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���
���	� �	���
���� �� �"�	� 	� ��� ������� �	
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� ��� .	
� ����
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� ����
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	���
 ����
������ �
	��
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����� 	� �"��#(���
�"��#(�� ��������� ��� !���
���;���	� �
� N�		�O �
����	
����	�
7����� ���� ����
 ���� �
$�
��
!����������� ����	!�!�!��������
� ������
����	� �� ��� ��#����� ���� ������� ��� �
������ 	� ��� ������	�� ���
"����� �
� ��
�����
��

��$��	 ���� ��	 ����6�	�� �	����	��	� ��� �� 8��	� ��	)���� �� ��	 �����	�	�	��
����	��7 �� ��	 ��	 ��	�	�� �	����8 �� R�����	�	�	��S�



20 � #$ �  !�

�"��#(�� ������ 	� � 6�������
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������� �
�
	������� ����� �
� ��� �	������ ������ �
��������� ��"��#(�� �� N���
�	���� �
������ ������O� =������� �� �������� �� ��"��#(��� ���� ����
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ELSE M. BARTH

A FRAMEWORK FOR INTERSUBJECTIVE
ACCOUNTABILITY: DIALOGICAL LOGIC

Although dialogical logic — or, dialogue logic — offers a radical change in
most concepts of logic, papers have usually dealt mainly with its abstract features.
The present exposition wants to emphasize its enormous potential for practical
logic. For this purpose it is necessary to distinguish dialogical logic both from the
group of post-medieval traditional logics and from modern (roughly, twentieth-
century) logics. Dialogical logic offers a complete re-modelling of the latter,
whereas traditional logics are not amenable to remodelling in dialogical terms.
This paper brings a theoretical survey of dialogical/dialogue logic and reviews its
categories in terms of their traditional predecessors, delving into the history of
ideas for a deeper assessment of the importance of this framework. A study of the
history of ideas concerning logic provides insight in the need for logical instru-
ments that take human dialogue openly into account.

Each section opens with a survey of the titles of sub-sections, which may be
used as an extension of this summary.

I. Critical dialogue – on a backdrop of “Being”?

1 ONTOLOGY AND ACCOUNTABILITY

A plea for applied logic? — Critical discussion — Anti-parliamentary philosophy
and the logic of impetus — Accountability — Semiotics according to strong elitism
— Being — Knowledge and the bearers of Logos — Confidence, certainty and
intuition — Criticism and reflection of the General — Two-ity and opposition —
Negation

1.1 A plea for “applied logic”?

Practical logic is the topic of this book and the nature of dialogical logic the topic
of this survey. We may therefore disregard metalogical studies of a mathematical
kind, as well as the professional interests of mathematicians. Only when mathe-
matical ideas touch — as they often do — on practical notions and interests shall
we mention them.1

Nevertheless, there is as yet no point in going directly for applied logic. The
concept is not yet really meaningful: which logic? The science of logic first has to
become applicable, which in more senses than one it still is not. Under the present

1Moore and Hobbes [1996] may be mentioned here.
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circumstances — as discussed in Albert’s sophisticated 1996 paper on frameworks
— logic still has to be made applicable to international dialogue.

A few years ago the slogan: “Keeping the discussion going” was launched as
a philosophical imperative (Rorty). It is a fine slogan. However, saying it is not
enough and should not be the last stage of philosophy of any kind. In order to
enhance the chances that, little by little, discussions will become progressively
more frequent, effective and global, instruments for discussion must be improved,
extended, developed.

1.2 Critical discussion

Critical discussion is a subcategory of dialogue. In any century a great number of
persons have eagerly pursued “rational” discussion with other minds. Though they
must have felt that not all arguments are acceptable, in earlier centuries there never
was any clear and systematical link between “rational discussion” and “logic”.
This meant that even in our own century logic — whether understood as deductive,
constructive, two-valued, or whatever — could be and often was (mis)understood
as a serious stumbling-block to the dialogical project. Conversely, this seemed
to justify a continued view on “Logic” — the one and only — as representing
“higher” ambitions and objectives. Logic was, ipso facto, unsuited to practical use.

Here we have localized one of the several motives behind anti-parliamentary
philosophies.

The spirit of dialogue logic may seem closer to that of justice and legal rights
than to theology or mathematics. However, in dialogue logic no accusation of
guilt is involved, and it may therefore be better still to take political and scientific
parliamentarism as sources of orientation.2

1.3 Anti-parliamentary philosophy, and the logic of “impetus”

Between parliamentarism and the Logic of Being there is an inverse relation.
“Logic is for us to questioningly review the Grounds of Being, the very abode
of questionableness,” said Martin Heidegger, a member of Hitler’s NSDAP party
since 1933, in 1934. Heidegger definitely does not connect logic with criticism
by political opponents. Academic freedom, he said in 1933, must be cast off, it is
“only negative” [Kiesewetter, 1996, p. 268]. The same inverse relation is found
between parliamentarism and the philosophy of Imperial Minds in Intuitionism, a
philosophy of mathematics deriving from German idealism and sporting an anti-
dialogical epistemology of “the Creative Subject” (Brouwer).

2Jean-Paul van Bendegem and Jan Albert van Laar have kindly read and commented on versions of
the manuscript, and so has Ralph Johnson. The responsibility for omissions and shortcomings is my
own. Henk Misset as well as my sometime co-authors Erik Krabbe, Jo Martens and Rob Wiche also
all deserve my personal acknowledgement in the present paper. I have chosen to use roman type for
pragmatical variables throughout.
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Sixty years ago the appeal to the intuitions of the Creative Subject was still
common in literature, mathematics and practical politics — a return to the me-
dieval logic of impetus (a term in medieval dynamics, standing for a hypothetical
force supposedly inherent in any moving body or development, and eliminated
from mechanics by Galileo (who was also a great debater) and Newton [Finoc-
chiaro, 1980].)

In matters of logic some authors see a dialogical development in the Middle
Ages, disrupted in the thirteenth century by the Goddess of Reason and the logic
of Peter of Spain. In Peter’s concept of Reason the key term is fides, meaning
confidence, trust [Ong, 1983, p. 65]. Other authors — Bird, Jaspers, Moody —
mention still earlier sources: Augustine and gnostic-neoplatonist patristics, Avi-
cenna, Boethius.

New, more practical forms of logical thought and behaviour have since devel-
oped in science as well as in parliamentary practice. Outside these fields of activity
the newer forms are not much used. This is in part due to a devotion to “pure math-
ematics” in mathematical-logical circles, in part to fundamentalist assumptions in
religion, theology, and politics. Logical theory was often systematized by thinkers
with a background in theology. The incomparable influence, even in this century,
of St. Augustine as a source of anti-dialogical reason mostly goes unrecognized.
An invitation to seek Understanding and Truth through introspection is found in all
divisions of theology, if not in all texts, and often in general philosophy as well. It
combines with an ego-centred semiotics as displayed in, e.g., the works of Leibniz
(see the study by Prior). In the eighteenth century a broader spectrum of logicians
became involved, but in the twentieth the systematization of logic became once
more dominated by pure (rather than applied) mathematicians demonstrating as-
pirations verging on the theological, often with roots in gnostic-type, interiorist
philosophies of mathematics.

However, the dialogical project in general philosophy is old, say some (referring
to Plato’s dialogues). It is new, say others. Its rebirth is sometimes set to the
beginning of the century, with a first culmination point in [Buber, 1923]. Buber,
however, was not a logician.

Why is it so important to adopt the dialogical approach in logic? In what kind
of connections is this particularly pressing?

Once a dialogical outlook is adopted, an abundance of theories and weird enti-
ties that once were called upon by logicians become demonstrably superfluous at
best, if not downright damaging to the project. Examples range from mathematics
to homeopathy and from linguistics to political thought.

1.4 Accountability

The dialogical approach, in anything called logic, means that the idea of account-
ability in intersubjective affairs is understood as the primary goal. This implies
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that debaters have obligations.3

Resistance to a new outlook will always be strong, and no less so where philo-
sophical dogma combines with positions of political power. A highly influential
part of our semiotic heritage is linked to the bloody dramas of our own century. It
is at war with that of critical dialogue:

1.5 Semiotics according to strong elitism

Strongly elitist systems of semiotical assumptions are those which distinguish
operationally between an elite and the masses or the people. This incorporates
semiotical dogmas of fascists, Nazis, revolutionary conservatives and commu-
nists. Members of the elite are those who co-operate with the development of
history/society, helping it forward by helping God create. Barring the highest
members of the elite, individuals are of little interest, the important units being
larger collection (totalities) and their spokesmen. A disagreement within the unit
is important only as a conflict of motives, interests or values. It is not scrutinized
as a conflict of avowed opinions. From pre-WW II elitism dates the expression
“negativism and criticism”. A critical attitude is a socially negative phenomenon,
being non-creative as well as lacking in solidarity: critical minds enfeeble the elite
in its creative activities. The political focus is on decision and on action; the mem-
bers of the elite are capable of creative decisions. This older concept of decision is
not taken from the theory of choice but from the philosophy of elitist spirituality.

Suggestion

Confronting the masses (political subjects, the non-initiated), the elite employs
suggestion. Those who cannot belong or do not yet belong to the elite should give
themselves up to its representatives and the prevailing order. One individual can
represent the elite as well as the interest of the masses.

“Being”

As the authors who recommend this strong elitism know it, philosophy is con-
cerned with the study of Being (ontology). Every norm, law, or theory, be it re-
ligious, physical or logical, has a firm ground (fundament) in Being. The ground
itself is “something”, i.e., Being has at least one substance — spirit, matter, or
energy — together with essences suspended in the substance. Into this ontology
the elite-mass ideology translates as follows: “Being” harbours ontological duality
which is reflected in a social duality. Extreme modes receive particular attention.
The frequency of “two” is high; in Europe as well as in China this is connected
with Yang and Yin. Statements about ontological polarities abound, with particular
emphasis on enemy-friend.

3Or, should imply. Lorenz and Barth emphasize obligations in addition to rights, whereas Krabbe
has pleaded for the conceptual sufficiency of the concept “rights”.
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The category pair statemental proponent-opponent is either absent from the dis-
course or else fallaciously reduced to that of enemy-friend. When history and soci-
ety are amenable to (divine) development, Divine Being is seen as the goal — also
of “Logic”. “Nothing”, or “das Nichts”, which is mixed into it, is an ontological,
not a dialogical notion. Any truly new step is, so the story goes, created ex nihilo.

1.6 “Knowledge” and the “bearers of Logos”

In every problem sphere one assumed the existence of fundamental laws (such as
the Law of the Ground itself). The light of the spirit allows the elite direct insight
into essences. By direct insight they discern what is general in every individual of
a given species. This esoteric knowledge is aspired to in the form fundamentally
self-evident to some, yet inter-subjectively valid insights. A member of the elite
has been given the gift of the spirit, is the bearer of Logos/collective thought and
therefore represents the Logical/collective consciousness. What is probably the
most systematic attack on this evidentialism comes from a logician [Beth, 1959a].

1.7 “Confidence”, “certainty”, and “intuition”

Until the twentieth century the set of basic epistemological categories did not nor-
mally include criticism. Verbal criticism and opposition was morally bad, a sign
either of destruction or of vacillation. Confidence (fides) and Certainty were ex-
pected and much appreciated attitudes, notably the certainty of “the Genius”. In
the elite, Knowledge is Wisdom. Trust is invested in what is old, classical. In
subjectivist versions of elitism the pure I (in the singular) may reach truth by “in-
tuition”, which is a matter of insight into the interior of the genius. The genius
intuits both “two-nesses” and “two-oneness” (both to be understood ontologically,
and not semiotically).

Among the components of Fascist and Nazi mind-sets is the emphasis on confi-
dence, trust, belief, and co-operation, both with authorities and with “the Tendency
of the World”. Critical debate was held in deep contempt.

1.8 Criticism and “reflection of the General”

The important verbs, in elitist epistemology, are to intuit, to judge, also called to
reason; in Logic, to be, to reflect (mirror). The science of logic then is a Logic-of-
being, or a Logic-of-the-spirit concerning the pure I, or both at the same time. The
elite’s reflection results in an image, i.e., it equals that which it reflects.

Members of the elite can discern “what is general — the essence, the type —
in an individual object, event, or case. There is an assumption of a general nu-
cleus in each and every “phenomenon”. The nucleus has been called by some an
indefinite, floating individual (Maritain), by others a logos-bearer (“logophore”,
von Freytag). An indefinite, floating nucleus and bearer of the Logos in question



230 ELSE M. BARTH

is taken to represent a “species” and all its members. The elite directly and surely
discerns generalities ranging from the Triangle — Augustine’s example — to the
Bantu, the Jew. For the genius and for the elite, the reflected image entails direct,
immediate, “intuitive” conviction.

No critical discussion is needed, we are confronted with a pre-judicium. The
only further step is to (re-)present the image to a passive audience, by suitable
means: anecdote, legend, or myth. In this process only the intuiting logos-bound
mind, now in the role of reporter, is at stake, and no one else. Members of the elite
may themselves be understood as personifications of the logophore in the People
(this is a part of the logic of fascism, too).

Does this indicate that long before Watson and Crick the intellectual tradition
had already grasped the importance of DNA and inherited traits? Triangles are not
in the possession of DNA, hence this cannot be the explanation.

1.9 “Two-ity” and “opposition”

The concept two is, however, dominant as well. One attempts to reduce all non-
hierarchical relations to equality and difference, both binary and symmetrical. Hi-
erarchical order is the one and only acknowledged kind of asymmetry; this makes
for an enormous emphasis on hierarchical notion, also in semiotics. Dynamics is
provided by an ontological-conceptual category called “opposition” or ”contradic-
tion”.4 This category, which is usually understood antagonistically, was funda-
mental and remained undefined. Difference, fraction, opposition, relation, rela-
tivity, even conflict are still taken as synonyms by many who write on philosophy
or on practical matters. A distinction between antagonistic and non-antagonistic
opposition is sometimes found, but not often. The ontological theory of change
and development, called dialectics, starts from the assumption of two antagonistic
somethings and involves a stride, a gradual or ultimate union of the two, and a new
birth.

1.10 Negation

A slow change can be discerned. Many publications connect negation with dia-
logue, as perhaps the most dialogue-based of all logical categories (cf. [Apostel et
al., 1972; Apostel, 1972; Hoof and Hoepelman, 1991; Wiche, 1993; Hoof, 1995 ].
This was not always so. Ontology-based logic features “negation of Being(s)”;

negation in thought or in language is then usually treated as binary, resulting from
an opposition in Being, hence close to ideas of annihilation.

This makes for a weak use of “not” in verbal intercourse; in full harmony with
the morals of co-operation with the development of Being (the Universe, history,
or society). Critical discussion is then held in contempt, the focus being on non-
verbal decision. As to speech acts the only good ones are to affirm, to trust, and to

4And sometimes “contrariety”, as in [Cornford, 1957, 65f, 69ff].
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keep silent. To deny (negate) a statement counts as nothing else than to not affirm. 5

In such a semiotical surrounding the inference theory concerning unary negative
particles, e.g. “is false”, “is not the case”, becomes extremely weak. This does not
matter as long as one trusts the elite’s intuition of what is general and essential, as
accompanied by anecdote and myth as means of suggestion.

The role of opponent-in-debate is not reflected in this mind-set; attention to the
interplay in debate of speech acts is non-existent.

One of the first authors to systematically take up this fact was Hans Lenk, in
his magisterial [1968] — a rich book combining logic and the history of ideas but,
unbelievably, never translated into English (see below). I would like to think that
the spirit of that work is to some extent reflected in the present paper as well as in
earlier publications of mine.

