex beyond human comprehension. As
learners lack the capacity to bring all component concepts and relations to conscious
attention at any moment (or at all), similaglipcutioexpressions of concept cannot be
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expected to evoke all such complex detail. Terms can never wholly express thoughts.
Reductionism in any derivation, including linguistic specification is unavoidable, and

thus, so is loss of meaning attributable toEtocutio alwaysundeispecifiesdispositio

3. Language expressions underspecify cognitive construction.

When a sentence is looked at in isolation, we come up with the typical
interpretations . . . But when a sentence is correctly understood to be
making an overall contribution to cognitive discourse construction, we
find that the same "meaning" conceived of as building instructions, can
give rise to different "interpretations," depending on . . . how they are
applied; the "how" comes into play because the building instructions
typically underspecifghe construction: There can be more than one way
to elaborate an existing configuration . . . [Fauconnier 1997 65]

Thus, people compensate for the underspecification of meaning expressed by linguistic
terms, in part, by a mental process of "filling in," i.e., isomorphic projection (see: What
is isomorphic projection? below). In this respect, isomorphic projection offers the
benefits of a labor-saving device: one need not memorize every separate thought, but

only a smaller number of key thoughts from which the others can be re-called, re-evoked.

Buckland points out [private communication] that several sources of indeterminacy are at
work in elocutio= dispositia (1) any particular object @locutiq as understood by the
majority of speakers, only imperfectly specifies a particular concept; (2) a particular
elocutioobject might not evoke a particuldispositioin the mind of a particular person;

not to mention that regardless of the looseness of the relation betlweahoand

dispositiq dispositioobjects are inherently imperfectly specifiable, (3) on account of

their complexity and (4) because any specific perghsfmsitioarises from their own

experience, which differs from person to person.
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Can elocutio specify meaningexplicitly?

A text (more accurately, the meaniofa text) is regarded &xplicitif the learner-
reader-listener consciously and unambiguously evokes the expected meaning, either by
the writer-speaker or by a community whose vocabulary includes the expression. When
she cannot construct an expected meaning from the text, or several meanings, even
conflicting meanings, are possible, or when meaning is evoked only sub-consciously, the

meaning has the status of beimplicit "in," that is, as derived from, the text.

The concept oéxplicit, thus comprises two elements (1) conscious evocation of salient
dispositioobjects by the learner-listener-reader, andi(@mbiguouselection by the

reader of thelispositiofrom all possible conflicting meanings.

Meaning that is explicit relative to (i.e., derived from) a text for one learner-listener

might not be considereskplicit by a different learner-listener. A community of writer-
speakers may deem that a particular meaning is explicit in a term, e.g., "Pick up that trash
you dropped."” is likely considered explicit to most English speakers. Nevertheless, for an
individual learner-listener-reader, the exhortation might not be explicit: (1) she might be
preoccupied with eating her lunch and thus not be attending ("paying attention") to the
expressions directed to her by the police officer, or (2) she might be uncertain about
which trash is referred to by the text (if she did not believe she had herself committed a

littering act).

Assimilation Theory, paralleling Reddy's observations (above), holds that meaning is not
in texts, but constructedom them by the reader. Because a meaning cannntébgext,

it cannot beexplicitin the text, nor can it bienplicit in a text.
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Dispositio is not linear, natural languageelocutio usually is

If there were such a thing as polyphony in prose, it would obviously be a
godsend to the writer of history, whatever it might be to the reader. The
historian would be spared his persisting struggle to reconcile the
chronological thrust with the regional spread -- the development, over the
years, of one kind of growth with the diffusion, over vast areas, of many
kinds of growth simultaneously. However, language being less adaptable
to contrapuntal treatment than music, the solution that is most suitable to
the historian's problems has to be discovered from case to case.

[Reese 1954 Preface]

The Twentieth Century philosopher Michael Foucault observedit@dsitiois web-like
or may be conceptualized as having a network form of structure. However, most (though
not all) forms ofelocutiq primarily the so-called natural languages, presented as

pronuntiatig are linear:

What distinguishes language from all other signs and enables it to play a
decisive role in representation is, therefore, not so much that it is

individual or collective, natural or arbitrary, but that it analyses
representation according to a necessarily successive order: the sounds, in
fact, can be articulated only one by one; language cannot represent
thought, instantly, in its totality; it is bound to arrange it, part by part, in a
linear order. Now, such an order is foreign to representation. . ..

It is these representations, pressed in on one another in this way, that must
be sorted out into linear propositions . . .

If the mind had the power to express ideas as it perceives them, then there
can be no doubt that it would express them all at the same time. But this is
precisely what is not possible, for though 'thought is a simple operation’,
'it's expression is successive operation.’

[Foucault 1970 82 (internal references omitted)]

The observation that language is linear disgositiois network-like (or hierarchical

according to Ausubel) is an immediate clue that substantial transformation work is
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performed, and thus the labor of constructing meaning isiribeelocutiobut

performed by the learner-reader.

Relatively simple [linear] grammatical structures give instructions for
space [cognitive] construction in context. But this construction process is
often underdetermined by the grammatical instruction . . . may vyield
[ambiguous meaning constructed by the learner-reader]

[Fauconnier 1994 2 (annotation added)]

[T]he writing and reading blending network . . . includes complex
projections and social conventions that we take for granted. For example,
to read a book in English, we must map speech in time onto linearly
ordered locations from left to right horizontally on the page, and
understand that at the end of the line, the speech jumps back to the
beginning of the next line, and that turning the page (the commonest
action we take with a book) has no counterpart in the speech space.
[Fauconnier Turner 2002 210 (annotation added)]

Although writing is necessarily presented as a succession of words, lines
and pages designed to be scanned in linear fashion from beginning to end,
readers are none the less free to discover that space as they wish.
[Gilmont 1999 232]

This structural dichotomy betweefocutioanddispositiodifferentiates engagement with

newer forms of media and their native formslfcutia

Reading a book requires a degree of active attention and engagement.
Indeed, reading itself is a progressive skill that depends on years of
education and practice. By contrast, most electronic media such as
television, recordings, and radio make fewer demands on their audiences,
and indeed often require no more than passive participation. Even
interactive electronic media, such as video games and the Internet, foster
shorter attention spans and accelerated gratification.

While oral culture has a rich immediacy that is not to be dismissed, and
electronic media offer the considerable advantages of diversity and access,
print culture affords irreplaceabterms of focused attention and
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contemplatiorthat make complex communications and insights possible.
[NEA 46 (emphasis added)]

Textualelocutioexpressed in natural language terms is, in some ways, not linear: a poem
may be understood as text, as rhythm, and in some cases as rhyme or alliteration.
Musical expressions are interpreted both according to their definitional meaning, their
inflectional meaning, and their musical meanings. Musical expression comprises
dimensions of sound (dynamics, texture, pitch, tone color), form, harmony, rhythm, and
melody all occurring simultaneously [LaRue 1970]. Visual languages are not exclusively
sequentialNevertheless, natural language expressiopsanuntiatioare linear. Thus
non-linearity begins to appear wiphonuntiatio=> elocutioin objects derived from

natural language systems. A passage of text is referred tma®atext. Booth joins

the chorus of those protesting that reading is not strictly a linear process:

Thinking like a reader

Readers do not read sentence-by-sentence, accumulating information as
they go ... They need a sense of structure . .. an idea of why they should
read [a document] in the first place . . .

[R]eaders read each sentence in light of how they see it contributing to the
whole. [Booth Colomb Williams 1995 201]

Perhaps future investigation will uncover aspecwslatutiothat are overlooked and raise
guestions as to whether attributes of sentences and paragraphs interfere with their purpose
of communication. For example, under what conditions might written materials provoke

improved meaning if presented as frames, maps, graphs, concept maps, or sound objects?

As acknowledged earlier, this notion of multi-dimensional structure does not comport
with Ausubel's exposition of Assimilation Theory, which conceptualizes knowledge

structure strictly as hierarchical -- a conceptualization not adopted in this essay.
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Exercises
1. Attempt to solve the following using English, then evaluate your results

Consider a large piece of paper the thickness of this page. . . In your
imagination, fold it in half fifty times. How thick is the folded paper?
[Adams 1974 63]

Then, attempt to solve the same problem thinking visually. Evaluate your results.

Then, attempt to solve the same problem using mathematical expressions. Evaluate.

ANS.

If the learner selected mathematics as the language for thinking about the
problem, s(he) might have determined that the end regutt2® wheret

is the thickness of the paper. If the paper were ordinary typing paper, the
arithmetic calculation would return an answer of approximately
50,000,000 miles or over half the distance from the earth to the sun. . ..
The correct language [for solving] this problem was clearly mathematics.
[Adams 1974 63]
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Elocutio (semantic)=> elocutio (percept) and vice versa

The correlations between semantic and perceptible properties (Figure 11.43) are the
associations one learns in the study of vocabulary. These correlations associate the
specification of a meaning withe idea ofa physical rendering, not the physical

rendering itself.