2 A NON-DEDUCTIVE FRAMEWORK

The adaptation problem in logical theory — A non-deductive framework — Mod-
ern logic — Sources — Terminology — Pragmatism

2.1 The adaptation problem in logical theory

The philosophies of Reason therefore, whether individual or absolute, almost en-
tirely exclude intersubjective dis-agreement and intersubjective mis-understanding
from consideration. Understanding and Agreement, hence also misunderstanding
and disagreement, were understood non-dialogically, either as a relation of one
mind to a phenomenon or as concerning sheer introspection. When legend and
myth are idolized as they were in the first half of this century, clarity and inter-
pretability become negative features and do not deserve intelligent inquiry.

Dialogical logic takes care of disagreement among human individuals by the
very concept of logic it represents: reasoners and arguers are offered concepts,
advice and possible norms that derive not from Being but rather from human ex-
perience and human institutions. The same holds of another category that was
disregarded, to our peril, by most theorists, including David Hume: human mis-
understanding.

A practice-oriented logic, conceptually attuned to the diversity of human minds
and able to take care of these differences by verbal means, is needed for purposes
of many kinds — from politics to the physical sciences. Could not such a logic
be brought about? Even in this century “logic” has — by definition — been un-
derstood as “deductive”. It was also “formal”, later improved to “formalized”.
“Deductive” and “formal” were taken not exactly as synonyms, but no one gave

5To my knowledge, in modern times Naess was by far the first to introduce speech acts into an
informal dialogical approach to logic, as Lorenzen was the first to connect speech acts with formal
approaches to logic. Naess did so in lectures and publications since 1940, Lorenzen in a lecture at an
international congress in 1958, published in 1960.
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much explanation of their meanings either (we shall return to concepts of “formal-
ity” below). As for science, the demands of intersubjective understanding and of
critical discussion among scientists have always formed part and parcel of their
business, if not always of their definition of “logic”. In politics, parliamentarism
has been known and applied for some time in many parts of the Western world.
Here we shall be concerned with the problem of adapting the “deductive” science
of logic generally — whether “formal” or “informal” — to the practical world.

2.2 A non-deductive framework

Dialogical Logic, or DL, for short, is a non-deductive theoretical framework for
the further development and refinement of human logic as a logic of social ac-
countability in practice.

2.3 “Modern logic”

Notice that elementary modern logic, descried as a “deductive” science of a “de-
ductive” phenomenon, has already been brought into dialogical form. This is a fact
of great importance. However, DL should not be identified with the result (call it
DL�) of that transformation; rather, DL is a general framework for human logic in
the wider sense, as an open pursuit. The relation of “deductive logic” to dialogue
logic is therefore not that of the former to, say, modal logic. As an extension of
elementary deductive logic, modal logic offers rules for deduction featuring cer-
tain logical operators, “necessary” and “possible”, that elementary logic ignores.
In fact modal logic can be rephrased as a proper part of dialogical logic (briefly
discussed below).

Though DL certainly does introduce new argumentational categories, it does
not start from new logical particles. In other words, DL is not basically a set of
new rules for deduction in the neglected field of “discussion”. It is an alterna-
tive framework for logic in general that allows us to dispose of old impractical
conceptions so as to make logic ready for practical life.

Also, it is not ready-made for all times. Though it does offer a great many
practical suggestions and possibilities that cannot be had elsewhere, it is not yet
a panacea for every problem that asks for an application of a logic. A fortiori
this holds of the dialogical transformation DL� of “modern” logic. What, then,
is its value? Its power entirely to replace without loss the conceptual world of
“deduction” will not be fully demonstrated here; see the papers in [Lorenzen and
Lorenz, 1978; Barth and Krabbe, 1978; Barth and Krabbe, 1982; Lorenz, 1992 ],
with references to publications by other authors. Here the following remarks are
relevant.

DL presents an approach to “logic” and “reasoning” which, right at the starting-
point, sets reasoners and arguers down at a considerable distance from the solipsist
atmosphere of the isolated Ego (or computer), as well as from the objectivist atmo-
sphere of an individual “I” confronting “the world” — two images that together
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have characterized “Reason” in the Western hemisphere since time immemorial
(cf. [Prior, 1977]).

2.4 Sources

The basic aspects of dialogical logic presented below are primarily indebted to the
philosopher-logicians Arne Naess, Evert Willem Beth,6 and Paul Lorenzen.

The further pragmatical and operational embedding is indebted also to P. W.
Bridgman, Pierre Duhem, Pierre Poincaré, Arend Heyting, Richard Montague,
and Walter J. Ong. There are affinities between the dialogical outlook on logic and
the debate-oriented philosophies of C. L. Hamblin and Nicholas Rescher; of Karl
Popper, Hans Albert and Ernst Topitsch; of Ludwig Wittgenstein and J. L. Austin,
and, let us hope, Richard Rorty.7

2.5 Terminology

The technical vocabulary below is a development of that of Lorenzen (originating
in [1960]), Lorenzen and Lorenz (see also [1978]), Barth and Krabbe, to which is
added some of Naess’ notation.

Terms for dialogical roles and other pre-eminent categories have been given
capital initials, as an indication of their status as basic terms (and in our descrip-
tions of anti-dialogical philosophies we have done the same with the basic terms
thereof).

2.6 Pragmatism

In connection with general logic it is not only of importance to distinguish between
“two-valued” and “constructivist” approaches. For an understanding of dialogue-
logic and its potential it is at least as important to grasp the difference between cre-
ationist philosophies and pragmatist-constructivist philosophies, most importantly:
between Creationist-intuitionist constructivism, which is explicitly anti-dialogical,
and Dialogical-pragmatist constructivism (Lorenzen’s Erlangen school a.o.). This
terminology — which is not meant to reflect a dichotomy — will be used below. 8

6See my [1990] and [Barth et al., 1999].
7Hintikka’s game-theoretical theory of semantics, formally� isomorphic both with Beth’s and

Lorenzen’s approaches to logic from the nineteen-fifties and sixties, is represented by his own chapter
in the present volume.

8See the definition and discussion of “radical constructivism” in[Glasersfeld, 1998] and the ensuing
discussion in the EuS (cf. the contributions by Janich, Taschner, Weber, Zahn).
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II. Can we construct an informal dialogue logic?

3 TRANSFORMATION OF EXTANT THEORIES

Three kinds of formality, and the rejection of forms�, with chart — What is the
problem situation? — Solving the adaptation problem (1). To pragmatize, acts
1–4 — To pragmatize, Def. 1–3 — States of activity: Def. 4 — Weak and strong
pragmatization, Def. 5 — Sources of logical (in)validity: problem-solving capacity
and institutional conventions, act 5, Def. 6

3.1 Three kinds of “formality”

Misunderstandings about “forms” abound. To an exposition of DL it is crucial to
distinguish between the widely different meanings of “form” In Western concep-
tions of logic the words “form” and “formal” have at least three, quite different,
meanings.

Under form� we shall subsume Platonic ideas, or formae, Aristotelian essences,
as well as ontological substances. Hence by formal� we shall understand what
pertains to such formae, essences, or substances. (Observe that the word “formal-
ization” is never used in this connection.)

An informal� contribution to our understanding of logic is one that that does
not presuppose such forms or essences.

By a form� we shall understand a syntactic norm in an (internal or external)
language, provided the norm is defined by the use of non-referential categories
used in discussion, symbolized by so-called “logical particles”. By formal � we
shall understand what pertains to such syntactic forms�. Formalization� is then
the step of making the forms� quite explicit. An informal� contribution is one that
does not aim at doing so.

By a form� we shall understand any rule other than the syntactic ones of lan-
guage or use of language and cognition, and by formal � what pertains to certain
forms�. Informality in this sense is hard to come about today, though some may
still speak of “logic”, as in the old tradition of situating “logic” within what they
call “Being”.

Then there are, in principle, also three kinds of “formality”, hence three kinds
of “formalism”. In fact,

� pre-modern logic was almost always formal�, extremely informal�, its
formalities� being remarkably meagre. Most of the philosophical logic that
has been applied in practice is of this nature;

� Fregean and post-Fregean theoretical logic (“modern logic”), on the other
hand, is entirely informal� (though among its theoreticians and practitioners
quite a few give the impression that they would have liked this to be differ-
ent). It is mostly put in formal� terms and only in such terms. This opens
for a strengthening of the formal� apparatus.
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It would be a serious mistake to think that formal� rules require advance
formalization�. However, to many thinkers the ambiguousness of “form” has
been confusing and misleading, suggesting to them that all ideas, practical ad-
vices and practical morals of Fregean or post-Fregean logic require a high degree
of formalization�.

Proviso: In the title of this chapter the word ”informal” stands for “informal �
as well as informal�”, or, more briefly, “informal���”.

The rejection of forms� took place in “deductive” logic in the late 19th-early
20th century. The three widely different meanings of “form” show that in distin-
guishing “formal” from “informal” we must consciously operate with 3 dimen-
sions. Here an overview may be convenient:

“Deductive” logics formal� formal� formal�
Aristotelian + + weakly +
Most pre-1900,
pre-dialogial + - -
Post-1900/Fregean,
pre-dialogical - + +

So “deductive logic” has vastly different meanings, too.
The dialogical version of modern “formal” logic — a formal � DL — may be

called DL�. All that first-order formal� logic can do for you, DL� can do, too, and
more.

We shall see that part of the framework to be used for this purpose has a sys-
tematical as well as suggestive value far beyond DL. We assume that a strong
pragmatization of deductive logic is needed.

Speaking generally, the construction of DL will be in terms of formal � but
informal� rules and definitions. In our reconstruction of DL� we shall have to
add formal� rules and definitions.

3.2 “What is the problem situation?”

A purpose of any pragmatization is to disclose the problem situation which the
theory is to serve. This requires close knowledge of the theory in question.

For the purpose of adapting logic to the practical world, a pragmatization of
logic itself — the concept, the rules, and the way of bringing them together in
a systematic manner — is clearly required. This process is far from completed,
though a successful pragmatization of formal� modern logic has indeed been car-
ried out.

3.3 Solving the adaptation problem (1).

“To pragmatize”. Notice that we do not define an adjective “pragmatical” nor a
noun “pragmatism”, these being terms which belong with classificatory tasks and
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with such tasks only. We want to achieve a change rather than offer a classifica-
tion, hence we need a verb, and this verb should be well defined. We may use the
verb “to pragmatize”. From this word we can construct a process name: “pragma-
tization”, which is to stand for the systematic, stepwise transformation of extant
theories, scientific or philosophical, so as to bring to the fore one or more hid-
den “practical” coordinates and variables, which often are found stowed away as
“context”. (A more precise definition is Definition 2 below.)

(Act 1) Whereas objectivist logic emphasizes several kinds of referential meaning
of terms (such as reference to the outer world, or to concepts), all pragmatical
approaches will emphasize their meaning-in-use, but they may do it differently.

(Act 2) One element in a process of pragmatization, of whichever theory, is to
systematically insert operators’ coordinates or operators’ roles and to re-write
definitions, hypotheses, rules and results accordingly. This may or may not lead
to a more powerful theory. Einstein’s pragmatization of Newtonian mechanics is a
more powerful theory than Newton’s for celestial velocities.

In logic this means that we leave behind objectivist no-role as well as sub-
jectivist one-role philosophies in favour of a theory of meaning-in-use, involving
logical roles.

(Act 3) Another component of the pragmatization e.g. of logic is the step from
“deduction from first principles” to a cost-benefit assessment of logical theory it-
self. (The notion of problem-solving capacity should be defined partly in terms of
cost-benefit analysis, also when logic itself is concerned.)

(Act 4) Yet another component is the step from pure rationalism over to empiricism
in the philosophy of logic(s).

The noun “pragmatization” may be useful as a name for the process as a whole.

DEFINITION 1. To pragmatize a given theory means to eliminate non-practical
terms relating to “Being” through systematical insertion of semantical and logical
roles and re-writing definitions, hypotheses, rules, methods and results accord-
ingly.

DEFINITION 2. The noun “pragmatization” will be used for any process that
encompasses Acts 1–3. The adjective “pragmatical” is to be used sparsely, close
to its sense in [Morris, 1938], and only in connection with one or more of the
terms “semantic role”, “logical role”, “problem situation”, ”coordinate system”,
“operation”.

DEFINITION 3. An attempted pragmatization of a given theory is to be regarded
as successful only if none of the power of the theory in its pre-pragmatized form is
lost in the process.
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3.4 States of activity

Below we shall have successful pragmatizations in mind. Furthermore, let us intro-
duce a semiotical distinction between two (or more) phases or states of activity.

DEFINITION 4. By State A we shall indicate any mental or social state or activity
of communication. By State B we shall indicate any state or activity of preparing
for communication (by observing, experimenting, thinking, or writing without yet
literally addressing any other persons). By State C we indicate a mental and social
state of disinterest in (aversion or indifference to) communication.

This terminology is not intended to carry historical overtones. One state may
yield to the next within seconds, or within millennia.

Among non-State-A oriented theory constructions one easily observes the ex-
istence of quite distinct philosophies and theory types: some favour subjective
description of cognitive introspection or of emotions, others objective description
of phenomena, persons and processes in the outer world, including the theoreti-
cian. We accordingly distinguish two non-A States, B and C, as the solitary user-
theoretician does or does not pay attention to physical phenomena and individuals
in an outer world. (For the purposes of reconstructing DL it is sufficient to distin-
guish two, A-states and the rest.)

State-A and State-B theory somehow or other contains Multi-Role Description,
allowing for such category combinations (�-tuples) as

�Speaker, Hearer�
�Opponent, Proponent�
�Laboratory worker, Reporter, Theoretician, . . . �
�1��1�� � � �1��, with “1” for “measuring system”
�<�� <�� � � � � <��, with “<” for “coordinate system”

3.5 Weak and strong pragmatization

Finally we introduce, for reasons of historical analysis and meta-theory, the dis-
tinction between weak and strong pragmatization:

DEFINITION 5. By strong pragmatization we subsume theory transformations
and processes that involve a shift of outlook from either State B or State C to State
A.

By weak (or pseudo-) pragmatization we shall subsume processes that pay no
attention to State A but are focussed towards a shift from State B to C (from no-role
to one-role description).

For strong theory pragmatization we might choose the term Naess transfor-
mation, in honour of Naess’ 1939 dialogical transformation of the semantics dis-
played in logical positivism (Naess [1956; 1992a; 1992b]). When, as some neo-
Kantians (but certainly not Hintikka) do, the outer world is dropped altogether, one
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can speak of a solipsist transformation of objectivist theory — though hardly of
pragmatization (cf. the creationist-intuitionist form of mathematics).

3.6 The sources of logical (in)validity: problem-solving capacity
and institutionalized conventions

Consider the notion of “self-evident” assumptions and statements, and the postu-
late of self-evidence (Beth [1959a; 1968]) in classical theories of deduction:

(Act 5) Relieve the philosophy of logic from the notion of “intuitive self-evidence”!
Think instead in terms of the following possibilities of pragmatizing the notions of
“validity” and “invalidity” for systems of basic principles (categories, formal � and
formal� rules):

DEFINITION 6. Among the kinds of “logical validity” (or legality, or acceptabil-
ity) of (systems of) basic rules and other principles for DL we recognize

� problem-solving validity: the system, rule or principle is seen to have more
problem-solving capacity than all competing systems or principles in solving
a given set of problems of a general logico-intellectual nature;

� semi-conventional legality (in a certain circle of users of language): on ac-
count of a non-documented convention demonstrated in very common verbal
behaviour and thought; or

� institutional, or conventional legality: the system, rule, definition or princi-
ple is “logical law” on account of a documented agreement (social contract)
which is respected in certain circles, and which is based on this system’s or
principle’s assumed problem-solving excellence.

By logico-intellectual problems are meant the wide problems of verbal represen-
tation connected with criticism and justification: how to handle non-affirmation;
how to express relatedness among persons, phenomena, or things; how to deal with
concessions pertaining to individual opponents; which categories should be chosen
as logically fundamental. Such problems may be “solved” in various, not neces-
sarily satisfactory manners. Given the logico-intellectual problems to be solved by
some system or principle, “problem-solving validity” is a comparative concept.

The word “necessity” is too ontologically and metaphysically loaded to convey
what is meant here. The same goes for “objective validity”. Crawshay-Williams
[1957, p. 224] therefore spoke of “empirical” or “methodological” necessity. 9

We do not here go further into Beth’s invalidating models (the method of se-
mantic tableaux).

9More detailed definitions in [Barth and Krabbe, 1982, pp. 19–22].
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4 MAKING MODERN LOGICS “DIALECTICAL”

An early discussion calculus — The adaptation problem (2) — Externalization of
dialectics — Semiotical roles — Logical roles — An opponent’s task differs from
that of a proponent’s, Def. 7 — Rhetorical, epistemological, and DL terminol-
ogy — A series of “bones of contention”, and unconditional defence of an inter-
mediary thesis, Def. 8 — Invalidity pragmatized: from truth-conservation in all
isomorphic� cases to having a winning strategy, Def. 9–10 — Empirical “valid-
ity”, Def. 11.

4.1 An early discussion calculus

Naess has mainly used informal methods. In 1936 he wrote a paper where he
formulated a “discussion calculus”, meant to come as an addition to the calculi
of the philosophers of the Vienna Circle, with whom he spent a year. They were,
however, unwilling to see his recommendation as a necessary addition to their own
calculi; as a consequence, he did not publish it. See his [1992a; 1992b]).

The discussion calculus was meant for use in those cases when the difference of
opinion may be assumed to be caused by the vagueness of the thesis — a lack of
precision. Then the question may rise: what exactly is the topic here? What is the
initial formulation (thesis) actually meant to say? Vagueness may lead to pseudo-
disagreement, but it can also provide pseudo-agreement, and this, too, may be
undesirable in the long run.

[O] [P]
I disagree �	

Well . . . at least, �	 must
be made more precise.

But why?

�	 stands for the initial thesis. (Read from right to left.)
Naess was interested in the problems of procedure in such cases and formulated

6 basic rules. “Such a discussion logic is of great use in the discussion of political
programmes.”

4.2 Solving the adaptation problem (2)

The deductive frameworks for logical theory — axiomatic deduction, natural de-
duction, deductive tableaux — wrongly suggest that “logic” is essentially tied ei-
ther to State B or to State C activities. Given True “premises”, truth is guaranteed
at the end of a number of “valid” steps. Falsity and invalidity are treated as mere
“privatives” — nothing but absences, and nothing to speak of or count with. Nei-
ther of these methods can accommodate the categories of critical dialogue and
“rational discussion”.
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The truth-table method and the method of semantic tableaux, operating with the
category of Falsity on a par with Truth, are less suggestive of a solipsist basis for
logic and rather invite objectivist associations.

We may well speak of the emancipation of the truth-falsity distinction, a devel-
opment that owes much to both Popper and Tarski (and nothing to Wittgenstein
and Gadamer). The next station in the dialogical development is the distinction of
Opponent and Proponent. In fact, any ”objectivistic”-semantical tableau (left) can,
without loss, be reinterpreted as a dialogical tableau (right):

True False
�Premises� Concludendum

�
Opposition Proponent
� Concessions � Thesis

(But not necessarily vice versa. It depends on the strength of the DL employed.)
DL can, if one so likes, be called “post-modern”, in the sense that it is achieved

by a successful strong pragmatization of “modern logic”. This we now go on to
show in some detail.

4.3 Externalization of dialectics

Above we pointed to uses of “dialectics” in ontology-related ideologies, such as
interiorist idealism, Hegelian idealism, and Marxist–Leninist political theory. 10 In
our century the classical use of the word “dialectical” relating it to dialogue and
discussion is taken up again: by Naess [1936; 1992a; 1992b] and by Hamblin
[1970]. In connection with what one could call the externalization of the “ra-
tional” world picture of earlier philosophy, described in [Hacking, 1975], let us
recommend an “externalization of dialectics”.

4.4 Semiotical roles

In our time everyone will agree that logic is in need of initial distinctions of a semi-
otical nature — at least one. A first distinction will be the semiotical distinction of
Hearer and Speaker. Obviously, these are roles, usually to be taken now by one,
now by another participant in a dialogue.

4.5 Logical/dialectical roles

A dialogical logic requires another distinction of roles in addition: that of dialecti-
cal roles (or logical roles, as we could also call them). This is Lorenzen’s distinc-
tion between Proponent and Opponent, which presupposes that a thesis is in the
picture, with some measure of disagreement as to its acceptability.

Proponent and Opponent, or P and O, for short, are roles, not persons or groups
of persons. These roles are relations involving four terms: a person or well-defined
company of persons [Crawshay-Williams, 1957, p. 10], a verbalized conflict, a

10For Lenin’s logic see [Smit, 1996]. On Gramsci cf. [Finocchiaro, 1992].
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system � of a formal� dialectics, and a �-based discussion among members of the
said company, issuing from the conflict.

When, technically, a discussion is referred to as a “game”, the debaters are
often pertly referred to as “players” (about the game concepts involved see the
paper [Dascal et al., 1996]). So we might also say that Proponent and Opponent
are roles the players take, not the players themselves.

The term “dialectical role” adopted here is taken from one of the several names
that throughout the ages have been given — each with a historical variety of mean-
ings — to the study and practice of general reasoning: “dialectics”, the term that
was commonly used in several centuries, other names for logical studies being
“logica” and, in Germany in eighteenth and nineteenth centuries, “Vernunftlehre”
[Scholz, 1967]. In antiquity it carried overtones of an exchange of ideas between
minds, by convincing arguments, a meaning which was lost during the nineteenth
century.

There is of course nothing against one and the same person, party or machine
taking on both roles simultaneously. This self-critical case, which was for some
time emphasized in the Marxist regimes, is not without its value, but it ought not
be the only one allowed.

4.6 Preparing for debate

Beth’s method of invalidating examples, based on two truth values, was conceived
some ten years earlier. Its nature emerges when one contemplates the the Truth-
Falsity distinction from the point of view of the party in Opposition: “Suppose the
concessions are true; the problem then is to see whether the thesis might possibly
be false”.

The emancipation of Falsity and the return to an oppositional point of view go
together. Beth’s method of Semantic Tableaux reflects a refutational, oppositional
outlook, however without evoking the neo-Platonic notion of “Opposition in Be-
ing”.

Beth’s semantical tableaux may be regarded as a method of preparing for dis-
cussion (cf. Definition 4 above).

4.7 An opponent’s task differs from that of a proponent’s

DEFINITION 7.

a. The Opponent’s task consists in trying to show that, although this Opponent
has made certain concessions, a sceptical attitude towards the Proponent’s
initial thesis is advisable.

This can be done by showing that the person in the role of Proponent can be
made to exhaust his/her possibilities of refuting the Opponent’s critical en-
deavours, and so has to give up. (Weaker or different concessions, a smarter
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person in the role of Proponent, or a night’s sleep may of course change the
picture.)

b. The Proponent’s task consists in trying to show that the position of the other
party has become irreconcilable with this party’s task and status as a critic,
as shown by his/her moves in the discussion.

4.8 Rhetorical, epistemological, and DL terminology

Rhetoricians have things to tell of value for speakers who want to convince an audi-
ence, whether passive or not, and stand in a tradition that has collected impressive
amounts of humanistic wisdom.

In DL the Proponent’s task is to counter the Opponent’s criticism of the the-
sis. The Proponent’s position is a counter-counter-position. This is not at all the
same as bringing about conviction, which may or may not result from the Propo-
nent’s success. In dialogue logic the terms “to convince” and “conviction” have no
theoretical function.

What about the term “doubt”? Lorenzen’s use of Dubito? as a symbol for the
Opponent’s challenge may at first bring to mind the epistemological deliberations
of Descartes; these, however, are of a monological, interiorist nature, centring
on “conviction” and “knowledge”. In his Descartes, Gaukroger distinguishes be-
tween epistemological doubt, which questions “whether one’s beliefs amount to
knowledge”, and doxastic doubt, which questions “whether one is entitled to hold
the beliefs one has” [Gaukroger, 1995, p. 311]. It will be clear that Lorenzen’s
Dubito? is, in a strong sense, doxastic rather than epistemological. 11

4.9 An interlocking series of “bones of contention”. Unconditional
defence of some intermediary thesis

When P’s attempt at defence of �	 is a statement, and that statement in its turn is
challenged by the Opponent, that statement becomes a new thesis: the first inter-
mediary thesis, ��. If �� is defended by means of yet another statement which is
in its turn attacked, it becomes ��, and so on. At every moment the last interme-
diary thesis functions as the bone of contention until a new intermediary thesis is
born.

In order to refute the Opponent’s position the Proponent must, for some �, be
able to give an unconditional defence of �
 (from attacks by the present opponent).
Since �
 was introduced in defence of �
��, that statement now is defended, and
so on, up to and including �	 (in a certain line of attack; see below).

What is to count as an unconditional defence? In some cases it will seem rea-
sonable to say that the Proponent now has indeed shown the untenability of the

11A dialogue-logician’s answer to Decartes’ “Cogito, ergo sum” could be: “Dubito, ergo sum, vel
es, vel est”. Cf. also [Wiche, 1999] (possibly also Herlitzius, see above).
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other party’s position in the current discussion. In what cases? We suggest that
DL should comprise, by agreement, the following “formal �” rule, or definition:

DEFINITION 8.

a. When, at some stage, the Proponent (or a third party, whose judgement is,
by agreement, to be respected by both parties) can show that the Opponent

� has just challenged a statement equivalent to one that he/she has personally
stated earlier in the current branch of the argument; 12 or

� has just made a statement equivalent to one made by the Proponent uttered
at an earlier point and which the Opponent then challenged (so that the Pro-
ponent ran into an obligation to defend it);

� [has conceded/presumed both a certain statement and its negation; or has
uttered, as a statement or as an hypothesis, an acclaimed absurdity]; 13

or

� is unable to, on request, explain the relevance of his remark to the thesis in
question; or

� has produced an abusive argumentum ad hominem; or

� has nothing more to question or to say in this line of attack, and cannot think
of another one either; or

� has withdrawn from the discussion; or

� (this second list is not complete for all times)

then the Proponent has unconditionally defended the intermediary thesis in
question.

b. When in a certain line of attack the Proponent has unconditionally defended
�	 against the Opponent’s arguments, then the sub-discussion consisting in
this line of attack is to be treated as closed.

c. When all sub-discussions defined by a line of attack are closed, the discus-
sion as a whole is closed.

When a debater, be it Proponent or Opponent, abandons a discussion before it
has come to an end, and no other rules intervene, he or she may be said to have
“lost” it; and let us then say that the other party has “won”.

Concerning arguments ad hominem and other speech acts that are unacceptable
to the other party (e.g. remarks felt to be insulting the other party’s culture) one
could add:

12I.e., when the Proponent or someone else (etc.) can say: “You said so yourself!”.
13The bracketed conditions are not independent of the other ones. More details in[Barth and Krabbe,

1982].



244 ELSE M. BARTH

d. If one of the debaters performs a not explicitly permitted speech act which
reduces the other party’s chances of carrying out its task, that party may
honourably withdraw from the discussion without “losing” it.

For a number of cases of undesired speech acts one could choose to reformulate
the last rule as follows:

. . . then the party performing the speech act in question loses all its
rights in the discussion as a whole.

Furthermore:

As soon as the Proponent has unconditionally defended the thesis in
question, the (intermediary) discussion should be regarded as ended.

No such rule could apply to an opponent who in a simple (one-thesis; see below)
discussion does not have any thesis at all!

We assume, then, that the concessions (if any) function merely as material for
use by the defence. This is the pragmatical arrangement of things that comes
closest to what has in our century been called (modern) logic, without being itself
deductive. Certainly one could conceive of forms of discussion in which each
party makes concessions, the product of which is simultaneously presented as its
thesis; but that would be another story, and a more complex one.

These rules will, in the long run, contribute to the dynamical character of the
chosen system for rating results; i.e., it will contribute to new discussions and
thereby to the flux of opinion in culture.

4.10 (In)Validity pragmatized

Criteria of validity in older renditions of the deductive method were formulated in
terms of “logical axioms”, somewhat later in terms of “premises”, “rules of de-
duction” and “conclusion”. The so-called conclusion “follows from” the premises
“by rule so-and-so”. There are no actors and no roles — or there is one actor, the
Subject, as in creationist-intuitionist constructivism, without distinction of roles.

A non-deductivist definition of formal� validity preceded the dialogical defini-
tion by only a few years. This is the semantical concept of validity that is the basis
of the Semantic Tableau method. The logical validity/invalidity of an argument
lies in the absence/existence of formally� analogous counter-stories. It may be
formulated as follows:

DEFINITION 9.

a. A counter-story to an argument from certain premises to a given conclusion
is a story with the same number of premises, each one of the same syntacti-
cal form� as one of the initial premises, and with a conclusion of the same
syntactical form as the said conclusion, in which each premise is recognized
as true, whereas the conclusion of the counter-story is recognized as false.
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b. The step from the premises to the desired conclusion is called “(formally �)
valid” if, and only if, any attempt at finding or constructing such a counter-
story is demonstrably doomed to failure. [Beth’s Criterion]

Now shift to conflicts of opinion. By a simple conflict of avowed opinion we
shall understand a bundle of four things (see above):

a set of concessions (Con),

one initial thesis (�	),

a party who (in the light of these concessions) takes the role of Proponent of
the thesis,

one party — another, or the same — who takes the role of Opponent of the
thesis.

It is to be understood that the thesis is a statement made (and not withdrawn) by
the former party, and that the concessions are statements made or endorsed (and
not withdrawn) by the latter.

Notice that neither “intentionality” nor any other interior feature is part of this
quadruple. No assumption is made about the Proponent believing T 	 to be cor-
rect, or about O believing the concessions to be correct. We are not concerned
with so-called propositional attitudes. We have only to do with external conflicts
and the externalized aspects of conflicts and institutional aspects of critical dia-
logue: statemental attitudes (e.g. “commitments”).14 To believe is, primarily, a
religious or political category which need not bear upon non-doctrinal discourse
where “doubt” comes to the fore.

Whether we are looking at a DL that is entirely formal� or wholly or partly
informal, if it is supposed to be a system of logic we shall have to consider what
is to count as (in)validity, or else turn up a critical concept that can function in
its place. In a strong pragmatization of deductive logic this seems an absolute
requirement.

One dialogical criterion, based on formal� conditions, with the desired proper-
ties results by pragmatization of the semantical criterion.

In 1959 Lorenzen introduces into logic the game-theoretical notion of a “win-
ning strategy”. In some cases of �	 and Con, it is possible to show that every
opponent, however smart, who makes these concessions runs the risk that all his
lines of attack will be closed. So it makes sense to formulate a definition of “va-
lidity” as follows:

DEFINITION 10. Given a system of dialectical rules that incorporates Definition
8, an addition of �	 to the Opponent’s avowed concessions is called (deductively)
valid according to that system if and only if every opponent — however smart —
who makes these concessions runs the risk that all his lines of attack will be closed.

14More in my [1982].
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Or,
Given a system of dialectical rules that incorporates Definition 8, T	 is valid-in-

the-light-of Con (etc.).

4.11 Empirical “validity”. The importance of time

DEFINITION 11. A thesis �	 may be called empirically valid-on-the-background-
of-Con-at-time-t if there is some party who in the role of Proponent has uncondi-
tionally defended �	 against any party who has hitherto cared to act as Opponent
on the background of Con.