Familiarity with one form otlocutiodoes not always indicate mastery of the other. For
example, once having recognized éhecutio(graphic) specificatioel ephant (for
example, from a newspap@rénuntiatig), one might be successful in evoking,
consciously or subconsciously, the idea of an elephant. However, if the specification is
notel ephant, butdi fferenti al cal cul us, some readers might have no

difficulty spelling, pronouncing, or syllabifying it, but be unable to associate it with
attributes oklocutio(semantic), e.g., specific definitions or interactions with other terms,

and thus also have difficulty in evokiigspositiq or even generahventia

Correlatingelocutio(semantic) witkelocutio(percept, e.g., graphic-phonic), that is,
organizing, and presenting evidence of new words, their spellings, describing their
intersubjective meanings and other attributes is the work of dictionary compilers and
encyclopedists. English teachers and subject matter teachers (as in biology), piano
teachers, symphony conductors, landscape designers, and choreographers attend to
vocabulary of the language system, e.g., how the marks on the page of music specify a
musical idea before rendered in sound, how the choreographer specifies the idea of a
sequence of positions in Labanotation, how the concept of grade of a garden is specified

on blueprints.
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Elocutio = pronuntiatio and pronuntiatio = elocutio

How artists, writers, and speakers produce (depveuntiatiofrom elocutio(percept)

is a process of rendering tangible (including digital) objects according to specifications.
Learning rendering techniques according to natural language specifications (printing,
cursive) is generally learned during childhood, and is complemented throughout life by
training in diction, typing, graphic arts and layout, and elements of style, whether plain
writing or speaking, or more recondite specifications as found in the fine arts and

performing arts.

In the reverse derivatiopyonuntiatio=> elocutiqpercept) a reader-listener is provoked,
through their physical senses, to perceive and recognizes expressions from tangible
objects according to graphic-phonic specifications. Perceptions are then mapped to

correspondinglocutio(semantic) from whicklispositioare evoked or constructed.

As described earliepronuntiaticas-object are sensory-susceptible tangible objects.
Tangible objects may undergo transformations prior to rendering in sensory susceptible
form, e.g., digital-to-sound or digital-to-visible. These include not only solid objects, but

tangible vibrations such as sound waves.

Speech may seem immaterial, hardly like . . . an inscription on a
tombstone. But in fact it is a material anchor. Consider the scene in

which the woman is actually listening to the speech of her fiancé. . ..

From one perspective, what is happening is that longitudinal waves in the
air are striking her eardrums, and she is aware of this. But from that same
perspective, a lab rat or a pigeon would be doing the same thing, and
again,she is clearly doing something they are not. She knows a

complex mapping that connects particular equivalence classes of sounds to
particular linguistic structures like words and clauses that are publicly
shared and mentally represented. [Fauconnier Turner 2002 211-212]
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Texts comprised of various character sets, such as written languages and music, of
course, require the reader's familiarity with the character set. However, the importance of
recognition of individual characters is generally superseded by recognition of sets of
characters as single objects: terms, words, or idioms. Recognition is facilitated where

spellings of words became conventionalized:

Typography arrested linguistic drift . . . [Eisenstein 1979 117]

Further, recognition of a character pattern may be achieved even with omissions, errors,

or imperfections in some of the characters in the pattern.

. . . people's enormous capacity for recognizing many different patterns . . .
The way that elements are arranged in space -- in groups, orders, or
distances -- can be meaningful either iconically or metaphorically.

[Tversky 1999]

Thus, readers can recognize words even though they contain misspellings and musicians
can recognize clusters of notes, figurations, as if they were spelled words.
Cryptographers solve simple cryptograms using, among other techniques, recognition of

pattern, e.g., one translationaifcdab is 'george' andbcadb is usually 'people.’

Theelocutioprovoked need not, of course, be confined to so-called natural languages:

.. . the raised eyebrow of the actor that may illustrate the whole situation
in the state of Denmark . .. [Turbayne 1970 13]

The sensory perceptions of vision and hearing are the most prominent mode for
pronuntiatiorecognition. Tactile, olfactory, and even gustatory senses receive
expressions from which meaning is derived, e.g., the handshake, the aroma of morning

coffee, or the taste of an appropriately selected wine are all potentially meaningful.
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Pronuntiatio = dispositio

Do learners derive the same understanding from the digital form of document as from a
paper version of the same document? Or, goasuntiatiohave a meaningful bearing

upondispositi@

A great deal has been written over the last twenty years about the so-called digital
revolution, the future of the book, the information society and their impact on people. As
well, much has been published about internet technology and human-computer
interaction-interfaces (HCI). With these, one might ask, "Is there any meaningful
cognitive influence of digitgbronuntiatioon how learners learn?" Or, do digital
documents, networks, and processors simply mean that more documents are available
faster, and with fewer trips to brick-and mortar buildings? What principles of educational
and cognitive psychology might aid understanding of these two mogesraftiatio

use (paper and digital)? How do they differ in regard to construction of meaning?

Theory from neurophysiology and perception, both relevant to understanding
pronuntiatio=> dispositiq are nevertheless beyond scope of this report. Here, one is
concerned with a narrower interest: explication of Assimilation Theory though accessible

complementary psychological, educational, rhetorical, and cognitive-linguistic literatures.
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pronuntiatio => dispositio in the Divisions of Rhetoric communicationgeference

model

The first step in amplifying Assimilation Theory with complementary ideas was to
recognizecommunicatioras sharing for use. Indeed, the derivations encompassed in

pronuntiatio => dispositioarecommunication.

The Divisions of Rhetoric communications reference model compels recognition of the
functions and properties of the processes and objects of each Division. As mentioned,
one of thoseglocutig has a unique function: to reach into both realms, intellectual and
physical, by associatinglocutio(semantic) withelocutio(percept). Perception of

physical objectspronuntiatiq is insufficient for communication, and thus human

elocutiosystems have become sophisticated.

Having acknowledged the indispensabilityetdcutiq one might not expect to find here
reference talispositio=> pronuntiatiq that is, as if skipping derivation to and from

elocutia Indeed, such is not intended here, but merely to emphasize the endpoints of the
communicative modefronuntiatioanddispositioc However, one category of concepts

does arise withowtlocutia Lakoff has differentiated betwedasicconcepts and
abstractconcepts (see: Baditventioand abstraghventig below). Basic concepts

arise from sensory experience, such as engagement with a physical object that is, for
example, heavy, hot, or out of reach. From these experiences, basic concepts arise, such
as a weighty responsibility, a hot idea, or an idea that is beyond one's grasp. In this

sensedispositio=> pronuntiatia

Moreover, systems of expression are not confined to (so-called) natural languages. For
example, if a learner, say a fourth grader, hands his teacher a book report that is

crumpled, tinged with peanut butter from his lunch, and written in poor handwriting, the
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teacher constructs meaning apart from the natural language expressions inscribed on the
paper. Conversely, if the book report with precisely identical $axispeanut butter, is
presented neatly, on clean sheets, freshly off a laser printer, different meaning is likely
constructed by the instructor. A glossy periodical recognized as "popular” might be
deemed as lacking credibility to a student seeking scholarly materials for a thesis. This
does not mean tharonuntiatioitself "carries meaning" but that the tangible material
performs expressionglpcutig of many kinds. Thus in looking to texts describing

meaning imputed to "interfaces" apparently lacking linguistic expressions, one must look

carefully at the meaning constructed andgrenuntiatiothat provoked such meaning.