The reference to time is crucial. At a later point in time the role of Opponent
may be taken by someone who does succeed in the task of refuting� 	 in discussion
with the same proponent, or with another one who is considered strong enough to
take on the Proponent’s task. Another possibility for change is to treat one of the
concessions as a thesis, showing its untenability-in-debate vis-à-vis the following
stable concessions ... (a new set).

As the reader can see, we fuse Popper’s falsification perspective (and respect for
discussion) with a firm denial of his hypothetico-deductivist outlook on the logic
of accountability.

5 ACCOUNTABILITY

Accountability (1) — Critical moves and defence moves — Schematic rendering of
the terminology — Accountability (2): Defensible interpretation and precization,
Def. 12 — “I need an explanation of relevance” — Thematic discussion, Def. 13
— One or more theses? — Opponents’ concessions — Maximum length of a con-
tribution (stage, period) — In a thematic discussion rights and obligations depend
on former remarks — A plurality of lines of critical attack on the Proponent’s last
statement — Accountability (3): As Proponent one is obliged to defend a chal-
lenged position — A plurality of lines of protective defence? — Refutation, Def.
14 — Defence, Def. 15

5.1 Accountability (1)

Here are some rules — informal� ones, like in other modern logics — that, when
used as constitutive of a framework for DL, lead to a strong pragmatization of de-
ductive logic, and that are so general that even informal logicians may be assumed
to approve of them.

(Remember that already the modern framework of deductive logic assumes no
forms� in the traditional sense, and of course neither does DL�, the dialogical
image of modern deductive logic.)
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5.2 Critical moves and defensive moves. “Personal self defence”

There are two types of (verbal) move: moves of critical attack and defence moves
against a given criticism.

Critical/attack moves are always directed towards a certain statement or a com-
plete sentential component of a certain statement made by that party at some point
in the discussion. A move criticizing a statement may be called a challenge to the
party that made the statement to defend it, or a certain part of it.

(A remark on the terminology: as often as not, personal self defence is as well
carried out by means of a challenge, or critical move, or attack move, as well as by
a justificatory or defence move.)

Each criticism of a statement U (for utterance) might be called crit(U), but there
are often several ways of criticizing or challenging a statement, and one may make
lists of them. As theoreticians we may speak of the �th of the possibilities of
challenging an utterance of a statement, U, as crit ��4�.

Notice that a criticism or challenge of one of the other party’s statements is
often launched simply in order to defend some remark of one’s own from (further)
criticism! There is nothing against it. On the contrary, to do so helps probe the
tenability of the other party’s position as a whole. In such a case the reader may
dislike our use of the word “statement”, but we shall use this word for all declara-
tive utterances made in a discussion, irrespective of the utterer’s beliefs. Our use
of “statement” includes attitudes of complete disbelief, a hypothetical stance and
firm belief.

Justificatory/defence moves are moves in defence of a certain statement of one’s
own, against a certain criticism of that statement.

There may be more than one way to do this too, even when the critical remark
has already been made. Any possible defence of a statement 4 against crit ��4�
will be called def�4� �), or def(U) for short.

5.3 Schematic rendering of the terminology

We sum up the terminology employed so far schematically (the letter “U” stands
for “utterance of a statement in the given discussion”):

U Possible criticism Possible moves in defence of U
(challenge) of U: against criticism crit��4�:

crit��4� def�4� ��
Direct, Indirect,
protective: counter-active:

prot��4� �� CA

(Notice that we have not yet applied these terms to the specific roles of Proponent
and Opponent.)
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The criticism crit��4�, essentially a request for a justification or an elucidation
of some kind or other, may itself be a question as well as a statement. However,
provided the critic has remained within the exchange conventions, crit ��4� may be
criticized only if it is itself a statement.

An utterance crit��4� may be called a counter-argument to 4 in the sense of
Pro-aut-contra analysis only when it has the form of a declarative sentence.

Now suppose crit��4� is a statement. Then a defence prot��4� �� of a statement,
may be called an argument contra crit ��4� and a pro-contra-argument for 4. DL
may therefore be seen as a development of pro-aut-contra analysis. In DL argu-
ments pro a certain declarative utterance 4 are studied as functions not only of 4
but also of the challenge (criticism) that has been advanced against 4.

In the following we shall formulate a number of rules for what will count as an
acceptable challenge of some declarative utterance 4, and for what will count as
an acceptable defence of 4 against a given (acceptable) challenge.

What to do in case of not acceptable challenges is a matter that will have to be
dealt with separately.

5.4 Accountability (2): Defensible interpretation and precization

Naess’ publications contain some of the strongest pragmatizations of topics of
logical interest in advance of DL.15 They assume a dialogical setting. In this setting
Naess gives a two-step definition of preciseness, more precisely: of more precise
than. We shall try to express the dialogical intention as clearly as possible:

DEFINITION 12.

a. A listener can “reasonably”, i.e., with high probability that many other peo-
ple will agree, take a formulation .� as an defensible interpretation of an-
other formulation, ., if and only if there are one or more connections in
which they both can mean the same.

.� could also be called a likely interpretation of ., but this term, too, leaves out
the dialogical vista. Worse still, in such a case .� has often been called a “reason-
able” interpretation of ., a vernacular liable to produce reflections on monological
“rationality” rather than on dialogical efficiency. This is not taken from Descartes.
Notice that we are talking about linguistic entities.

b. A formulation, say: .��, is more precise than another formulation, ., when
.�� excludes some defensible interpretations .� of ., but not vice versa.16

The (re)formulation .�� may then be called a precization of . and . a de-
precization of .��.

15Cf. Naess [1953; 1981; 1992a; 1992b].
16Reformulated from [Naess, 1981].
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Clearly, of two formulations only one can be more precise than another be-
fore the same audience or readership. One might insert a variable for the audi-
ence/readership into this definition.

As defined by a horizontal “dialogue strip”:

U Prec? 4�

In many cases of unclear sentences precization can be reached by means of a
(lambda-)analysis of syntactical form, showing their ambiguity. In other cases
a clarification of an epistemological nature may be more helpful.

In courses of practical logic what is here presented as Definition 12 may rea-
sonably be dealt with first, since critical discussions will often require an initial
exchange of precizations.

5.5 Relevance

Similarly, a debater may ask for some information on the relevance of an utterance
the other party has made. There is no widely accepted definition of “concept C is
relevant”. We recommend to look instead for a definition of

� � is more relevant than � to �� , the (sub)thesis in question.

In any case, in discussions with benevolent and obliging discussants it is often a
good idea to ask for a more thesis-relevant conceptualization. The dialogue strip
is simply:

C Rel. to ��? C�

5.6 Thematic discussion (1)

We give this term an open definition:

DEFINITION 13. By a thematic discussion — the term is intended to replace
the old “rational discussion” — we shall understand any discussion in which, at
any stage, the participants’ rights and duties are functions of (among other things)
the basic theme, here identified dialogically as the initial thesis of the discussion.
More often than not a discussion is carried out between two parties, who speak
alternately, but no dogma dictates that two is the limit.

In any discussion there is — according to the lexical meaning of “discussion”
— more than one “party”, i.e., there are two or more logical, or dialectical, roles
to be taken.

A dialectical theory distinguishing a third party (“the Judge”) was suggested by
Herlitzius at the International Congress of Logic, Methodology and the Philosophy
of Science in 1967, but this approach does not seem to have been developed any
further; besides, the notion of a judge seems unfortunate.
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Recently Wiche proposed the same arrangement (formal� rule) for informal�
logic [Wiche, 1999]. (He speaks in terms of a “leader” of the discussion.)

Like Naess’ several innovations and recommendations, this may be a good idea
also for the informal� extension (stage setting) of formal� DL.

The parties in DL can be (emotional, political) antagonists, but they can also
be mutual supporters in testing an hypothesis.17

Notice also that one person may discuss with him- or herself and then has to
play both a positing role and a critical role, as two parties.

5.7 One or more theses?

We ask the reader’s special attention for the following.

1. In a simple Proponent-Opponent discussion we assume one thesis (hence
no “antithesis”. The expression, much favoured by Hegelians, reflects the
semiotics of their concept of “opposition”. This is one central differences
between dialogical and idealist “dialectics”).

2. The one and only initial thesis, �	, of a simple discussion is the dialogical
equivalent of what is called the conclusion — the “concludendum” — in
a deduction. It may be felt that even a non-bellicose discussion may have
more than one initial thesis, some stated by one party and some by another,
some by a third . . . . In practice this is often the case, which makes for
considerable confusion. (The opponent of one thesis may be the proponent
of another one, which may be called an “antithesis” if, and only if, the two
(or more) theses are contraries.)

It may seem harmless — let us put this tentatively — to approach such dis-
cussions as just an untidy superposition of simultaneous one-thesis discus-
sions, and to recommend that one-thesis components be carried our consec-
utively, for the sake of clarity and efficiency.

However, one should not exclude the interesting possibility of interference
phenomena between simultaneous one-thesis discussions.

3. A related important problem sphere is what one calls non-monotonic logic,
i.e., a logic which pays attention to new premises that come into the picture
in the course of an ongoing debate. I am inclined to think that interferences
should be approached from there. Van Hoof puts non-monotonic logic into
(semi) dialogical form, introducing a new operator for non-absolute negation
[Hoof, 1995].

4. Caveats: The party in opposition is the opponent of � 	 — and not of the
person in the role of proponent. This should be clear enough. To ask whether
or not the party in the role of Opponent is thereby an “opponent of party P”
is then merely a dull semantical question.

17Cf. Gilbert [1994, n. 39].



A FRAMEWORK FOR INTERSUBJECTIVE ACCOUNTABILITY: DIALOGICAL LOGIC 251

Even in a complex practical situation where more than one party claiming to
have an initial theses, each of these parties may be understood to retain his/her
role of Proponent or of Opponent of this thesis as long as that particular thesis is
under debate.

5.8 Opponent’s concessions

In general, some opinions will be known to be accepted — at least for the occasion
— by the Opponent of �	; these will be called O’s concessions, and the class of
these concessions will be called Con.

The opponent’s concessions may be known to P in advance or elicited in the
course of the discussion.

In DL� one may assume that Con is given in advance. In dialogical non-
monotonic logic this assumption is dropped (Van Hoof, above).

5.9 Maximum length of a contribution (stage, period)

The maximum length of a contribution (stage, period) in the dialogue can be deter-
mined in advance, by setting an upper limit either to the time used by one speaker
at a stretch or to the number of sentences or of words used.

(In DL� we shall limit the number of sentences per contribution to 1, because
this makes for the clearest way of solving the adaptation problem and of pragma-
tizing modern logic. Notice that any number of statements can be joined together
with “and” so as to form one statement, in one sentence. This means that � 	 may
consist of a whole theory, understood as one long conjunction of sentences. Hence
this “limitation” is a not very important point, and in no way restricts other ap-
plications of the framework than the construction of DL �; it can just as well be
adopted for a DL of any kind.)

5.10 Thematic discussion (2). Rights and obligations depend on
former remarks in the dialogue

A critical dialogue (discussion) develops as a sequence of stages. These may be
characterized by sequents — ordered pairs of the type �Con 
��
�, which identifies
the �th stage. Stage 0 is �Con	��	�, and so on.

It is recommended to debaters to adopt the following systematizing vernacu-
lar: “Con
 comprises all the Opponent’s statements (not the questions!) up to and
including stage �”, in other words, that Con be understood as cumulative. 18 Ex-
cepting for the initial thesis �	��
 may be called the subthesis at stage �.19 The

18In 1978 Woods and Walton exploited the idea of a non-cumulative logic, closely followed by
Mackenzie in 1979. A definition of a hidden traditional principle of cumulation of agreement may be
found in [Barth and Krabbe, 1982, 243ff.].

19In [Barth and Krabbe, 1978] the term “local thesis” is used.
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rights and duties of Proponent and Opponent at stage � of the dialogue can be de-
scribed as functions of the situation at that stage. Both parties ought to keep this
in mind. Thereby one ensures that the original “theme” of the discussion is kept
constant through the whole debate.

This is the essence of a thematic discussion.

5.11 A plurality of lines of critical attack on the Proponent’s last
statement

An opponent may be faced with a plurality of promising and acceptable ways of
challenging the intermediary thesis of the moment. Suppose this is the case at
some stage �, the intermediary thesis being �
. We abbreviate criticism of �


as crit��
�, and the various possibilities of criticism as crit���
�, crit���
�, and
so on. (In practical logic, outside mathematics, we may assume the number of
possibilities to be finite.) This may be illustrated by a strategy tableau:

...
...

Con
 �


1 2 (etc.) 1 2 (etc.)
crit���
� crit���
�

We recommend that the chosen rules for any DL allow the Opponent to deal with
each of them, provided there is time enough, and, for clarity’s sake, and for effi-
ciency’s sake (see below, Section 6 and following), provided they are dealt with
separately.

The subdiscussions could — if both parties agree — be dealt with simultane-
ously, which is often the case in practice; but this usually makes it much harder to
keep track of what is going on.

Since the Proponent’s justification always is a justification of the Proponent’s
position “as against the given critical attack”, the Opponent’s choice is, in princi-
ple, crucial for the rest of the discussion issuing from it.

Suppose the Proponent’s defence is a success. This is not to say that the Oppo-
nent could not have refuted the Proponent’s position through a different attack on
�
. If time allows, the Opponent may open several “lines of criticism” of � 
, one
after another, each line of criticism amounting to a subdiscussion of the discussion
as a whole. After each such subdiscussion that has been “won” by the Proponent
the parties return to �
, the Opponent may chose to attack it in a different manner;
this initiates a new line of criticism, and so on. The Opponent has succeeded in
his/her goal of refuting �
, and thereby the initial thesis, as soon as the Proponent
cannot find anything more to say (see below).
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5.12 Accountability (3)

As Proponent, one is obliged to defend a challenged statement, at any stage of a
discussion. Any critical attack made by the Opponent creates a new intermediary
thesis. The Proponent has thereby incurred an obligation to defend that new inter-
mediary thesis ��
�, against this attack. (The initial position is defended if, and
only if, every intermediary thesis has been defended.)

One can do this protectively or counteractively. The latter will say that one
forgets about protecting �
 for the moment and concentrates instead on probing
the Opponent’s position. Does not the Opponent, who after all has made certain
concessions, in challenging this intermediary thesis, involve him- or herself in an
impossible situation?

As long as this probing can be undertaken without the Proponent uttering any-
thing else than critical questions, the Opponent’s retort cannot produce a new in-
termediary thesis “overshadowing” the present one. That is to say, as long as no
rule limiting the number of the Proponent’s counteractive questions interferes (one
could have such a rule). Besides, the Proponent can return to this probing activity
if so happens.

This means that we can concentrate on situations in which the Proponent has a
choice of ways of defending �
 protectively.

5.13 A plurality of lines of protective defence?

The Proponent will often find that several moves of direct defence of an attacked
remark are open, each of which might lead to a finalized defence. This happens
for instance when the Proponent has said something beginning with “At least one
of them . . . ”; obviously the Opponent may ask: “Who?” The Proponent can, if
he/she so pleases, answer by saying “John . . . ” but also “Ann . . . ” or “George . . . ”,
etc. Other examples are moves that are authorized by the dialogical definitions for
“logical particles”, which will be given below.

Each possible move can in principle be used to embark upon a new subdis-
cussion. The Proponent may be able to choose between several “lines of direct
defence”.

crit���
� �


1 2 (etc.) 1 2 (etc.)
prot���
� prot���
�

(Or, for short, “��”, “��”, and so on; but remember that the special line of criticism
of �
 within which the Proponent’s choice takes place, may be one among many!
In order to make this clear we could write “prot ���
� ��”.)

Some would see a problem in the fact that a proponent can lose his/her first
attempt to defend �
 protectively — viz. by saying ��� � — and may come to
regret not having said ��� � instead. For if the Opponent attacks ��� � so that ����
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becomes the intermediary thesis, the Proponent may seem to have lost the oppor-
tunity of ever making use of ��� � as an answer. So debaters have to make up their
minds about this question:

Should the Proponent be allowed to return to a former intermediary thesis �
,
and take up the defence of his/her position at that point?

Some may say (this is the liberal view): “OK, we still have some time, so why
don’t you give it a try”. This demonstrably corresponds to the use of two truth-
values true, false.

Others say (this is the stricter view): “No, if you had the audacity to utter �
,
it ought to mean that you were conscious of reasons for maintaining that belief,
and if so, you would have introduced one of your better reasons — e.g., ��� � —
right away. To withhold a good reason, if it be one, and come up with it later on
can only mean that you did not really know what you were talking about in the
first place: you did not possess a recipe with which to construct the answer.” This
stricter view corresponds to the outlook of Dialogical-pragmatist constructivism
(Section 2.6).

The mathematical difference between two-valuedness and constructivism is
based on problems concerning vague notions like “infinite sets (lots) of numbers”.
When the problem under discussion has nothing to do with “infinite” lots of indi-
viduals, a distinction between the two views is less important, if at all. In practical
life questions of “infinite” numbers do not come up.

There may be cases, however, when one may have fair reasons for maintain-
ing a more complex thesis (a former intermediary thesis) involving � 
, without
knowing whether this �
 is itself correct (true). It therefore seems fair to allow the
Proponent the same freedom to try out several lines of defence of � 
, in answer to
one of the Opponent’s attacks.

5.14 Refutation

In a simple discussion the person or party in the role of Opponent has, in this role,
no thesis to defend. In this sense the positions of Proponent and Opponent are
asymmetrical. However, the Opponent, too, has something to “defend”, though
it is of another nature: namely, his or her own position as opponent of the thesis
in question. In the course of the discussion the Opponent usually makes several
challenging but also puts in some utterances that do have declarative form, the form
of a statement (however tentative and ad hoc they may be) — for example, the
concessions. When the Proponent challenges one of the Opponent’s statements,
it is done in defence of the thesis, with the aim of probing the Opponent’s total
position in the debate.

Dialogue logic makes one aware that to have “refuted a thesis” is a notion that
must be related to proponents as well as to opponents. To have “refuted” a the-
sis against a certain proponent only means to have countered the defence of that
thesis, as against a given set of lines of attack, and as carried out by that specific
proponent. Hence:
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DEFINITION 14. For O to have satisfactorily invalidated P’s position it suffices
that O has won — in the sense that P has had to give up — in one line of attack
(subdiscussion opened by O him/herself).

In that line of attack O must have won in each and every line of defence opened
by P.

If O fails to “refute” �
 (on the basis of Con
) in one line of attack (a subdis-
cussion starting from crit���
�, then he or she may, if time allows (a question DL
does not pronounce upon), attempt to do so in a new line of attack (a subdiscussion
issuing from crit���
�), and so on.

In DL, it is not the case that as criticism of a thesis, anything goes.

5.15 Defence

Obviously, to defend a thesis against a certain opponent means to refute that op-
ponent’s attempt at refutation of that thesis:

DEFINITION 15. P has satisfactorily defended a thesis against O’s opposition
only when he/she has countered each and every one of O’s lines of attack. I.e., P
must win each and every subdiscussion opened by this opponent.

In some cases the remark that O wants to challenge is such that O can only
express a general doubt, a move that opens only one subdiscussion. However, in
such a case P will often have the opportunity of choosing between several lines
of defence. This is the case for instance when the (sub)thesis explicitly concerns
some, but not necessarily all individuals of a certain class. If the thesis is Some
Golliwogs are criminal the Opponent can only say: “Who?”, “Name someone?”
or something similar; it is then sufficient when P names one Golliwog and asserts
the criminal behaviour of that individual. Another such case is when the thesis is
an inclusive “or” (�� � or both); P can choose to defend p or to defend q, and need
not defend both.

P has won a (sub)discussion opened by O as soon as he/she has won
one line of defence in this (sub)discussion.

If P fails to defend�
 (on the basis of Con
) in one line of defence (a subdiscussion
following a critical attack crit���
�, then he or she may, if time allows, attempt to
do so by invalidating O’s position in a new line of defence, and so on.

Each one of the — perhaps many — subdiscussions opened by O may occasion
several subdiscussions to be opened by P, so that the total discussion branches out
in two manners simultaneously.20

It is easier to take in the situation if we agree to say that each subdiscussion,
though perhaps opened at a later moment, begins right at the top, with � 	, the Op-
ponent’s concessions and the Opponent’s original challenge of � 	. I shall assume
that this agreement is made. Now notice that

20See examples in [Barth and Krabbe, 1982, 133ff], and in [Lorenzen and Lorenz, 1978].
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the Proponent may open lines of defence (against some attack on the
thesis or sub-thesis) by means of a counter-attack: crit��4�

on one of the Opponent’s (initial or later) concessions, U, in the subdiscussion
in question. There is, then, a crucial distinction between “line of defence” and
“discussion line opening with a protective move”.

There is a great difference between distinct lines of critical attack, opened by
the Opponent, and distinct lines of justificatory defence, opened by the Propo-
nent. Writers on problems of argumentation often disregard the importance of this
distinction.

As examples of “defining strips” for logical constants, take those for and and
the inclusive or:

U crit��4� prot��4� �� CA

�g� �P� �P �� �
� 
 � �� 
 ��P �, �
�� � � �
�� � -

The question marks may be read: “How do you defend that?” In the first case,
the one who uttered 4, a conjunction, must be prepared to be challenged both as
to � and as to �; in each case he or she may choose between a counter-attack on
the other party’s position and a protective defence of the attacked part of the said
conjunction. In the second case 4 is a much weaker statement and a critic can do
no more than express doubt, or scepticism; here the party who uttered it is free
to choose between a protective defence of �, or of �, or a counter-attack on the
other party’s position. A negation may be challenged by stating the corresponding
affirmation; there is no other way of defending ones position than to look for a
counter-attack.

The sentence constructors are now defined in terms of rights and duties pertain-
ing to the dialectical roles, with no reference to truth values or axioms. The rules
for the “quantifiers” (as they are still called) will be introduced in the next section.

III. Out of the fly-bottle

6 LIMBO 1: CHOICE-OF-INDIVIDUAL-CASE RIGHTORS

A world of impractical entities — Example 1: Arbitrary/fluctuating individuals —
Example 2: Infinitesimals — “Quantifiers?” Role-related rights! — Dialogical
analysis of Weierstrass’ definition — Example 3: Definite-individual descriptors
— So far: First-order pragmatizations
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6.1 A world of impractical entities

“Chimeras” will be our term for the impractical notions of impractical entities that
make discussion practically impossible. In any culture there are more chimeras
than we can deal with here. In our introduction we mentioned several of them,
from Impetus to the Bearers of Logos. All hamper effective discussion.

Many of them have been eliminated, some by moves towards a dialogical logic.
In this section we shall discuss three famous examples, in chronlogical order: “ar-
bitrary individuals”, “infinitesimal entities (or numbers)”, and descriptions of def-
inite individuals, such as “the present King of France”.

EXAMPLE 1 (“Arbitrary/fluctuating individuals”). Take, for a start, the cate-
gory “arbitrary individual”. The terms that are used to deal with them are called
“arbitrary terms”. What is the syntactic category of such terms? In order to for-
mulate dialogical rules for discourse involving them we need a clear answer to this
question. In many older texts no distinction is made between the concept of an
arbitrary M and the concept of being an M. (Such a distinction requires something
like a categorial grammar, and can probably not be made without recourse to the
concept of functions — semantical, syntactical and cognitive.)

In our century this ultra-vague notion, so closely connected with racist, sexist
or other typology, is rightly condemned, but not clarified. More and more “an ar-
bitrary individual” did give way to “an arbitrarily selected individual term” and
then to “an arbitrary choice (of an individual or term)”; nonetheless the word “ar-
bitrary” remained embarrassingly opaque. It served different ends: it was used in
modern deductive logic to formulate both the rule of Existential Instantiation (EI,
pertaining to the elimination of the operator there is by bringing in an individual
case) and the rule of Universal Generalization (UG, pertaining to the insertion of
the all-operator where only an individual case had been mentioned). In both cases,
the learner is taught, for the rule to be “valid” the individual-term must be “arbi-
trary” or ”arbitrarily chosen” — whatever that may mean. (Notice that in the first
case this requirement comes in before, in the second case after the individual-term
has been chosen!) But what is it to “arbitrarily choose” a triangle among a sea of
triangles?

No less important: what is it, and under which conditions, to “arbitrarily”
choose a human being a from a class of humans? At mid-century, after much dis-
cussion, a formulation was reached that would satisfy mathematicians and taught
to students of deductive logic, but no one is likely to say that logic had now reached
a stage adapted to practical use or to a logical scrutiny of discourse outside of
mathematics.

Around 1907 a romantic notion of the “free unfolding” or “free arbitrariness”,
accompanied by a notion of “free choice”, entered the scene of mathematics, as
elements of the creationist-intuitionist philosophy inspired by St. Augustine as
well as by German idealism. Here “free” goes together with “independent of the
Truth–Falsity distinction”, at the same time as exchange of thought and discussion
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are belittled; mathematics is now the life of the idealized Free (Creative) Sub-
ject. This mathematics of the one, lonely Subject is an excessively proud one:
“Like Kant, Brouwer founded a-priori mathematics on some ability of the individ-
ual mind to grasp reality directly” [Stigt, 1990, 180]. St. Augustine would have
rejoiced.

EXAMPLE 2 (‘Infinitesimal (beings, numbers)”). A sensational pragmatization
of the mathematics of dynamics and change was obtained when Weierstrass re-
placed the notion of “(fixed) infinitesimal number” with a new concept, that of the
limit of a series of differential quotients (a change in the value of some variable
divided by a change in the value of some dependent variable). When the value
change in the first variable is made smaller and smaller, the quotient �� between
the n-th change in the first variable and the n-th change in the dependent variable
sometimes does reach a limit, �. In other words, a limit may be reached when the
number, n, of differential quotients �� “grows and grows”.

Weierstrass defined the meaning of a statement about such a limit in the follow-
ing terms: “For every :, there is a number 8 (depending on :) such that for all
numbers n larger than this 8 , the difference of �� and the limit, S, is smaller than
that :”.

Briefly:

��:���8�����S� 6 8 � ,� � ��, � :T�

For some readers the latter, symbolic presentation of his definition is more precise
than — is a precization of — the same definition as given in ordinary language,
but not for all. Even on the symbolic reading the definition is usually not felt to be
intuitively clear.21

6.2 “Quantifiers?” Role-related rights!

The process of pragmatization is not complete until the rules answer the question:
Who is to select (the name of) an individual?

By “choice-of-individual rightors” we are referring to the seemingly simple
words “every” (everyone, every individual) and “some”. Let us call them individual-
rightors, for short.

Using abbreviations introduced above one can formulate rules corresponding to
common usage as follows:

4 crit��4� prot��4� ��

Everyone is P �P � is P
Some are P ? � is P

21Cf. [Davis and Hersh, 1972], which I criticized in [Barth, 1982].
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Or, in the (wider) modern terminology of syntactic/semantic functions:

������ �P ��
������ P ��

6.3 Lines of criticism (“attack”)

Above we dealt with pluralities of possible lines of “attack” and “defence” in a
general way. From the defining strips above in it will be clear that the rightor “For
all . . . ” expressed by one party offers such a plurality of possibilities to the other
party.

6.4 Effective discussions

It makes for effective discussions if both parties try to simplify the statements
involved as far as possible. In practice one often does this (though the purpose of
efficiency may not always be the strongest one among the purposes one is aware
of in practice).

One type of simplification consists in probing the tenability-in-debate in select
individual cases.

In case of an utterance using one of the linguistic forms Every individual is �
or All individuals are � , the right to choose an individual, �, falls to the critic: ”I
want a justification/defence of this as concerning the individual �”.

Thereby the party who uttered Every individual is F (as subthesis �
) becomes
committed to the simpler statement � is F (subthesis �
��), and has to defend it
when challenged — see Accountability (3).

An utterance of the linguistic form Some individual/s is/are � (or equivalent)
gives a critic no such right. The only way of expressing one’s wish to explore its
tenability in debate is to say so — briefly: “?”. (Lorenzen here spoke in terms of
doubt, “dubito”.)

Traditionally, words like “all” and “some” have misleadingly been called “quan-
tifiers”, in homage to a metaphysical distinction between “quality” and “quantity”.
We recommend to not accept this highly misleading term, “quantifier”, and to ex-
press this in our symbolism:

4 crit��4� prot
�4� ��

���� �P �� � chosen by critic
���� ? �� � chosen by the party who

stated 4

Or, in terms of that party:

������ �P �� � may be chosen by you
���� ? �� � to be chosen by myself.

(Observe that in the course of a discussion, the Proponent of the initial thesis as
well as the Opponent will sometimes act as speaker, at other moments as critic;
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in other words, that all these rules are symmetrical in relation to the Proponent-
Opponent distinction.)

6.5 Dialogical analysis of Weierstrass’ pragmatization

However, a further pragmatization of Weierstrass’ pragmatical definition in terms
of dialectical roles may help. For (ii) can now be read: : �8���, where superscript
< indicates the critic’s right to choose a tolerable value of : and superscript 0 the
speaker’s own right to choose a lowest value of 8 :

“You may choose an error (:) that you will tolerate as to the practical deviation
from the � in my statement; then I am prepared to provide an ordinal 8 such that,
whichever ordinal � you may subsequently choose, I am prepared to defend that
the difference ,� � ��, is always smaller than the : you say you can tolerate,
provided � 6 8 .”

Now the sequence of operators in Weierstrass’ definition has in fact become one
of I’s and you’s in a certain order, indicating that choices be made in that order:

:���8 ����� / if � 6 8 , then ,� � ��, � :�

Note, again, that the person who utters a limit statement ����� ^ � (when � is
increased), and who, on request, offers :�8��� � � � as a precization, may well be
the Opponent in the discussion! Let us repeat:

1. For an utterance dominated by a universal operator: ������, any critical
listener who participates in the discussion may select a value of �, say ��,
and require a justification (defence) of ���.

�� has been called either an “arbitrary” or “arbitrarily selected” individual.

2. For a sentence dominated by an existential quantifier, ������, the rule is:
the speaker may select a value of �, say ��, and defend ���, if challenged.

But ��, too, was called “arbitrary” or an “arbitrarily selected individual”! That
is to say, “arbitrary” or “arbitrarily selected” was used so as to cover both cases
indiscriminately — whoever did the selection (or, in whichever logico-semantical
role the reasoning person, if alone, did the selection). However, having now rec-
ognized the logical importance of the two roles — which no one had done before
1960 — we no longer seem to have a job for the term “arbitrary”, which appears
as a hopelessly uninformative old ontological fog. A vague ontological category
has been replaced by a pragmatical distinction.

In terms of Aristotle’s variables � (“subject term”), � (“predicate term” — do
not confuse this use of “� ” with the use of “P” for “proponent”!) — and @
(“middle term”):

To “arbitrarily choose” an individual with the property � given a universal
premise All �s are � , is not the same as “arbitrarily” choosing an individual with
the properties � and � in such a way that from this � is � one can conclude that
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All �s are � . Nor is it the same thing as “arbitrarily” choosing an individual with
the property � on the strength of a premise Some � is � . And yet the locution
“arbitrarily” is used in all these cases! But all these uses of “arbitrary” can be
missed.