In this section, our focus is upon the reverse derivatiaispsitio=> pronuntiatiq i.e.,

pronuntiatio => dispositiq. Two such examples are considered:

Pronuntiatio(paper) => dispositio

and Pronuntiatio(digital media)=> dispositiq that is, human-computer interaction

(HCI)

Both paper interface and HCI literatures may be partitioned according to their
disciplinary perspective, and then the psychological, educational, rhetorical, and
cognitive-linguistic aspects of such theory considered as a source for Assimilation

Theory-oriented Stage Il analytic criteria.
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Principles that bear uponpronuntiatio = dispositio
Ausubel acknowledges differing properties of human learners and digital systems:

The acquisition and retention of large bodies of subject matter is really a
very impressive phenomenon, considering first, that human beings, unlike
computers, can apprehend, and immediately remember, only a few
discrete items of information that are presented a single time,

[ARK 15]

He views the learner's interaction with material objects as partitioned into two stages:

Thus, the understanding of a sentence is a two-stage process involving
perception and cognition successively. The first stage involves the
perception of the potentially meaningful material, and the second stage
involves relating perceived potential meanings to relevant existing
propositions in cognitive structure. In the first stage the learner perceives
what the message is, or what hetodsarn; in the second stage he
understands what he perceives, that is, he acquires its meaning. Thus,
perception precedes cognition in the meaningful learning of new
propositions. [ARK 82-83]

This correlates to Miller's notion (see: The derivagttutio= dispositiois
specification for evoking and selecting meaning, above) of recognizing an expression,

then matching it to some meaning available in his existing knowledge:

Now consider models from the reader's point of view. Initially, the
reader has a very general model if he has any at all. The reader is given,
not a model, but a text, a string of descriptive sentences. He must discover
a model that is compatible with those sentences -- a model that includes
the author's model [or not] ... Then his task becomes just the reverse of
the author's: a reader uses the true descriptive sentence to select a model.
(Cushing, 1977) [Miller 1993 362]

This perception-selection process is not confined to so-called natural languages. When

an online user perceives a scroll bar, a print icon or other image, or a colored area of an
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interactive map, they rapidly, subconsciously, attempt to construct meaning for the
recognized object. For example, a glossy looking periodical may be regarded with less
credibility than an academic-looking journal to a scholar seeking sources for research. A
pronuntiatio'sappearance can influence how potential readers impute credibility to the
ideas it was intended to express [see Written materials manifest cognitive authority in

Innovations that mitigate obstacles to meaningful reading).

Thus, forpronuntiatio=> dispositiq whether paper or digital, the question becomes,
what principles pertain to presenting material provocations that result in evocation of
relevant meaning to the learner? Theories of paper-based provocations are summarized,

followed by digital HCI theory.

Recalling the above discussion of conduit metaphor, meaning iis pi@nuntiatiq but
constructedrom it by a reader-listener, differently by each person depending upon their
prior knowledge, context, and their criteria for associating meanings with expressions
provoked bypronuntiatia Thus, interface design of both modes is challenged with
providingelocutiowith which thespecificlearner is familiar and cues that provoke the

learner to select particular meanings, and not others, from those evoked by expressions.

Learners can have different criteria for associating meanings to documents based on
different forms ofpronuntiatia Both digital and paper forms are laden with different
functionality. For example, paper can be easily read and inscribed upon nearly anywhere.
Inscribing on a digital document, even with a laptop, is ergonomically somewhat more
awkward. However, digital documents can hyperlink to, and fetch, other documents.
Paper documents cannot. Thus, the cognitive models the learner-reader applies to each
might differ, even if each is presenting the same text. These two mogiesohtiatio

are examined in greater detail momentarily.
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Beyondwhatprovocations are presented to the reader-learner, digital or paper, are the
concerns ohowthey should be organized and what cognitive models the learner might
employ to navigate "where he is" (in his existing knowledge structure) to "where he

wants to go" (ideas he might wish to acquire). Ausubel relates organization of material
objects to his principle of progressive differentiation, that is, detail should be presented

only after superordinate ideas are expressed as conceptual scaffolding:

Most textbooks are organized topically (logically) at a uniform level of
conceptualization despite the commonly observed fact that,
psychologically, the order in which different segments of knowledge in a
given discipline are acquired is generally congruent with the principle of
progressive differentiation (that is, hierarchically speaking, from the top
downwards) as demonstrated by various advance organizer studies . . . .
As a result, in the absence of available explanatory concepts and
principles, much factual information and symbolic manipulation are
learned rotely. [ARK 76]

This parallels a corollary to Assimilation Theory's prime directive, meaningful learning is
best facilitated where known concepts are expressed in a form that can be used to connect

to new ideas, and thus, be meaningful.

Following issues of what concepts to express and present, and how to organize those
presentations to foster construction of new meaning, comes the question of which
linguistic system expresses the concepts in a manner most likely to be grasped by the
learner-reader. One category of linguistic systems is visual systems. An entire sub-
discipline of visualization, the unveiling of the underlying structure of large or abstract
data sets using visual representations, provides its own theory and literature. Some of

these are drawn upon (see: Human-computer interaction (HCI) below).
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Interaction with paper

The technical and historical development of the cognitive influence of paper-based
innovations upon learners, as readers and writers, is sketched below (see also:
Innovations that mitigate obstacles to meaningful reading, and Innovations that mitigate
obstacles to writing). Important concepts related to paper-based texts include, for
example, the transition from rolls to codex format, which facilitated reorganization of
pages, which in turn, paved the way for the notion of fragmentation generally (see:
Fragmentation facilitates arranging, below), whereby documents became conceived as

part of a larger work.

The notion ofincremental texmade the writer's task easier because other knowledge
could be incorporated by reference rather than by origination of lengthy and duplicative
writings. Similarly, the reader's task was easier because written documents, being less
lengthy, became more tractable, less intimidating, less expensive, and thus more likely to

result in assimilation of the ideas expressed.

Pronuntiatiopartitioning also gave rise to intra-document (or intra-object) organization,
such as the delimitation of acts and scenes in plays, and separation of verses and chapters

in the Bible.

Paper also provides the benefit that it facilitates annotation. That is, a reader can perform
inscriptions that modify the record and thus enter into "conversations" with the writer or
oneself (see alsdPronuntiatioinnovations to facilitatelocutio(graphic) perception and
subsequent recognition for discussion of a variety of other paper-based innovations

related to the reader's recognition of organizational elements of a text).
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With paper (and paper-like materials) came a substantial incregessdingthat
complemented, if not displaced, the spoken word and memory schemes as the primary
pronuntiatioof communication. The difference in these two modes was profound
because, unlike a spoken source, the paper (-like) source constitetedcthat could

be revisited by the learner-reader at will:

.. . preservative powers of print . . . Typographical fixity is a basic
prerequisite for the rapid advancement of learning.
[Eisenstein 1979 113]

[B]ecause of the complexity of the subject matter, visual reading was
essential for its comprehension. While the professor read aloud from his
autograph commentary, the students followed the text silently from their
own books. This was a change from l&tio divinaof late antiquity and

the early Middle Ages, where one monk had read aloud to others, who
listened without the aid of a written text. In 1259, the Dominican house of
the University of Paris required that students, if possible, bring to class a
copy of the text expounded upon in the public lectures.

In 1309, Pierre Dubois . . . observed that students who did not have a copy
of the text before them could profit little from university lectures.

Students too poor to purchase their own copies could borrow them from
libraries . .. The statutes of the Sorbonne provided for lending books
against security deposits. In the final years of the fifteenth century, the
printing press provided the copies needed for classroom use.

[Saenger 1999 133]

Of course, as readers interact with records, they may be distracted from the other modes

of communication:

At Paris in 1355, the university recognized that the artificially slow pace
of lecturing in order to facilitate extensive class notes of copies interfered
with the student's need to focus his attention on the text in order to
comprehend the subtleties of the master's lecture.

[Saenger 1999 135]
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It was in the chained libraries of the late thirteenth century that the reader's
need for silence was first made explicit. In the late antique library and
early medieval monastery, where readers had read aloud, each reader's
own voice had acted as a physiological screen blocking out the sounds of
the adjacent readers. When readers began to read visually [silently] noise
became a source of potential distraction. . . . At Oxford, the regulations of
1412 recognized the library as a place of quiet. The statutes of the library
of the University of Angers of 1431 forbade conversation and even
murmuring. [Saenger 1999 136 (annotation added)]

Although the practice of, and benefits and detriments of, personal silent reading arose
with the first tangible medium that could also be personal, paper, the same benefits and

detriments accrue to modern media (digital or non-digital):

About five years ago, | co-taught the [an] engineering course with another
faculty member. That professor used transparencies extensively, about 15
per class. He also handed out copies of the transparencies before class so
that the students could use them to take notes. . . .

After a few weeks, | noticed . . . attendance at my class sessions was
downto ... aslow as 50% of the class. . .. | also noticed that my
interaction with the class was down. | still posed questions to the class
and used them to start discussions . . . .

After a few more weeks of this approach, two students approached me
after class and said, in effect, 'Dr. Roberts, this class is boring. All we do

IS go over the transparencies, which you have already handed out. It's
really easy to just tune outAfter my ego recovered, | asked whether they
thought they would get more out of the class anchbee engaged |

scrapped the transparencies and used the chalkboard instead. Both said
'ves." For the rest of the semester, . . . no transparencies in or before class,
attendance went back up to traditional levels, the class became more
interactive . . . [Reis 2006 #689 (emphasis added)]

Availability of the record, in the form of paper, also freed readers from ideological

shackles inherent in oral (and therefore, non-private) cultures:
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Reading with the eyes alone [that is, silently rather than aloud, but
inclusiveof the reader's intellectual resources] and written composition
removed the individual's thoughts from the sanctions of the group,
fostered the milieu in which the new university and lay heresies of the
thirteenth and fourteenth centuries developed.

[Saenger 1999 137 (annotation added)]

In the second half of the fifteenth century, the privately read aristocratic
manuscript book became the principal medium for disseminating ideas
justifying resistance to royal authority, much as the Lia#iotati of the
fourteenth century had provided a medium for those advocating resistance
to papal authority.

[Saenger 1999 146]

The benefits of the record form (paperpobnuntiatioalso placed new burdens on the

learner, as does any new technology:

Basic changes in book format might well lead to changes in thought-
patterns. To handle printed reference works, for example, readers had to
master certain skills that are now considered rudimentary but were
previously esoteric . . . 'the reader must learn the alphabet, to wit: the order
of the letters as they stand.' ... memorizing a fixed sequence of discrete
letters represented by meaningless symbols and sounds had been the
gateway to book learning for all children in the West.

[Eisenstein 1979 89]

Not surprisingly, as new personal skills had to be learned to engage the new media,

traditional skills grounded in oral culture were lost:

As learning by reading took on new importance, the role played by
mnemonic aids was diminished. Rhyme and cadence were no longer
required to preserve certain formulas and recipes.

To the familiar romantic theme of the Gothic cathedrals as an
‘encyclopedia in stone,' Frances Yates as added a fascinating sequel. Not
only did printing eliminate many functions previously performed by stone
figures over portals and stained glass in windows . . . also affected . ..
objects in imaginary niches located in memory theatres.
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Printing made it possible to dispense with the use of images for mnemonic
purposes and thus reinforced iconoclastic tendencies already present
among many Christians.

[Eisenstein 1979 66-67]

Even the imaginary figures in memory theatres described by Frances
Yates did not vanish when their mnemonic functions were outmoded, but
received a 'strange new lease on life." They provided the content for
magnificent emblem books and for elaborate Baroque illustrations . . .
[Eisenstein 1979 68]

Reading a written record reduces reliance on memory, and thus can lead to deterioration
of memory skills. Just as many are skeptical of displacing paper money and checks by
electronic banking and financial transactions, one can similarly imagine, in an oral
culture where memory was of pre-eminent importance, the fear engendered by reading

practices which neutralized function and benefit of memory:

Theuth presents his discovery [writing] to the pharaoh Thamus:

To him came Theuth, and revealed his arts, saying that they ought
to be passed on to the Egyptians in general . . . When it came to
writing Theuth said, "Here, O king, is a branch of learning that will
make the people of Egypt wiser and improve their memories; my
discovery provides a recipe for memory and wisdom."

But the king answered and said, "O man full of arts, to one is it
given to create the things of art, and to another to judge what
measure of harm or profit they have for those that shall employ
them. And so it is that you, by reason of your tender regard for the
writing that is your offspring, have declared the very opposite of its
true effect. If men learn this, it will implant forgetfulness in their
souls: they will cease to exercise memory because they rely on that
which is written, calling things to remembrance no longer from
within themselves, but by means of external marks; what you have
discovered is a recipe not for memory, but for reminder. And it is
no true wisdom that you offer your disciples, but only its

253



semblance; for by telling them of many things without teaching
them you will make them seem to know much, while for the most
part they know nothing; and as men filled, not with wisdom, but
with the conceit of wisdom, they will be a burden to their fellows.

Thus learning is equivalent to remembering, and the mission of the
memory is to permit access to the world of ideas . . .
[Martin 1994 91]

Consideration of the cognitive effects of the transition to the new media of written
inscription on paper from the traditional "recording media" of memory (oral culture)
might shed light on corresponding changes in meaningful learning through reading and

writing inherent in the transition from paper to digital media.
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Human-computer interaction (HCI)

HCI textbook chapters may be categorized according to disciplinary sources:

(1) Theory grounded in education, educational psychology, and cognitive

psychology

(2) Theory grounded in neurophysiological, perceptual, and medical knowledge
(3) Theory grounded in computer science (including "visualization")

(4) Empirical principles, applied engineering observations, lore, tips, techniques,

and reports of experimental work
(5) "Human Factors" literature (including "ergonomics")
(6) Reports of behavioral research, user studies, and needs assessment

Recognition of these partitions is important because (3), (4), and (6) have gradually crept
into the domain of information studies and thus are among the writings examined in the
next Part, whereas (1), (2), and (5) are appropriagewasesof Stage Il analytic criteria.

As intimated, (2), the technical literature of physiological and medical knowledge that
bears upon the interface between perceived objects and human understanding is beyond
the reach of this project. Thus, this chapter draws primarily on (1) education and
psychology literatures, (3) visualization (although only superficially) and (5) human

factors literature.

Proceeding as before, Ausubel is taken as the point of departure, then complementary
amplifying concepts are sought from education, educational psychology, and adjacent

literatures, setting aside category (4), evidence compriseovofoclaims, techniques,
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reports of applications and experimental work not grounded in psychology, linguistics, or
cognitive theories, category (2) medical literature, and category (6) because behaviorist

approaches are often dissonant with Assimilation Theory.

With this, exploration of the HCI literature may begin for Stage Il analytic criteria.

Perhaps the most prominent textbook in HCI studies is Designing the User Interface,
currently in its fourth edition [Shneiderman Plaisant 2005]. Shneiderman, of the
University of Maryland, introduced himself in 1993 as a constructivist educator interested

in meaningfulness in learning

While | appreciated the wisdom of and was influenced by many great
educators such as Dewey, Bruner, Piaget, and Papert . . . | have made my
own synthesis ...

| have tried to describe this philosophy of education with the two-level
phrase 'engagement and construction." At the classroom level, students are
engaged with each other in an active way to construct something
meaningfuland substantial. [Shneiderman 1993 (emphasis added)]

Despite these promising statements, the book offers little more than scattered references
to theoretical claims grounded in psychology, education, or cognitive science. Those
articulated are isolated and strangely inconspicuous in the remainder of the text,
comprised mostly of descriptions of observations, lore, tips, techniques, and reports of

experimental work.

We turn, instead, to an alternate text, Designing Interactive Systems by Bxtraton
[Benyon Turner Turner 2005]. In Benyamne finds teachings consonant with

Assimilation Theory, in particular, Novak:

Psychology is the study of how people think, feel, and act.
[Benyon Turner Turner 2005 21]

Human beings do three things: they think, feel, and act. [Novak 1998 12]
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Specifically, Benyon's instructional objectives align with Assimilation Theory's interest

in the learner and their meaningful learning:

Being human centered is about putting people first; . ..
it is about what people want to do rather than what the technology can do.
[Benyon Turner Turner 2005 14]

Benyon begins where Assimilation Theory expects, with cognitive psychology as

foundational theory for human-computer interface (HCI) research:

If we are to design and build usable interactive systems, we must
understand something about the capabilities of people -- us -- and
psychology is the discipline which has been primarily concerned with
understanding people. Consequently psychology, specifically cognitive
psychology, has been a very important part of the theoretical foundations
of HCI.

[Benyon Turner Turner 2005 99]

From this baseline, Benyon provides an accessible framework specific to HCI theory:

As cognitive psychology is an enormously large subject area, we have
selected four of the most relevant aspects for discussion. These main
elements of cognitive psychology are:

(a) memory; (b) attention; (c) visual perception; and (d) mental models.
[Benyon Turner Turner 2005 97]

(a) Memory as one of the five Divisions of Rhetoric, has already been acknowledged as
an element of an extended Assimilation Theory. Benyon underscores the notion that
constructing knowledge, as memory, is not a passive event but rather one requiring

cognitive labor:

Secondly, memory is not a passive repository; indeed it is quite the
reverse: memory comprises a number of active processes. When we
remember something we do not simply file it away to be retrieved
whenever we wish. For example, we will see that memory is enhanced by
deeper or richer processing of the material to be remembered.
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Fourthly, memory can also be seen @sm@structiveprocess. Bransford,
Barclay and Franks (1971) were able to show that we construct and
integrate information . . .