Due to Weierstrass’ pragmatization of the (differential and integral) Calculus,
as it is now called, the more general metaphysical notion of “infinitesimal being”
suffered degradation as well. Its mathematical uses, being clearly superfluous,
could no longer endorse its value.

Did the notion of “infinitesimal being” disappear? Not in the nineteenth cen-
tury, for too much speculation was made to depend on it. Idealist philosophers
in particular attempted “to interpret the differential as having an intensive qual-
ity resembling the potentiality of Aristotle, the conatus of Hobbes, or the inertia
of modern science” [Boyer, 1959, 305]. More recently it has been shown, on an
unpragmatical model-theoretical basis, that it is feasible (though not necessary) to
go on with non-primitive artifacts called “infinitesimals”, defined in that model.
The model-theoretical conventions that make it possible to postulate “infinitesi-
mal” numbers without running into contradictions will appear thrilling to some
mathematicians, to others they are just superfluous. Thanks to Weierstrass, Beth
and Lorenzen we possess a reformulation of the logic of movement and change
that invokes no impractical chimeras. A successful pragmatization.

EXAMPLE 3 (Definite-individual descriptors). Now take statements with a de-
scription defining an individual, such as “The President is bald”. Here the rightors
come in another order and have other scopes. Given Bertrand Russell’s analysis
of the logic of such definite descriptions of individuals, and given the defining
“strips” for individual-rightors, the further pragmatization is now easy: Ask for a
“precization”!

What Russell’s “theory” does is to offer such a precization. I.e., challenge any
statement of the form�.

The (one and only individual) � is ),

or in international symbols:

)�A�����,

by the challenge Prec? Direct defence move:

����S��g)�g��"���" � " ^ ��T, and so forth.

In terms of our choice-of-individual rightors:

�� / � is President of France and � is bald (and, furthermore, if " ���

is President of France, then "��� is identical with �� ).

From here the discussion moves further as described by the strips for these rightors.
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So far we have found the solution through first-order pragmatization. On our
two-role reinterpretation of “all” and “some”, it becomes remarkably easier to
lift the veil of mystery from some particularly opaque terms that have mystified
authors and readers, teachers and students since time immemorial. Given the
strips for the individual–rightors, the expressions “individuum vagum”, “indefi-
nite/floating individual”, “arbitrary individual”, “arbitrary choice”, have no addi-
tional job to do in our minds and none in language. They may be relegated to the
same museum that accommodates “impetus” and “ether” (a presumed carrier of
electromagnetic waves).

7 LIMBO 2: RIGHTORS OF HIGHER ORDER

Chimeras of the upper worlds, and second-order pragmatization, Def. 16, Def. 17
— Intentionality and the subject-object distinction

7.1 Chimeras of the upper world, and second-order pragmatization

The language of “being”, “substance”, “essence” (German “Wesen”), “form” in-
volves so-called “generic” terms (descriptions) and statements.

Such language does not easily make for effective dialogue. But how do we
recognize it? Let us say:

DEFINITION 16. An utterance The (or a, or an) � is � has, for the person NN,
in a certain context, a truly “generic” sense if and only if NN does not, in this
context, regard it as fully synonymous with some statistical result or assumption,
nor with any one of the following: Every � is � ; Some � is � ; Most �s are � ;
The one and only individual � is � .

(Notice that we do not refer to arbitrary or floating individuals here either!)
We said in the Introduction that since triangles possess no DNA, not all “generic”

terms can be understood the same way. This definition covers all of them:

DEFINITION 17. From a dialogical point of view, any truly “generic” locution
has a message meaning of the following form: “There is some principle, plan,
recipe, metaphysical system, “middle term” (Aristotle), theological dictum, natu-
ral law, juridical law, axiom system, genome, scientific theory, or other background
conviction, or some social institution, @ , such that on the strength of @ , each and
every individual � is � , whatever it may look like in the phenomenal world.”

The situation is even more involved, since many uses — historical or contem-
porary — of generic sentences contain, overtly or tacitly, a notion of potentiality:
“The (a, an) � is potentially � ”. However, outside physics an ontological notion
of a “potential” has no clear dialogical meaning-in-critical-use.

In other words, the dialogical sense of a truly “generic” sentence is this:

��@� �� Every � is � �
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that is to say

�@ �� �� Every � is ��

In this Limbo pragmatization by means of first-order rightors is not possible. We
had to avail ourselves of a second-order one, �@ .

The world at large has confounded “generic” with first-order “universal” as well
as with first-order “existential” sentence forms, thus making effective discussion
impossible.

SUGGESTION. An argument should be deemed dialogically invalid if (but not
only if) it contains syntactic elements for which no dialogical strips corresponding
to or sharpening the usage can be formulated.

This will usually be the case whenever the syntactical category of the non-
referring particles employed is not clear.

From a dialogical point of view the problem is this: can a participant in a dis-
cussion challenge the other party’s generic locutions? If so, can the former party
defend that locution against that challenge?

On our definition this is the dialogical solution:
When addressed with a generic utterance, ask the speaker for the @ -value on

which the utterance is based!
Writing down the defining strip is now easy; for many users of language, giving

a defensive reply will be hard.
The approach to the logic of generics by Hoepelmann and Van Hoof [Hoepel-

man and van Hoof, 1993; Hoof, 1995 ]), though probably adequate for the lin-
guistic intentions of (semi)modern users of language, in my opinion leaves the
semiotical “intentions” in our political and cultural use of generics out of the pic-
ture. These language-born intentions can be discerned from a study of the total
logical-semantical network in which generics occur.

Given the formalization� of elementary logic some hundred years ago, the cat-
egories “floating individual” and “free arbitrariness” no longer have any technical
jobs to fulfill. However, several minds have since missed their theoretical position
in logic as general forms�. Both neo-Thomists and German-idealist philosophers
have held that an argument from Some � is 	 involves a “middle term” (the ex-
posed term) that stands for an indeterminate or floating individual “of a general
nature”. In order to study such a floating individual Augustinian epistemology is
called in. Each such generalized individual should be understood and cherished as
a “vague and undetermined subject, taken as a whole” as an “indefinite species”
(Maritain), “a logos-bearer” (von Freytag). Our grip of the upper world would
suffer from their demise.

By bringing in second-order dialogical rightors and their semantics we have
eliminated this technical chimera of pre-dialogical logic — without losing the op-
portunity of using the traditional vernacular of “generic” terms. Our confidence in
our own grasp of the upper world may suffer; on the other hand, the philosophy of
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generalized individuals did not support effective discussion, as our second-order
rightors do. You cannot have it both ways.

7.2 Intentionality and the subject-object distinction

“Intentionality” is another, epistemological ingredient of the traditional limbo’s.
In this case we do not (yet) speak of a chimera. However, if theories of intention-
ality can be pragmatized at all, it will be impossible to do so without attention to
the dialogical turn. Dialogical philosophy ”deconstructs” the philosophical model
of transcendental intentionality, substituting Buber’s category of between [The-
unissen, 1977]. Dialogical logic incorporates this notion: arguments do not stand
up by themselves, they are made and judged between human beings. The relation
between proponent and opponent may be asymmetrical, but, as Lorenz says, the
dialogical principle removes or suppresses the division into “subject” and “object”
[Lorenz, 1992].

8 “BASIC” AND “PRIVATIVE” CATEGORIES

A logic of formerly privative categories — From privative to primitive

8.1 Formerly privative categories

Like other cultural constructions, the outlook on logic traditionally had a founda-
tion in the terminus ad quem — a goal taken from religious aspiration: Belief,
Certainty, Truth, Insight, Symmetry, Rest, Agreement, Harmony. A strong trans-
formation consists in shifting from these values as regulating values for logic, to
the practical values of contending citizens, lawyers and working scientists: how to
reduce initial doubt through the elimination of possible mistake, possible fallacy
and possibly invalid argument (all of them formerly privative categories).

In addition the strong transformation benefits from a positive attitude towards
such categories as Movement and Flux of opinion.

8.2 Old terms: from “privative” to primitive (basic)

Aristotle called a term or category “privative” when — to him — it signalized a
mere absence (privatio) of one of the categories he and other Greeks philosophers
selected as logically fundamental.

Like the Method of Semantic Tableaux, DL breaks through the Greek set of
logical fundamentals, putting “logic” on its head: its basic categories often already
are chosen from among the mere privatives of Greek and later Western logic. In
language, privatives are usually indicated by an initial particle a-, de-, dis, mis-,
in-, non- or un-. If we use capital initials for fundamental (theoretically basic)
categories, here are some examples: dis-Agreement; dis-Belief; un-Certainty; im-
Precision; ir-Relevance; mis-Understanding; un-Truth; in-Validity. Much of DL
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consists in adopting former “privatives” as one’s basic categories. Their negative
names then become a hindrance for the logician, and are better exchanged for non-
negative ones (which sometimes have to be constructed).

In the following chart we offer some suggestions. The terms on the left with
capital initials are “fundamental” terms of the tradition, those with capital initials
on the right stand for concepts that come more and more to the fore as new theo-
retical primitive terms.22

Old Fundamental Concept NEW PRIVATIVE CONCEPT

OLD PRIVATIVE CONCEPT New Fundamental Concept

Agreement dys-conflict
dis-agreement Conflict of opinion

Belief; Self-evident non-query; in-dubitable
dis–belief Doubt

Certainty carelessness, unconcern
un-certainty� Concern, Caution, Prudence
un-certainty� Heisenberg’s lenience

Conviction non-query
lack of conviction Query

Harmony (cognitive), non-flux, stagnation
dis-harmony Flux of opinion

Precision� non-ambiguity, . . .
im-precision� Ambiguity, Chaos, Fuzziness

Precision�, degree of in-tolerance, degree of
im-precision� Tolerance (of measurement)

Quietism, Rest, “Logical non-Critical attitude
stability”,
de-nunciation (see right) Criticism, Critique, Investigation

Relevance, degree of im-perturbance, degree of
ir-relevance Perturbation, Dialogical —

Truth
un-truth Falsity
mis-take Error

Understanding mis-upperstanding
mis-understanding Blooper, Upperstanding

22A perspective presented to the Henri Poincaré Congress, University of Nancy (1994), published as
[Barth, 1996].
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Observe that whereas the former fundamentals reflected intended ultimate goals,
and hence could be seen as fundamental values, this is no longer the case. The neo-
primitives (neo-fundamentals) do not themselves also to stand for positive values
(though they may be explained as offering an instrument that demonstrably satis-
fies positive values or norms).

DL may be called “a logic of former privatives”.

IV. Other aspects of logic in dialogue

9 MORE DIALECTICAL RIGHTORS IN LANGUAGE

Pragmatizing sentential logic: connectional rightors — Pluralities of attack and
defence — Virtual conjunction — Pragmatizing modal logic: modality rightors

9.1 Pragmatizing sentential logic: connectional rightors

The use of sentence connecting words like “and”, “or”, “not”, . . . are understood to
carry with them certain possibilities for “reasoning”. So-called “natural deduction”
consists in the employment of rules of rights and duties for the solitary reasoner.
Many deal with them as functions of truth and falsity.

Lorenzen set out to render their meaning-in-critical-use, defining them in terms
of the rights and duties they impart on the participants in a critical discussion.
We introduced some common “connectional rightors” (as we shall call them) in
Section 5.15. Though the natural-deduction rules for these connectors may be
called “more pragmatical” than the axiomatic forms of definition that preceded
them, the above dialectical definitions are more pragmatical still. At first sight
they may not seem to have much to do with the elimination of chimeras, but they
contribute crucially to the pragmatical dialogical goals we have already discussed
in the sense of being necessary conditions for achieving those goals.

9.2 Pluralities of attack

When �
 is a statement of the form �g� the Opponent likewise has more than one
way of directly attacking it:

...
�g�

1 2 1 2
�P �P

In order to defend his/her position as before uttering �g�, the Proponent now
has to defend his/her position in the first as well as in the second subdiscussion
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introduced by O. In other words, in order to invalidate P’s position it now suffices
for O to refute P’s defence in one of the two subdiscussions. So O has a good
reason for trying the second possibility of refutation should the first fail.

A similar case arises when the Opponent in the course of the discussion has
uttered some sentence of the linguistic form �
 � and the Proponent at some point
chooses to defend his/her position indirectly, by an attack on that sentence.

9.3 Pluralities of defence

Now suppose �
 is a statement of the form � 
 �. The Opponent has only one
possibility of critical attack. Now the plurality of acceptable retort is on the Pro-
ponent’s side:

...
? � 
 �

1 2 1 2
� �

9.4 Virtual conjunction (etc.)

A general standpoint (“thesis” in a wider sense) may contain virtual conjunctions
(as we may call them) — seemingly separate theses �� � which are not overtly
connected into a sentence �g�. It may seem obvious to some, but is not necessarily
so to others, that the Opponent can deal with this situation as if � and � were indeed
connected by and. Similar things could be remarked for other logical constants.

In short, the study of the various kinds of situation that make for the opening
of new sub-discussions that can be portrayed in new sub-tableaux should preceed
any attempt to add “new” theoretical topics.

9.5 Modality rightors

In two stages the metaphysical semantics of “possibility” and “necessity” was bent
away from the impractical category “essence”, first, by a semantics based on the
notion of a multitude of “possible worlds”. This extricated the modal categories
from their earlier connection with classification and moved them towards a wider
modern logic. From there they could be reinterpreted, without theoretical loss, as
pertaining to a range of “discussion levels” ([Inhetveen, 1982], with reference to
Marcinko; [Krabbe, 1986]).

This pragmatization of modal logic ties up with the following distinction of
“dogma” and “conviction”: “a dogma” may be defined as “a conviction that one
is not prepared to discuss at all”. The only dialogically befitting dogma then is:
“There are convictions of mine — though I do not know which ones — in which I
may be wrong”.
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In this spirit some logicians have exchanged the semantical-logical term “uni-
verse of discourse” for “universe of discussion”.

Deontic terms such as “ought”, “obliged”, “duty”, with “may”, “free” and
“right”, “permitted” and “forbidden”, can undoubtedly be treated in similar man-
ners, resulting in deontic rightors (my term).23

Paraconsistency: Mackenzie and Priest [1990], most recently by Rahman and
Carnielli [1998], apply a dialogical perspective, the latter authors in DL terms.

10 ADDITIONS TO METALOGIC?

The Theory of Games — Olga and the Pope — Which system of modern logic is
dialogically more natural than the other ones? — To which extent are dialogical,
semantical, deductive (etc.) conceptions equivalent?

10.1 The theory of games

In 1958 Beth gave a lecture to mathematicians in which he said:

“[We must] try to eliminate such subjective, and sometimes even mys-
tical, elements as can be found in most intuitionistic writings. . . . [An]
explanation in terms of the theory of games seems to be the more con-
venient in various respects. We imagine the following game between
two players, � and 	 . . . ” [Beth, 1959b].

That same year Lorenzen wrote:

“It seems to me that the understanding of logic that I develop be-
low . . . is independent of the peculiarities of the philosophizing of
Brouwer about thinking and speaking. . . . We imagine 2 persons . . . ”. 24

10.2 Olga and the Pope25

Perhaps the very notion of “metalogic” could do with a few pragmatical additions.
As an illustration of the importance of being able to formulate logical rules the
dialogical way, it may suffice to imagine a discussion between the Pope (or other
person with the power of influencing the world by decree) in the role of Proponent.
Now suppose Olga, or Otto, would like to act in the role of Opponent:

23Cf. also [Lorenzen, 1969].
24Beth [1959b]; see Velthuys–Bechtold [1995, No. 543]; Lorenzen around 1958. In the nineteen-

seventies Hintikka reconstructed Beth’s semantical-tableau method in a manner that introduces one
role, “Me”, in which someone operates versus “Nature” (to call this a role would seem forced). His
semantical material was not yet that of human dialogue [Hintikka, 1979, n. 11], nor did he at that
time pay noticeable attention to the wider potential of logical revision the earlier contributors — Beth,
Heyting, Lorenzen, Naess — were looking for. This reconstruction is a concrete case of no-role-to-one-
role pragmatization (“weak pragmatization”, above, Section 3). Such a transformation of objectivist
theory into a Kant-like epistemic theory of logic could also be called a Kant transformation.