[Benyon Turner Turner 2005 353 (emphasis added)]

(b) Attention Benyon recognizes an important characteristic of attention:

Attention can belirectedat [focused on oned particular task and/or
dividedbetween a number of different tasks
[Benyon Turner Turner 2005 108 (annotation added)]

Benyon provides an exposition of conventional wisdom as to how attention works:

How attention works

Historically there have been three different kinds of models (that is
accounts of how attention works) . . . which do not agree with each other
[1] single-channel [whereby] there is a mental switch or filter which
selects material either to be ignored or to which we pay attention . . . not
widely accepted today

[2] limited amount of processing power at our disposal . . . referred to as
allocation models

[3] controlled and automated processing . . . controlled processing . . .
involves consciously directing attention . . . automated processing . . . is
not subject to conscious awareness

[Benyon Turner Turner 2005 108 (annotation added)]

Later in the book, Benyon describes the "most important” factors that affect attention:

stressors (stimuli which cause stress) . . .
mental workload
[Benyon Turner Turner 2005 375, 378]

Stress appears to be comparable to distressing ignorance [Buckland 1991a], constructive

discontent [Adams 1974 77], and similar intellectual conditions that give rise to physical

sensations and percepts that are triggered by the condition of inad#igpasstio(see:

What is curiosity? See also What is paying attention?, below).
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Measurement of mental workload is comprised of evaluation of several contributing
factors, mental demand, physical demand, temporal demand (time pressure), performance
(degree success achieved), effort (how "hard did you have to work mentally"), and
frustration level [Benyon Turner Turner 2005 379]. Although Ausubel does not use

precisely these terms, these factors are acknowledged throughout Assimilation Theory.

Benyon recognizes a principle overlooked by many:

people are part ofsystems

This principle obtains in all intermediation, not only to human-computer interaction. Yet
Benyon acknowledges the need to emphasize it because automation of engagement with
texts has focused on technology, displacing concern for the cognitive capacities and

limitations of the human learner.

Benyon not only states the principle, but integrates it into his view of applied work, e.g.,
exploration of measurement of mental workload and cognitive work analysis (CWA) (see

also: Why is thinking difficult? Mental workload):

Cognitive work analysis (CWA) has evolved from the work of Jens
Rasmussen and his colleagues (Rasmussen, 1986, 1987; Vicente and
Rasmussen, 1992) originally working at the Risg National Laboratory in
Denmark. .. ..

One principle underlying CWA is that when designing computer systems
or any other 'cognitive artifact' we are developing a complete work
system, which means that thgstem includes peopdad artificial

artifacts. Seeing the whole as a work system enables designers to
recognize that this system is more than the sum of its parts; it has
emergent properties.

[Benyon Turner Turner 2005 383 (emphasis added)]

Benyon's third element, visual perception (c), is one of the most evident aspects of

human-computer interfaces. However, the psychological and cognitive issues of visual
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perception and processing are beyond both Ausubel's scope and beyond the reach of this
report. Nevertheless, an in-depth treatment of psychological theory underlying

visualization is critically relevant and thus must be among topics of future research.

Benyon describes (ahental models terms comparable to the definitiondi$positio

A mental model is a cognitive representation of our understanding . . .
may have a structure; it is larger and more complex than knowing a fact.
[Benyon Turner Turner 2005 127]

This conceptualization, except for the tengpresentationcoheres with the Assimilation
Theory notion of mental models elsewhere in this Part (see: Spedispaditio

Idealized cognitive models). From Norman (1983), Benyon finds:

1. The user's mental model is developed through interaction with the
system

2. The designer expects the user's model to be identical to the design
model;

3. But the designer does not communicate directly with the user . . . the
user will end up with the wrong mental model
[Benyon Turner Turner 2005 127]

Norman further observes that mental models:

Are incomplete;

People's abilities to 'run' (or try out) their models are severely limited.
Are unstable -- people forget details.

Do not have firm boundaries: similar [models become] confused.
Are unscientific, exhibiting 'superstitious' behavior

Are parsimonious . . .

[Benyon Turner Turner 2005 127]

The position has been taken early in this report that the study of concepts, while not

susceptible to conventional scientific measurement, is nevertheless instrumentable and
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sufficiently real to learners and inquirers that scholarly study is justified. Each of the
elements cited by Benyon may be seen as consonant with Assimilation Theory, including
the 'superstition' element, which is meaning that people construct, although perhaps

without the benefit of contemporary scientific knowledge.

Benyon surveys other theorists' principles of mental models and then undertakes an

empirical investigation of them.

Benyon provides an "introduction to cognitive psychology" (chapter 5) in which the so-
called "human information processing" paradigm is presented that likens human thinking

to computational machinery:

Most importantly, cognitive psychology has given us the information
processing paradigm which draws very strong parallels between the
functioning of the brain (or mind) and computers.

[Benyon Turner Turner 2005 100]

Benyon immediately and forcefully disclaims it:

Human information processing [HIP]. &acepopular means of
characterizing human cognition whidrew heavily on a simplified model
of the major constituents of a computer. . ..

While the human information processing account of cognition proved to
be popular both within psychology and in the early years of human -
computer interaction, this popularity has diminished dramatically in recent
years, for the following reasons:

It is too simple -- we are much more complex and cannot be represented
meaningfully as a series of boxes, clouds and arrows. Human memory is
not a passive receptacle; it is not analogous [to] an SQL database. Itis
active, goal-directed and multi-modal.

HIP arose from laboratory studies. The physical and social contexts of
people are many and varied and conspicuous by their absence from these
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diagrams.

These models are very clearly incomplete as they omit important aspects
of human psychology. . they also fail to notice that we have bodies.
[Benyon Turner Turner 2005 130 (annotation added)]

(see also: Role of memory in extended Assimilation Theory, above.)

Benyon presents alternative perspectives that have gained credibility over the last decade,
one of which is the embodiment theory of thought and language as propounded by Lakoff

and others (see: Basiventioand abstradhventiq above).

Embodied interaction, which is the design of technology that recognizes
that we are embodied, i.e., we are not merely cognitive systems from our
senses, processing that input and creating motor actions as output. To be
embodied is to recognize that we have physical bodies which have
evolved and are adapted to a range of activities. Two perspectives on
embodied interaction . . . are ergonomics and collaborative virtual
environments

Murrell (1965) defined ergonomics as the scientific study of the
relationship between man and his environment. . . . Ergonomics is multi-
disciplinary, drawing on anatomy and physiology, various aspects of
psychology . . . physics, engineering [etc.]
[Benyon Turner Turner 2005 163-164]
Benyonet al does not, unfortunately, lay out psychological principles from which
ergonomics derives, but pays homage to two themes that have gained traction in recent

years, situated action and distributed cognition.

Benyonet al venture into another topic important in Ausubel's Assimilation Theory, the

notion offorgetting

How and why do we forget
.. . key distinction, namely the difference between accessibility and
availability. Accessibility refers to whether or not we are able to retrieve
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information which has been stored in memory, while the availability of
memory depends on whether or not it was stored in memory [i.e., whether
the concept was evi&nown i.e. stored, in the first place]

.. . perhaps the oldest theory is decay theory which argues that memory
simply fades with time . . . Another account is displacement theory which
[holds that] . . . working memory is limited in capacity . . .

[Benyon Turner Turner 2005 358-359 (annotation added)]

Benyon's book complements Assimilation Theory's approach to other topics, including
cognitive load (see below), distinctions between recall and recognition, and Fauconnier
and Turner's ideas of metaphor and blending, and is thus more useful as an HCI source of

Stage Two criteria than Shneiderman.

Returning, for a moment, to taxonomy of mental models, Khella contributes a

classification:

Mental Models in HCI:

Several theories exist relating different models of users, designers, and
systems. They proposed four basic models of models that affect the way
users interact with a system which &lger's model of the systemhich is

the model constructed at the users' side through their interaction with the
target system, thgystem's model of the usehich is the model

constructed inside the system as it runs through different sources of
information such as profiles, user settings, logs, and even errors. The third
model is theconceptual modedhich is an accurate and consistent
representation of the target system held by the designer or an expert user,
and the last model ihe designer's model of the user's modeich is

basically constructed before the system exists by looking at similar
systems or prototypes or by cognitive models or task analysis.

[Khella 2002]

from which one might derive an Assimilation Theory-consonant taxonomy:

(1) the inquirer's mental model of the subject matter
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(1(a)) the inquirer's mental model of the intermediation system

(2) a system's model of the inquirer's mental model of the subject matter
(although this can only be a mental model if "the intermediation system" is

human, e.g., a reference librarian)

(3) an external-to-the-learner conceptual reference structure (mental model) (and
distinct from a linguistic expression of the mental model) sufficiently rich
to perform as a source model to project isomorphically concepts and
relations to inquirer's target mental model (this reference set model can
only be within the inquirer

(see: 1.1 Concepts missing (relative to a reference structure); Gaps).

(3(a)) an external representation of (3)

(4) a systendesigner'snodel of the user's model
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Evidence that a learner has constructed meaning

In Part 1.1, (see: Instruments associated with Assimilation Theory), the question, "What
evidence is accepted in Assimilation theory that a learner has successfully constructed
meaning?" was posed. In the context of a classroom setting, Ausubel's primary focus,
various devices (concept maps, examinations, etc.) are used to instrument a determination
(by teacher or learners themselves) as to whether the learner has constructed particular

concepts.

The notion of evidence of new meaning can be unpacked fu@wnprehension.e.,
the construction aneaning(relations) amongventiothat formdispositiq the presumed

goal of meaningful learning, may be regarded as an event with two elements:

(1) acognitivechange occurs (a relation established, a gap filled, a path
completed) (see: An explanation is a conceptadi that displaces a

cognitive question, and Recognizidgpositioas explanatory),
and

(2) a feltsensatiorthat displaces the distress of inadequi&positiq e.g.,
feelings that are associated with various expressions such as , "Aha, | get

it." or "Eurekg | understand it." (see: Tlurekalevent).
Taken together, these indicate thement of conception

Detection of each (cognitive change and felt sensation) can be accomplished through the

instrumentation described in Part Il.1, e.g., using concept mapping techniques.
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Continuous derivations

Thus far, derivations have been considered primarily serially:

pronuntiatio=> elocutio=> inventio=> dispositio

and

inventio=> dispositio=> elocutio=> pronuntiatio

Indeed, these forms are particularly relevant to meaningéeiptionlearning, which is
concerned with a learner's receiving and assimilating concepts expressed by others.
However, one should not be left with the impression that assimilation is wholly linear.

Ideas stimulate other ideasCompare the derivations

elocutio=> inventio=> dispositio

and

inventio=> dispositio

with the iterative structure of continuous derivations (Figure 11.50).

Continuous derivation of meaning encompasses subsumption, progressive differentiation,
superordinate learning, integrative reconciliation, and transfer with its underlying
processes of selection of soutdispositioand subsequent isomorphic mapping and

isomorphic projection to targdispositia

The ongoing construction of new relations, i.e., new meaning, occurs largely

subconsciously and thus absent the deliberate control of the learner. Because these
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|ldeas stimulate other ideas (meanings)
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mental realm

deriving new
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further

s can evoke

further
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ideas stimulate
other ideas
motor

pronuntiatio

Origination from two sources:
Internal (existing ideas, blue)
External pronuntiatio,black)

Creation of new meaning (red)

Figure 11.50
derivations operate wholly within the intellectual realm, they often operate rapidly, below

the 100-millisecond threshold (see: Cognitive velocity).
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Meanings dispositig in this continuous construction of new meanings originate from
two sources: from externptonuntiatio(shown in black in Figure 11.50) and from prior
dispositio(ideas stimulate more ideas) (shown in blue). Continuous derivation of new

meaning can operat@thoutexternalpronuntiatia

We consider further, two variants of timernal form of continuous derivation:

Establishing a relation between timyentioresults in structuralispositioc That new or
modifieddispositiq being comprised of other relations to other concepgIitio can

evoke thosénventiq hence the

inventio=> dispositio=> inventio=> dispositioetc.

depicted by the red and blue arcs betwiegantioanddispositioin Figure 11.50.

Similarly, dispositiq being comprised of other relations to other concepts that can be, in

turn, associated with linguistic terms, sulibpositiocan evoke thoselocutia

dispositio=> elocutio=> inventio => dispositio

depicted as blue arcs fratdispositioto elocutioanddispositioto inventio(Figure 11.50).

Thus, new meanings, relations amamgentig can be stimulated (1) directly by a
dispositio(ideas beget other ideas), (2) by a teelocutio, or (3) by perceptual stimuli

from receipt oforonuntiatio.

Important to take into account is the readiness-to-learn principle whereby learners learn

an idea best at the moment that idea is important to them (see: Readiness to learn, 11.1).

The final result of continuous derivation, a sequendgevantiorelated to one another,

and demarcated by an initial endpoint and a terminal endpoint may, where it projects
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continuously upon a cognitive question, be regarded ag@anatorypath (see: An

explanation is a conceptyadththat displaces a cognitive question, below).

An example of continuous derivation

Let us attempt to observe a small number of iterations of continuous derivation and
attempt to trace eadhventioand eachelation to the nextinventioto the terminal point
in the path. Here is a story taken from [von Oech 1982]:

A few years ago, a city in the Netherlands had a refuse problem. A once-
clean section of town had become an eyesore because people had stopped
using the trash cans. There were cigarette butts, beer bottles, chocolate
wrappers, newspapers, and other trash littering the streets.

Obviously, the sanitation department was concerned, so they sought ways
to clean up the city. One idea was to double the littering fine from 25
guilders to 50 guilders for each offense. They tried this, but it had little
effect. Another approach was to increase the number of litter-agents who
patrolled the area. This was more of the same, that is, another "punish the
litterer" solution, and it, too, had little impact on the problem.

Then, somebody asked the following question:

What-if our trash cans paid people money when they put their trash in?
We could put an electronic sensing device on each can as well as a coin-
return mechanism. Whenever a person put trash in the can, it would pay
him 10 guilders.

This idea, to say the least, whacked everyone's thinking. The what-iffer
had changed the situation from a "punish the litterer" problem to a "reward
the law-abider" problem. The idea had one glaring fault, however; if the
city implemented the idea, it would go bankrupt.

Fortunately, the people who were listening to this idea didn't evaluate it
based on its practical merits. Instead, they used it as a stepping stone and
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asked themselves, "What other ways are there in which we can reward
people for putting their trash in the trash cans?" This question led to the
following solution. The sanitation department developed electronic trash
cans which had a sensing unit on the top which would detect when a piece
of refuse had been deposited. This would activate a tape-recorder that
would play a recording of a joke. In other words, joke-telling trash cans!
Different trash cans told different kinds of jokes . . . The jokes were
changed every two weeks. As a result, people went out of their way to put
their trash in the trash cans, and the town became clean once again.

There are some creative ideas that can only be reached through a stepping
stone or two. [von Oech 1982 59-60]

Tracing an instance of continuous derivation

Analysis of the derivations may begin with an initralentiq
We (a city in the Netherlands) have too much trash

A common relation of the "too muciniventiois thesolutionis preventionof thelitter

concept.
Too much=> [relation: reduction by preventiorp Mitigated state
This was applied tdoo much trash

Too much trask® [relation: reduction by prevention]

=> Mitigated state: little or no trash

This did not work. So thpreventionconcept was amplified with a concept commonly

evoked by city officialsenforcement
Too much trask® [relation: reduction by preventiom enforcemerjt
=> Mitigated state: little or no trash

This also did not work. Then someone challengeddtaction by preventiononcept,

offering an alternative:
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Too much trask® [relation: reduction by collection]

We do not know how he evoked the idea of replacing prevention with collection, bu

a common concept by city administrators to dealing with waste.
But obviously,
collection = [relation: paid for by city budge®# by city staff

would be too expensive at the rates proposed. A creative suggestion was to subst

paying city employeds collect litter withpaying citizengo do it:

collection = [relation: paid for by city budge# via coin device te> citizens]

=> by citizens

titis

tute

Although original in this context, we may speculate that an isomorphic projection wias

performed from the commercial world source ICMgtivating labor through monetary

compensatiomnto the target concephotivating citizens to perform labowith the

result of the isomorphic projection beimgotivating citizens to perform labor through

monetary compensationThe mechanical dispensing device is merely a clever projection

of theautomatic teller machinBCM onto the target concept ahonetary compensation

But that overaldispositiohad the same inadequacy as paying city staff to pick up thg

litter, theamountwas too expensive.

The terminal endpoint of the path comes with a simple algebraic substitution of

entertainmentn lieu of money a much less expensive-per-item-of-litter cost burden to

the city:

collection = [relation: paid for by city budge# compensation by
entertainment

=> citizens] => by citizens
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Thus, the finabispositioappears:

Too much trask® [relation: reduction by collectior>
[relation: paid for by city budge®
compensation by entertainmest citizens] =

by citizens]=> Mitigated state: little or no trash

This "final dispositid' is notthe trace of continuous derivation, but only an expression of
the terminal endpoint concept. The trace of the entire continuous derivation, i.e., the
explanatory path, is the whole of the narration in the box (beginning endpoint concept,

intermediate relations and concepts, and terminal endpoint concept).

Finally, the new meanings from this iterative process, which seem to emerge as if out of
nowhere, give rise to a felt sensation: A learner may suddenly experiEnceka
feeling, for example, in the shower or during sleep, realizing that a problem has been

solved or a connection made (also see What is incubation?).
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Exercises

1. Recollect a recent thought. Then attempt to remember the subsequent thought.

Attempt to identify the relation between the two such that the first idea begot the second.

2. Trace the explanatory path of your most recent conversation with another person.
Write, or depict in a concept map, the initial and terminal ideas discussed, then
intervening concepts. Attempt to identify the relations between concepts, that is, the

relation to the subsequent thought that caused the former idea to evoke the latter.
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What are reading and writing?