25Cf. Barth and Krabbe [1982].
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Olga Pope
Con �	

crit���	�

Will the Pope react? Does the linguistic form of the Pope’s thesis allow for a
critical attack at all? Or did he choose a way of expressing himself such that
nobody would be able to say how to open a critical attack on any thesis of such a
linguistic form?

10.3 Which system of modern logic is dialogically more natural
than the other ones?

Lorenzen’s university teacher, operationalist philosopher of science Hugo Dingler,
had looked for first principles in semantics. Lorenzen himself was inclined to
seek the firmest ground somewhere within mathematical thought, of which several
creeds and versions are known. Heyting and Beth had given Brouwer’s creationist
anti-dialogical intuitionism more dialogue-prone interpretations, so that you could
now defend a dialogical constructivist outlook. Lorenzen’s operationalist training
gave him the idea that, from a dialogical point of view, in its two-valued formal �
logic was somehow “less obvious” than formal� logic in its weaker constructive
form.

However, already from the beginning (around 1958) Lorenzen realized that the
whole difference between the two logics boils down to the question of one right
more or less to the Proponent [Lorenzen and Lorenz, 1978, 8]. This right — to
make use, at any stage, of everything the Opponent said in the discussion so far
— makes the discussion (as it were) “two-valued”. In general, the rule allows the
Proponent of the initial thesis to return from the defence of a later subthesis to the
defence of an earlier one. This rule can be shown to correspond to the assumption
of objective “truth-values” for the statements involved. 26

In other words, the “weaker” constructive logic is, in dialogical terms, stricter
than the two-valued one from the point of view of the Proponent. Hence in a
constructivist dialogue the Opponent sometimes — notably where notions of non-
denumerable infinite sets are involved, a problem sphere we need not worry about
here — has a better chance of not losing the argument.

With this additional rule the Proponent can assume � whenever the Opponent
rejects not �.

Constructive dialogue logic does not deal with the truth-falsity distinction. This
does not mean that it knows no definition of negation. Its notion of negation con-
sists in one assumption — one conventional rule, namely: when an absurdity is
stated, the critical listener of the moment, whether Proponent or Opponent, may
without loss subsequently utter any sentence whatsoever (“if one absurdity is al-
lowed, then anything goes”).

26It also mirrors a rule already known from deductive tableaux, cf. Beth’s lecture in 1958[1959b].
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Stricter yet (to the Proponent) is Johansson’s “Minimal logic”. Minimal logic is
defined as what remains when this possible convention is thrown out; instead one
agrees on another rule: “As soon as someone utters an absurdity the discussion is
closed, with loss for the other party”.

Anything weaker (stricter to the Proponent) than that, Johansson says, is not
worthy of the name “logic”. Hence the name “Minimal logic”.

Minimal dialogue logic is, therefore, a slightly simpler system — it contains one
rule less — than constructive dialogue logic, which is slightly simpler than two-
valued logic. It does not follow that one of them is “more natural”. In practice,
choice will depend on agreement (Section 5, on conventions).

For the purpose of practical application the following is of great importance:
It is easy to show that negation in one of the traditional “logics”, viz. the

Hegelian logic (also called his dialectic), is even weaker than Minimal logic, and
that it does not allow for rules for critical discussion.

10.4 To which extent are dialogical, semantical, deductive (etc.)
conceptions “equivalent”?

If we understand the “equivalence” of methods as the algorithmic convertibility
of an application of one method into an application of another method, then the
answer is yes. The condition is that one refers to well-defined and well-known
formal� analytical methods and definitions. The question is often put in terms of
the “completeness” of one method relative to another (historically, most often of
deductive methods relative to semantical and model-theoretical methods). One can
speak of this concept as the concept of algorithmic formal� equivalence.

The algorithmic equivalence of the dialogical-tableau method for first-order
DL� with the semantic-tableau method was clear to Lorenzen from the outset, as he
explains in a letter to Beth in 1959. The latter method is demonstrably formally �

equivalent (aequipollent) with the method of deductive tableaux, the method of
natural deduction and the earlier method of axiomatic deduction [Beth, 1962].

Taken together, this is to say that a desired conclusion can be shown to follow
deductively from given premises if, and only if, a Proponent of the said conclusion
has a winning strategy vis-à-vis any Opponent who concedes these premises, in
a discussion that has this desired conclusion as its initial thesis. Formally�, it is
therefore fully warranted to allot the central position in logic to the dialogical point
of view.

However, “equivalence” of methods can also be understood as the much wider
concept that fully takes in the practical perspectives we have dealt with above.
With this concept of equivalence in mind in our theory of logic we must conclude
that the deductive methods — the axiomatic procedures, the methods of natural
deduction — are certainly not theoretically equivalent to the dialogical procedures.
In dialogical logic, formally� nothing is lost; pragmatically it opens new vistas.

In the service of clarification through “precization” of separate principles of a
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moral or of a political character, an axiomatization of systems of such principles in
a given discourse is indispensable. Current examples of elementary model theory,
usually taken from mathematics, are in need of complementation with examples
from systems of scientific, moral and political principles.

11 SUITABLE CASES FOR TREATMENT

Extending the accessibility of logical theory — Great expectations — Missing: a
survey of practice in various fields — Logical self defence, political discourse, and
education — Dialectical forecasting

11.1 Extending the practical accessibility of logic and logical
semantics

Of many branches it is to be expected that their practical potential will be be better
understood after a pragmatization in our present sense. Among the more promis-
ing candidates let us mention: ambiguity and vagueness; definition; deontic logic;
formal� logic of higher orders; game-theoretical semantics; game theory; inductive
logic and reasoning under uncertainty; interpretational and conversational princi-
ples; intertextuality; metalogical parts; non-monotonic logic; 27 preciseness; pro-
et-contra, pro-aut-contra analysis; rationality; refutational logic; relevance; truth
concepts. To carry this out is professional work. As we have seen, in some of
these fields the work has begun.

A particularly consequential field in this connection is that of the logic of con-
structing counterexamples (Beth), developed about the same time as Łukasiewicz’
refutational logic and related to it in spirit. Whereas in formal� logic the dialogical
representation mirrors Beth’s refutational method of semantic tableaux, strangely
enough Łukasiewicz’ approach has not yet been approached as an intersubjective
problem.28

The logical technique of reductio ad absurdum, beginning from a false assump-
tion, has been the object of criticism by Schopenhauer, Goblot and others, who
seem to have experienced this mode of “reasoning” as immoral. 29 A dialogical
pragmatization vindicates it.

As to fallacies, one should take to heart Woods’ reminder that the concept of
fallacy is “not a unitary concept”, together with his corollary that no unitary treat-
ment of types of fallacy should be expected [Woods, 1994].

Since 1974 at least, Woods, in part in co-authorship with Walton, offers acute
practical analyses appealing to various branches of modern logic. It seems to me
that an effective pragmatical understanding of what is involved in the various fal-

27Cf. the definition of cumulative logic in [Barth and Krabbe, 1978].
28Cf. [Tamminga, 1994], which may be read as a preparation.
29This is discussed in Ch. III of [Beth, 1970].
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lacies can only be had via a dialogical pragmatization of the logics concerned
(inductive logic, relatedness logic, etc.).30

There is a lot to be done. That Montague’s pragmatization of logical semantics
can be yet further pragmatized — in the present sense — is demonstrated in [Barth
and Wiche, 1986].

Other fields argumentation and rhetoric; cognitive science and theories of “rep-
resentation”, linguistic and mental; education and didactic authorship; 31 ethics and
morality; legal theory and philosophy of law; political science, propaganda and po-
litical culture, and prejudice; psychiatry; sociolinguistics, with theories of inclu-
sion and exclusion (dialectical fields, verbal self defence); theology, particularly
theological discourse among humans.

Toulmin’s notion of the “field-dependency” [Toulmin, 1958] of argument may
be put in dialogical terms; see, for instance, [Johnson, 1993]. The same goes for
applied and other applicable parts of mathematics.

11.2 Great expectations

For each new addition to logic or to logical semantics, some persons of a meta-
physical bent seem to expect it to work wonders. At the advent of many-valued
logic the hopes were enormous. Modal logic was expected by some to be able
to improve medieval efforts to demonstrate the existence of God. More recently
fuzzy logic was supposed to be revolutionary. Above we mentioned a case in which
mathematical category theory was used in the hope of reverting to pre-modern rep-
resentational forms bolstered by the high-status field of mathematics.

Let us repeat that dialogue logic is not recommended here as a panacea for
all problems. It had better be treated as an ingredient giving form to Albert’s
“methodological revisionism” programme [Albert, 1996]32 — a promising remedy
against relativism and total skepticism alike.

Extension of this empirical-revisionist outlook to logic itself was not originally
part of the critical-rationalist programme. In the late nineteen-thirties the young
Naess came close to it, but Beth and Lorenzen seem to have been the first to intro-
duce it more explicitly as a criticism of the philosophy of logic itself. 33

30As Martens and I suggested, the discussion of fallacies in[Johnstone, 1959, 3f.], though admiringly
concerned with what we call the Opponent’s position, is still unclear, because Johnstone does not
sharply distinguish between the roles of opponent and proponent in respect of a certain thesis � . Cf.
[Barth and Krabbe, 1978, 89f.].

31Compare van Bendegem [1982; 1993], Barth [1977].
32In English: “The myth of the framework and modern anti-realism. Criticism of the idealist relapse

in contemporary thought”.
33Cf. Naess [1956; 1992a; 1992b].
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11.3 Missing from the study of logic: a survey of logical practice
in various fields

Whenever the logic of science concurs with the spirit of dialogue, conversational
principles, as Grice calls them, can be taught from scientific practice. Debate may
seem a substantial component of all scientific discourse, but not every philosophy
of science and not every practicing scientist subscribes to this outlook.

A good example of a “conversational principle” in scientific logic is the prac-
tice of systematically referring to related scientific material — to finding places;
to origins, theoretical and terminological, whenever the theory is not yet interna-
tionally established; to opponents and future opponents. The practical logic of
mathematical philosophy shows enormous differences here, even within one and
the same country. For exemplary cases of a dialogical horizon, notice the enor-
mous bibliography of works discussed in [Beth, 1959a], as well as the civil dia-
logues between imagined mathematical colleagues of differing persuasions, one of
whom introduces constructivist mathematics — not yet itself dialogically formu-
lated — to the other ones, in [Heyting, 1956] (the title is dramatically misleading).
The peremptory intuitionist Brouwer, on the other hand, “seems to imply that only
those with whom he ’can do battle’ are worth investigating” [Stigt, 1990, p. 129];
cf. Lorenzen in [Lorenzen and Lorenz, 1978, p. 2].

Biological, political, and geometrical discourses have, unexpectedly perhaps to
some, a logical history of ideas in common. In all of them: look out for “floating
individuals”, “genera”, “two-ness”, and “types”. Political discourse is studded
with uses of the generic sentence form: the (general) A, the (general) A as such,
and so on. It has been detrimental to an understanding of the importance of this fact
that most frequent example given has been “the Triangle”, for this is the one case
in which a premise every A is B and a premise the (general) A is B are presumed by
everyone to allow for the same conclusions. On the other hand, neither in practice
nor in theory has the sentence The Rose is beautiful been regarded as equivalent to
All roses are beautiful, nor has The Jew is so-and-so, used by anti-semites, been
taken by them or by anyone else as equivalent to All Jews are so-and-so, hence
refutable by means of a counter-instance.

As for biological discourse two remarks are due. The first is that today the
concept of genus and species is much criticized even among theoretical biologists.
The second, that its dangerous uses is most visible within sociobiology, where it
produces obstacles for effective discussion (cf. Kitcher, Van Laar).

As for political discourse, there is a remarkably high frequency of generic uses
of terms particularly in extremist politics — fascism, nazism, communism, and
other varieties.

In physics, generic categories have given way almost completely to the category
Function.

The theory of special relativity is an interesting case. The theory itself may be
in no need of dialogical reformulation, but the understandability for non-physicists
might well be enhanced by a reformulation in the terminology of dialogical logic.
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Einstein’s relational theories of physical relativity exemplify the value of theory
pragmatization as a means to combat “relativism” as that word is used in the con-
temporary discussion. They demonstrate that by relating descriptions of measure-
ment to the measurers’ co-ordinate systems and their relative velocities it becomes
possible to maintain a notion of objective truth in the sense of intersubjective truth.
They go against the present-day fashion of rejecting “objectivity” in favour of
laissez-faire relativism and subjectivism that invite overall attitudes (cf. Albert’s
1997 attack on the “myth of the framework” in modern anti-realism).

In atomic physics an attempt has been made to clarify the theoretical particle-
wave antagonism by representing the experimental situations in Lorenzen tableaux
[Mittelstaedt, 1978].

“Reasoning”. One author looked for a connection between “logic” and reason-
ing without finding one [Harman, 1984]. Mackenzie concludes [1989] that one
has to take in also the logical constants — which is precisely what Lenk did in
1968. Here the neglect of major non-English language publications is particularly
grating.

Mathematics. Though no one has as yet statistically proved it, interest in the
logic of dialogue seems to be positively correlated with an interest in systematical
empirical research concerning logics as used in practice (as in [Barth et al., 1992]).
Naess [1953] is a case in point.

“What happens when X sets out a mathematical proof to X? How can Y put
forward questions to X in such a setting?” Van Bendegem asks. Starting out (in
1982) from the correspondence between Frege and Hilbert (on the foundations of
geometry), via an interlude (1985) where he attempted to see the dialogue as a
filling in of missing steps in a “top-down” analysis, he returned to the empirical
approach, collecting elements for a realistic model of mathematical practice (1985,
1993). Kitcher has subjected both mathematical and sociobiological discussion to
a careful analysis.

11.4 Logical self-defence, political discourse, and education

A contemporary textbook on informal logic carries the significant title Logical
Self-Defence [Johnson and Blair, 1994], most recent edition 1994. This title con-
trasts interestingly with Plato’s and Augustine’s epistemology of intuition/insight.
The necessity of verbal self-defence invites a scrutiny of the “dialectical fields”
of attraction and repulsion, or, inclusion in and exclusion from participation in
dialogue.34

11.5 Dialectical forecasting

In politics, political science and sociology the notions of “dialectics” are often
traditional, non-verbal, and anti-dialogical. The same holds of political and theo-

34Barth [1977; 1985d]. Prejudice is discussed in [Barth, 1981; Rose, 1990].
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logical practical discourse. Self defence by logical means is not contemplated.
In order to make dialogical logic ready for political use it will be necessary to

familiarize the population at large with the unmistakable dangers of generic argu-
mentation. Schools must explicitly recommend a switch to other vernaculars when
available — for instance, a switch to expressing opinions in terms of functions and
vectors, etc. In addition they should initiate their students into the differences be-
tween the many ranges given to the hidden second-order variable “@” in practice
(see Section 7.1). Then one can go on to recommend that listeners in a debate ask
for a specification of this variable; demand a clarification as to whether every � or
only most �s or . . . must be � , or perhaps “can” be � , or “is potentially � ”, . . . .
And: don’t forget to make use of the possibility of casting doubts on @ itself!