With the preceding description of each of the Divisions of Rhetoric objects, and the
processes through which they are derived, the 'big picture' of how these comprise
conscious-level activities of assimilating (reading and listening) and expressing (speaking

and writing), as well as thinking and interpreting, may now be approached:

Communication is comprised of

pronuntiatio=> elocutio=> inventio=> dispositio

(i.e., assimilating, as in reading and listening)

and
inventio=> dispositio=> elocutio=> pronuntiatio

(i.e., expressing, as in writing, speaking, and performing)

Figure 11.51

Not notated in this Figure is the occurrencéeration. Figure 11.50 illustrates iterative
derivations. In the remaining discussion and figures, iteration of processes is generally

not described nor illustrated, but its possibility is assumed.

Figure 11.52 illustrates how the Divisions of Rhetoric communications reference model
applied to cognitive analysis facilitates a constructivist examination of the intellectual
labor inherent in reading and writing (compare Figure 11.37). Figure 11.45 illustrates the
layer separations: mental, linguistic, and physical. Figure 11.49 depicts the specific types
of derivations among Divisions of Rhetoric objects produced as the learner-reader reads

and as the writer writes.
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Reading and writing are personal

In consonance with epistemological individualism, which underlies the constructivist
basis of Assimilation Theory, reading and writing involve the learner's unique experience
and thoughtand thus arpersonalto the learner:

How a reader assimilates a text is an eminently personal matter, involving
choice and a restructuring of what is written. ... Although writing is
necessarily presented as a succession of words, lines and pages designed
to be scanned in linear fashion from beginning to end, readers are none the
less free to discover that space as they wish. Better, they are not passive
when confronted with a text, and they need not necessarily accept its
values and ideas. [Gilmont 1999 232]

What is atext?

What is aext? Are the printed charactegg¢nuntiatig inscribed on a white paper page

or a CRT screethe tex? Is the ink itself, or screen pixels, teat?

Or, is the particular sequenceadbcutio(terms), independent of physical presentation,
the tex? For example, is the particular set of terms (actor's words, narration, speaker
designation, stage direction, act and scene delimiters and labeling, etc.) that comprise
Romeo and Julied text independent of whether printed on paper, acted aloud, or

presented on a computer screen?

Or, isthe texta reference to concepts evoked by a sequence of termdispesitiq
independent of the actual terms used? Is the Bible thetsatmeitten in German as in

English? The terms are different, but the ideas expressed are intended to be the same.
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Ah, but concepts are personal. One cannot be certain that a reader will evoke particular
concepts from reading. So, if one cannot satextis a reference to concepts evoked by

a sequence of terms" because different readers will evoke different meanings from the
same inscription, can one saytéxtis the conceptsmtendedto be evoked by the

author"?

Or, isa texta blend of all these?

Here one must recognize that the physical, conceptual, and purpose eleméexsarta
distinct. The terntextis polysemous, referring at various times to any of these senses.
Indeed, this ambiguity is at the heart of the need for the Divisions of Rhetoric
communications reference model: One must be able to distinguish which sense(s) of

is (are) intended.

In this essaytextis considered a synonym fdocumentthat is,elocutiq both having
substantially similar properties, senses, and purposes. Thus, the Bible (a structure of
concepts) rendered in German is a different text than the Bible expressed in English.
Beethoven's Ninth Symphony (a structure of concepts) notated for full Nineteenth

Century orchestra and choir is a different text than transcribed for piano.

Neither document nor text need be confined to alphanumeric characters of a so-called
"natural language," but are understood to encompass images and graphical objects, sound
objects, or tactile variants (e.g., [Tufte 1997 80]). Olfactory and even gustatory elements

of texts are conceivable.

An important property that differentiates reading and writing from other forms of
expression and assimilation is that they both involve the elemestaiation that is,

recordsthat provide for durability in tangible form over time. To achieve production of a
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record apronuntiatiomanifestation is indispensable. dacuments arecordedtext

[Footnote I1.7].

A text may exist irelocutioform only, absenpronuntiatiomanifestation, that is, never
inscribed, never articulated aloud, never recorded. In some respects, production of such a
text is the subject matter portion of the overall task of writing. Mozart is renowned for
having "written" his compositiona toto, prior to inscribing them on paper. Authors

often organize their ideas prior to producing a first rendering, and continuously

reorganize their ideas as they edit or re-inscribe.

What is the purpose of a text?
What does the texto? What does a book do? A document? A speech performance?

Ausubel holds that texts (should) organize presentation of ideas in a sequence in which
the learner is ready to assimilate those ideas (see: Readiness to learn, 11.1). The
responsibility of the text, or its producer, is to assure that, for presentation of any

particular concept, other concepts that are necessary for understanding the concept are
presented prior to presenting that concept. Often, understanding one concept is necessary
for understanding a second, and understanding the second is necessary for understanding
the first. The human method mitigating this predicament is partial learning of each, that

is, of their attributes, then to continue to learn attributes of each as they relate to the other.

Saussure presumes that writing is for no other purposedpagsenting spoken

expressions
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Language and writing are two distinct systems of signs; the second exists
for the sole purpose of representing the first. (Ferdinand de Saussure)

[Martin 1994 87]

One of the senses t#xt, above, alluded to an authari$entof their inscriptions.. As

alluded to elsewhere, the matter of semantentionof a text ¢lispositig, author's or

reader's, remains problematic in philosophy. An author may have expectations of the
ideas readers might evoke from a given text, and the author's ideas might or might not be

comparable to ideas any particular reader evokes.

Simon, theorizing about literary criticism, summarizes the issue of authorial intent, but

does not provide philosophical exposition:

A taxonomy of theories of literary criticism might derive from answers to
the questions: How is meaning attributed to the text? Does criticism
require us to ask what the author meant, what the text means, or what
meaning derives from a reading of the text?

For, assuming that we have a theory of "meaning" -- of the meaning of
"meaning" -- there is no reason why we should not explore what an author
intended when in the process of writing down certain waadgexplore

what interpretations of that sequence of words are consistent with the
syntax and semantics of the language (i.e., of the community that uses it),
andask what meanings various readers, with their various histories and
experiences, are likely to extract from it. All of these seem to be wholly
legitimate, if perhaps difficult, questions.

[Simon 1994]

The reader interested in foundations of authorial intentionality will not find them
described here, but might look, instead, to literary theory and, perhaps, philosophical

texts.

279



What is reading?

The sequence of derivations:
pronuntiatio=> elocutio=> inventio=> dispositio

may be described assimilating, i.e., constructing or deriving meaning from a tangible
object, pronuntiatig, whether visual text or image, audible image, or other form.

Common forms of assimilation paths aesadingandlistening(Figure 11.53(a))

Provocation by writtepronuntiatiq through perception of external visual manifestation

of natural language expressior$ocutiographic), of internal evocation of meaning, is
reading The ternreadingpolysemously evokes ideas of different types of activity. In
some contextgeadingrefers to the phenomenon of a learner constructing meaning from
iteratively recognizing graphielocutioand interpreting a text, that is, silent reading.
Separately, the termeadingis often used to describe the activity of recognizing graphic
elocutioand then producing audible sounds, i.e., reading aloud. Indeed silent reading and

reading aloud may be modeled differently:
silent reading:pronuntiatio=> elocutio=> inventio=> dispositio

reading aloud:
pronuntiatio=> elocutio=> pronuntiatio

or pronuntiatio=> elocutio=> inventio=> dispositio=> pronuntiatio

The difference in the two sequences for reading aloud is that in the first, the reader is not
comprehending the phrases he is performing, not paying attention, whereas in the second,

she is constructing meaning as well as performing aloud.
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Five Divisions of Rhetoric

provides tools
to analyze
Assimilation

What is
Assimilating?

derivation processes

-

pronuntiatio=> elocutio=> inventio=> dispositio

attributes

What are types of
Assimilating?

requires
type cognitive
component

Paying
Attention

type

Figure 11.53(a)

In reading aloud, the reader might or might not also be constructing meaning, depending

on whether he is attending (paying attention) to the task of constructing meaning, or

merely reciting. (Other types of reading are beyond scope here, e.g., the murmured

reading of the monastics in the early Middle Ages [Cavallo Chartier 1999 18].) Many of

the texts on reading theory and the history of reading curiously intermix these two
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primary senses of reading, meaningful reading and producing audible performances.
Concern here is confined to reading that leads to the learner's construction of meaning,

the presumedaison d'étrefor silent reading.

There is more to conjuring sentence meaning than mere concatenation of term or word
senses. Consider the following events, common in everyday life: a learner engages a
tangible documentary objeqirbnuntiatio, say, a newspaper or web page. She
recognizes terms and imagegcuto (percept, e.g., graphic and phoraog associates

them with previously negotiated intersubjective meaning (as through vocabulary training,
dictionary use, or conversation) to evoke general conceptn{ig. More complex
meanings are then derivedigpositi by recognizing and establishing relations between
elements of the new ideas and elements of the learner's prior knowledge. That is, the
reader must apply syntactic, grammatical, and semantic systems to the individual terms

and expressions perceived from a document to construct meaning from whole texts.

Miller describes understanding through reading in this way (Figure 11.53(b)):

... [L]et us say that you understand a sentence if you know the conditions
under which a person would use it. [Miller 1993 364]

| felt I was doing something constructive when | read. . .. One way to
characterize the change that occurs in reading, therefore, is to say that you
construct an image as part of the process of understanding the passage. |f,
after putting down the book, you were asked to repeat what you have read,
you would probably not be able to repeat it verbaghodutid.

Nevertheless, you could reactivate your memory imdgp@sitiqg and

describe it . . . [Miller 1993 358 (annotation added)]

If the reader-learner has derived multiple possible meanings for a sentence or paragraph,
her next task is to select those that she will consider valid, to be believed, or intended by

the author, or selected for some other reason:
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Now consider models from the reader's point of view. Initially, the
reader has a very general model if he has any at all. The reader is given,
not a model, but a text, a string of descriptive sentences. He must discover
a model that is compatible with those sentences -- a model that includes
the author's model [or not] .. .. Then his task becomes just the reverse of
the author's: a reader uses the true descriptive sentence to select a model
(Cushing, 1977) [Miller 1993 362 (annotation added)]

What are types of

Assimilating?
requires
type type  cognitive
compone

What is
meaningful reading?

derivations of i

Projecting new

: Selectin -
Constructing meaninggs |dea_15t_upon
one or more the o the existing

meanings knowledge

further use

(assimilation)

Figure 11.53(b)
Thus, reading may be hypothesized as a continuous isomorphic mapping and projection
between the new ideas derived from the text and the reader's ICMs which organize the

newly encountered concepts, that is, sense-making.

Miller's perspective is consonant with the main tenet of Ausubel's Assimilation Theory:
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The need to understand how peaglate new ideas to old particularly
acute in the psychology of reading. ... What happens as we read a
descriptive prose passage? [Miller 1993 358 (emphasis added)]

Why is reading difficult?
Meaningful reading is:
pronuntiatio=> elocutio=> inventio=> dispositio

Why might performing this derivation be difficult?

What are types of
Assimilating?

type

attribute attribute

Why is
reading difficult?

Pronuntiatia
perception
impaired.

Pronuntiatio
=> elocutio

Figure 11.54(a)
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Sources of reading failure may be found at any point in the sequence of derivations of

objects of the Divisions. Nevertheless, performing the itemization is an important step

toward better recognition of factors that underlie failure modes. Here, the task is only

begun. Thorough collection and classification of failure modes is left as future work.

Pronuntiatia perception impaired. First, if the reader's perceptual (physical sensory)

resources are impaired, especially vision, he may be unable to perform derivation of

pronuntiatio=> elocutioaccording to norms, or at all.

affected b

Pronuntiatia
perception
impaired.

Pronuntiatio
=> elocutio

Linear text
might require

non-linear eye
path

Unfamiliarity
with
vocabulary

Unfamiliarity
with character
set or term set,
or spellings

Shape _ Unfamiliarity
recognition with grammatical
- forms and
function

Figure 11.54(b)

Why is
reading difficult?

affected by  affected by

Elocutio=>
dispositio
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Pronuntiatio=> elocutioderivation is the process of provoking the reader to recognize

sets of terms of a (so-called) "natural language" such as any dialect of English, French, or
Chinese, or other systems of expressions such as mathematical language, Labanotation

(for dance), architectural drafting. Reading is obstructed if he cannot.

Linear text might require non-linear eye path. Character-based texts, though linear,

might nevertheless demand that the reader's eye follow a non-linear path.

[W]riting and reading . .. includes complex projections and social
conventions that we take for granted. For example, to read a book in
English, we must map speech in time onto linearly ordered locations from
left to right horizontally on the page, and understand that at the end of the
line, the speech jumps back to the beginning of the next line, and that
turning the page (the commonest action we take with a book) has no
counterpart in the speech space.

[Fauconnier Turner 2002 210]

In reading question sentences (especially aloud), one must notice both the interrogative at
the beginning of the sentenaedthe "?" at theend Recognition of the question mark at
the end of the sentence prior to performing the sentence orally is necessary to achieve the

interrogatory inflection correctly.

Inflection (which is not generally reflected in the tpet se)is nevertheless meaningful.
Perhaps a good reader performs a "quick read" before a more detailed reading. If so, how
does that enable the reader to recognize context and those terms deserving emphasis?
What implications does it have for conjuring meaning, i.e., understaaltiogtio=>

dispositic?

Shape recognition. Fauconnier recognizes shape recognition of character sets as a hurdle

that most readers overcome with practice:
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A proficient reader ends up with a general competence for constructing
integration networksdispositid for writing and reading. The writing and
reading blend[s are] of immense cultural importance to us. [They] cannot
exist without the material anchors of distinctive marks on material
substances. But. .. these material anchors depends on a very powerful
prior conceptual blend that compresses a certain infinity of marks [for
example: ] (boyboy, boy, boy, Boy BOY by, . . . ) into a single entity,

the written word "boy" . . . [Fauconnier Turner 2002 210]

Unfamiliarity with character set or term set, or spellings. More frequently, a reader's

physical perception may be performing normally, but they may fail to recogloizetio
as a meaningful term on account of unfamiliarity with either the linguistic system's
character set or its set of graphical character clusters that represent terms. As well, they

may fail to recognize spellings of terms.

Elocutio=> dispositio Processes and sub-processes of meaningful reception learning.

Unfamiliarity with grammatical forms and function. Meaningful reading requires the

reader to be able to recognize forms of terms that cue grammatical function, such as the

effect upon meaning of declensions of adjectives or nouns or customs of word order.

Unfamiliarity with vocabulary. The reader's capacity for performing

elocutio(percepty> elocutio(semantic) derivations is often characterized as
vocabulary that is, one's ability to associate meanings with graphical expressions.
Inadequate vocabulary may contribute to the reader's overall difficulty. For example, in
mathematical language, if the reader does not associgfewtith the concept of
summation or @ with nullness, they will have difficulty constructing an understanding of

passages using those technical symbols.

Changes in vocabulary interpretation over time. Additional labor may be required to read

older texts because the older terms must be mapped into the contemporary text.
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Unfamiliarity with other term attributes. The reader's capacity for performing

elocutio(percepty> elocutio(semantic) derivations is potentially obstructed if they
cannot pronounce terms in the language, are unfamiliar with syllabification, or etymology

(especially for Latin-based terms).

Beyond the pitfalls readers encounter vatbnuntiatig elocutiq and their inter-

Divisional derivations, is a class of cognitive tasks of the kind more frequently addressed
in Assimilation Theory. These include the processes of relating new ideas to prior
knowledge, and include sub-processes such as surveying one's existing knowledge to find

inventiothat are candidates for relating to newentia

Why is
reading difficult?

affected by— _affected by~ affected by

Pronuntiatia
perception
impaired.

Elocutio=>
dispositio

Pronuntiatio
=> elocutio

adversely

affected by affected by affected by

difficulty with  difficulty with

Negotiation
of meaning
impossible

with an

Surveying
existing

Utilizing

inert text _knowledge to superordinate
identify potential themes expressed
for relations to in reading to
new concepts modify existing

knowledge

Figure 11.54(c)
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Recall Ausubel's list of the tasks in meaningful reception learning see (Figure 11.54(c)):

New meanings, in other words, dhe product of an active, integrative
interaction between [1] new instructional materials and [2] relevant ideas
in the learner's existing structure of knowledge. The conditions of learning
presuppose additionally the existence of a [3] meaningful learning set in
the learner and of potentially meaningful learning materials.

[ARK 40 (numerals inserted)].

Negotiation of meaning impossible with an inert text. Readers, and listemecoafed

pronuntiatig have the disadvantage of having no opportunity for active negotiation of
meaning with the inert (recorded) text nor the writer who authored it. The reader can, at
best, recognize alternative senses and select from among them according to criteria they
consciously select. Explicative editing and annotation of a document, in some sense,

parallels the notion of "having a conversation" with the document.

Surveying existing knowledge to identify potential for relations to new concepts. In

terms of meaningful reading, successful sense-making requires not only (1) constructing-
selectingnventioas a surface meaning of a text, but also (3) derivingdigpositio

(relating) that surface meaning according to ones exidisgpsitio This "integrative
interaction” requires the reader's capacity to survey theirdispositioto ascertain

where opportunities lie to relate the surface meanings to one's exisipogitio
Dispositioobjects are complex, having many concepts and relations among them. Booth
et al.differentiate some of the tasks a reader performs to prepare to relate new ideas to

their existing knowledge:

Step 1: Become familiar with the geography of the source
Step 2: Locate the point of 