Some critics do that already, in very involved academic discussions, but they
are seldom successful. Many, many more do not even know how to start such
theoretical discussions and go through life in an ocean of generic locutions with
monstrous consequences, unaware of what is, or ought to be, their dialogical rights.
Theological discourse among humans comes in here, too.

Before the gargantuan bloodlettings in the 20th century, logicians were not only
without educational influence, they were totally unequipped to make use of such
influence had they possessed it. Yet there is no reason at all why forecasting of
oncoming semantical/dialectical storms and the direction they come from (“di-
alectical forecasting”) should not be just as feasible as forecasting of ordinary
weather.35

V. Cross-cultural logic

12 LOGICS IN INTER-CULTURAL DEBATE

“Between the cultures there can be no reason” — Logic as the critique of logics.
Empirical methods — Imaginal functional compensation — Logemes

12.1 “Between the cultures there can be no reason”

As criticist thinker Hans Albert recently pointed out, this dictum of Oswald Spen-
gler’s was a main source of the relativism, pessimism, and hopelessness that coun-
teracted effective intervention in the development in the interbellum. Albert em-
phasizes that today a similar philosophy of cultural difference influences our out-
look on extremist beliefs.

Professional logicians aiming at the applicability of logic in political practice
will sooner or later have to address the fact of (il)logical variety. There is no need
to claim at the outset that all logics have, or that they do not have, a common
nucleus, or that all extant forms of mental or verbal logic are of equal value. In

35An image that is used both in [Barth, 1982] and in [Woods, 1993].
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the opinion of the present writer, some are remarkably better than others. But
variety there is. An empirical interest in this variety may take the form of research
into the history of logic that does not exclude dubious developments (non-whig
history of logic, cf. Russell, Beth, Geach, Rescher, Hacking, Kitcher and others).
Thanks to Foucault’s and Rorty’s writings the importance of historical studies for
the pragmatically minded has become clearer to a large audience.

12.2 Logic as the critique of logics. Empirical methods

In sum: in the interest of the further development of a dialogical logic knowledge
of different logical apparatuses (and of their respective powers) is required. No-
tice that to have an empiricist attitude towards the foundations of logic does not
necessarily mean that one takes an interest in the human variety in matters of logic
and the application of empirical methods for the study of this variety. Logic as the
critique of extant or historical logical theory will have to develop from empirical
descriptions.36

Here the study of Arabic, Chinese and Indian texts on logic comes in. In
this respect probably no single person has done more real work than Nicholas
Rescher, who significantly has also discussed dialogical procedure in epistemol-
ogy [Rescher, 1977]. Furthermore, field work reports from cultural anthropolo-
gists delivers material and important insights — Malinowsky, who inspired Naess;
Durkheim; N. Sombart. Sometimes these insights are strikingly similar to studies
by working logicians:

12.3 Imaginal functional compensation

Consider two different systems of linguistic (or merely cognitive) representation,
both intended to assist us in our attempts at producing good arguments; let us call
them S1 and S2, and let “f” be a variable for, as Geach puts it, the “logical jobs”
(functions) for which some linguistic representation or other is taken to be needed.
(Examples of such logical jobs abound: the task of expressing non-adherence to
a statement; the task of expressing a belief in some kind of generality behind a
specific utterance; and so on). Now assume that in S2 a representational category
or principle R is employed in order to do a certain logical job whereas in S1 this R
is unknown. For an adherent to S2 this may seem to indicate that adherents of S1
have no linguistic and no cognitive instruments meant to carry out that logical job
— the (sub)culture in question may not even have discovered that in the process of
distinguishing between bad and good arguments, this is a logical job of importance.

The presumption about S1 may, but need not, be correct. The (sub)culture to
which S1 belongs may have hit upon another way, perhaps hopelessly clumsy,
perhaps very smart, for taking care of f. It may possess some principle or category,

36This use of “logics” in the plural has not been common. It was assumed by the present author in
[1972; 1975], by Haack in [1974], but was probably occasionally also used earlier.
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say (�, that in intention — from the point of view of at least some minds in that
(sub)culture — does the job for them, and so far does it to their content. Briefly:

In such cases adherents to S2 ought to realize that R� offers adher-
ents to S1 some amount of imaginal functional compensation for the
absence of the category or principle R as employed in S2.

This principle may be discerned in the writings of the sociologist Durkheim. We
might call this the Durkheim–Beth principle.

S1-people may well regard R, when they hear about it, as superfluous. They
may also find S2 sadly inadequate in as much as R� or parts of it that are also
used for other purposes, are entirely missing. One example: pre-Fregean and
pre-Russellian logic (S1) operates with a monadic syntax and represents non-
symmetrical relations hierarchically (R). Later logic (S2) represents symmetrical
as well as non-symmetrical relations through polyadic predication (R�), and has
no need to invoke hierarchical order for that purpose.

12.4 Logemes

The totality of concepts and conceptions that carries a logic in practice may be
called a logeme.37 Without first-rate knowledge of the logemes involved, the en-
deavours of dialogue logicians working towards an intercultural or inter-subcultural
dialogical logic are doomed to be abortive.

13 DIALOGUE LOGIC IN PRACTICAL ETHICS

Criticism and Holistic You-ness — Accountability (4) — “Let us transcend our
subjectivity!” — Understanding the urgency of logeme shifts, a dialogical require-
ment — Rules-of-the-thumb for forging a logeme shift in the Western hemisphere

13.1 Criticism and Holistic You-ness

Not all talk of “You and I” is meant to open the doors for dialogue and due process.
Both theoretical and practical ethics has suffered from a holistic concept “You” that
goes contrary to dialogue-logical categories (you-as-a-critic). In that ethics, “the
living You of each fellow countryman floats into my own soul and grows there to
a larger, holy You that shines above all of us in unison,” a Nazi philosopher wrote
in 1936; to confront this ‘holy You-ness’ with individualistic ideas of a critical or
rationalistic nature would amount to blasphemy [Kiesewetter, 1996, p. 258].

37Cf. my [1985c; 1993; 1996].
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13.2 Accountability (4) Enclose your opponents in thematic
discussion

In politics and ethics, substitute dialogue logic for the ancient epistemology of
guilt-causes. The dialogical theory is the only theory of logic that incorporates
this norm in its very machinery.

In an anti-dogmatic setting, an emphasis on the true-false distinction goes some
way in the same direction.

Logemes that contain at least two dialectical (dialogical) roles allow for you-
as-my-critic and for the practice of verbal negotiation, where attack and defence
pertain to entities in the verbal space between the speakers, and only to these.
Let us refer to this set of categories as B. Facing new logemes based on these
categories one finds logemes that give pride of place to the much older category
of “guilt-causes” [Benthem van den Bergh, 1980], which we may call �. As a
rule, the latter also assume one final goal, that of “the” happiness or salvation of
a certain holistic entity, and endow this entity with a superindividual ”You-ness”.
Let us compare, one by one, the various features of the struggle that can ensue
between actors who depend on some �-related logeme with those that are open to
actors who are trained and experienced in the use of 	-related logemes:

(1A) “I accuse you (or You) of being morally guilty/I indict you/I dispute your
conditions of existence.” Contrast:

(1B) “I accept you as a discussion partner in a critical discussion according
to rules to be agreed upon in advance, where I shall take on the role of
opponent to your utterance U of your unfortunate opinion (which, having
been uttered, is present outside you, in addition perhaps to being still
inside you). My first critical remark concerning your utterance U is the
following: . . . . . . ”

(2A) “I have brought a guilt charge against you, I have fought/eliminated you/
your conditions of existence.” Contrast:

(2B) “I have successfully countered your defence against my criticism of your
utterance U, formulated in this particular discussion or belonging to your
concessions. In other words, I have won this discussion with you.”

(3A) “I shall defend myself as best I can against the effects and consequences
of this guilt charge, or: against this attack on my person/my conditions of
existence.” Contrast:

(3B) “I accept your challenge, i.e., I accept you as opponent of my utterance
U, hence as reviewer of its tenability against verbal criticism.”

(4A) “I confess guilt.” Contrast:
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(4B) “In the light of the debate we just had I accept your criticism of U” (or
perhaps: “I immediately accept . . . ).”

(5A) “I have lost in the struggle against my person/my conditions of existence.”
(Or: silence; the dead do not speak.) Contrast:

(5B) “Today I have had to give up my defence of my utterance U, that is to say:
I have lost the discussion we had about my opinions (as I expressed them
in U). I admit defeat in this discussion about U with you personally.” 38

13.3 “Let us transcend our subjectivity!”

Some persons react to the notions of verbal “attack” (challenge) and “defence” as
if there were no essential difference between an attack in a critical dialogue and
the use of violence. This attitude towards 	-related frameworks encourages and
facilitates the �-related activities enormously, in practice as well as conceptually.
A notion of “cooperation”, treasured in the Christian churches since St. Augustine,
is sometimes recommended as an alternative to the philosophy of verbal struggle.
Notice that the notion of ”cooperation” was generally employed in extremely mil-
itaristic proto-fascist, fascist and Nazi philosophies, as well as in communist and
other totalitarian regimes, as the positive alternative to debate, which was outlawed
as a sign of illoyalty.

“Let us transcend our subjectivity!” Lorenzen writes in [1969]. What we have
called “externalization of dialectics” consists in the shift from (�) to (	).

13.4 Understanding the urgency of logeme shifts, a dialogical
requirement

For cross-cultural, cross-subcultural utility there is a need for new and clear con-
ventions — global, but acceptable to all parties implied; regulated, but adjustable.

It seems inescapable that, in the interest of the construction of globally effective
dialogue logics, the various parts of the world weigh their own adopted modes of
argumentation against the requirements of effective dialogue with “aliens”.

Not all logemes can and will support a system for critical dialogue. In the
course of the last century Europe, for instance, has been flooded with counter-
dialogical mentalities. Let us therefore sum up some rules of thumb for how
to thoroughly extricate the Western science of logic from Western versions of
Wittgenstein’s fly-bottle: the counter-dialogical logemes in which logic has been
ensnared after the “decay of dialogue” around 1300 [Ong, 1983]. Familiarity with
logeme disparities may open the eyes of logicians for the desirability of logeme
shifts, at home as well as abroad.

38This exposition is inspired by conversations with G. van Benthem van den Bergh; cf. his[Benthem
van den Bergh, 1980].
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13.5 Some rules-of-the-thumb for forging a logeme shift in the
Western hemisphere:

(1) Concerning the traditional Goal, and “privative” categories. In matters
of logic, shake off all remnants of the philosophical fascination with the
terminus ad quem — “the” locus of Rest, abeyance; and focus instead on
the termini a quibus. Give analytical pride of place to categories that have
been treated as “privative”, in this case: Movement, redefining Rest as an
absence (non-Movement).

(2) Concerning “Being” and the linguistic turn. Exchange the project of a logic
of Being for that of a logic of Statements. As basic (initial) concepts, ex-
change the notions of Harmony and Logical stability for the notions of Con-
troversy and Flux of opinion.

(3) Concerning interiorism and parliamentary activity. On the backdrop of the
“logic of Being” monologue and interiorism got a chance, and took it. So re-
member to eliminate logical remnants, possibly subconscious, of fundamen-
tal interiorism (St. Augustine; Luther), of ideologies of “the I”, of “bearers
of Logos” and “Silence” and “Creative Knowledge” (Fichte, later German
idealism including our century). — Also eliminate remnants of the gnostic-
Neoplatonic category Opposition/Battle in Being, or in the Course of the
World, as in Manichaeism, gnosticism, and Taoism. This is the category
”Contradiction” (German: “Gegensatz”) in “Being”, exemplified by Hegel,
Lenin, Quisling and Mao. Replace with the notion of Opposition of roles in
verbal intercourse.

(4) Concerning pragmatization. Here are, in alphabetical order, some produc-
tive categories central to the general undertaking of pragmatizing extant sci-
entific theories, though alien to pre-dialogical logic: Conventions (transac-
tions); Coordinate systems; Functions (for early emphases on the impor-
tance of this category (cf. [Cassirer, 1910]; Problems (emphasized in [Barth
and Wiche, 1986]; Relations (not only binary, and not only hierarchical);
Roles, as in semantic roles (speaker, listener) and parliamentary roles (Pro-
ponent, Opponent).

(5) Concerning non-symmetrical categories. As for binary categories, exchange
the emphasis on symmetrical categories like Similarity, Difference, and Ex-
clusive disjunction, for attention to non-symmetrical and asymmetrical cat-
egories, e.g. Comparative relation, Ordered pair, Not both, At least one (or
At most one, in combination with unary Not). Replace an epistemology of
individual beings as symbolizing “the Universal” or “the Typical” by virtue
of their “similarity” to the latter, by a language and a logic with separate
symbols for Individuals and rules that employ such symbols.
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(6) Concerning fundamentals. Abandon the dogma that harmony, precision,
relevance and God-given validity are our natural logical fundamentals. The-
oretical pride of place should be given to certain categories that traditionally
have been belittled as privative: Controversy, Falsity, Risky reasoning and at-
tempts at Falsification, with Counter-example, Counter-argument, Counter-
model, Dis-Proof, Poly-interpretability and Ambiguity (Naess); Dialogical
perturbance, Agreed-by-all Annoyance, or im-pertinence, etc. 39

14 CRITICISMS OF DIALOGICAL PRAGMATIZATIONS

Overt derision — Model-theoretical Limbo — Dialogical indifference

14.1 Overt derision of dialogical endeavours

By demonstrating their eliminability we have shown the State-� relatedness of cer-
tain concepts or categories: arbitrary individual, infinitesimal (magnitudes, later:
numbers).

Twentieth-century examples of derision of discussion abound. We have men-
tioned the overtly anti-dialogical ambition in Brouwer’s creationist intuitionistic
philosophy of mathematics [Stigt, 1990]. A political example from the same pe-
riod is Count Hermann Keyserling’s well-known School of Wisdom in Darmstadt,
Germany, where, for the sake of Wisdom, discussion was entirely prohibited.

15 MODEL-THEORETICAL LIMBO

Two writers on mathematics strongly prefer Robinson’s model-theoretic defini-
tion of neo-infinitesimals to Weierstrass’ dialogue-prone renewal of the Calculus
as little more than an irritant, calling it a “tongue-twister” which is accepted only
“for the sake of consistency” [Davis and Hersh, 1972, 245f]. Robinson’s demon-
stration of the possibility of defining “infinitesimal” in such a way that their use
does not entail inconsistencies is elegant; however his neo-infinitesimals are also
acknowledged to be superfluous, i.e., neo-chimeras.

Some years ago a philosopher propagated a return to “arbitrary individuals”
in logical semantics [Fine, 1985]. As in the former case, a “semantical model”
for (human) logic is introduced from nowhere, featuring neo-arbitrary individu-
als as the referents of instantiated variables. No doubt it is technically possible
to represent modern logic in an ontologistic manner on a two-dimensional “men-
tal screen”. It is fully possible to teach logical instantiation in terms of artefacts
called “universals” or “arbitrary individuals”; however, this seems to require that
the learner is, for the time being, uninterested in logic for dialogical use.

39Naess: usaklighet, German: Unsachlichkeit.
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Here is an analogy. Suppose no physicist had been interested in ether winds. It
would then in all likelihood be feasible to postulate a model for electromagnetic
theory containing an artefact with the name ether, which could be given — by
definition or postulate — some of the properties the old “ether” was supposed to
have. However, the question of whether we really need such a category would still
be a reasonable one: Can physics be done without a neo-ether? Can logic be done
safely and simply without neo-infinitesimals and neo-arbitraries?

15.1 Dialogical indifference

If so, are we then not entitled — thinking of neo-arbitraries — to speak of a certain
philosophical drift, now on the wings of model-theory, towards a neo-ontologistic
(rather than intersubjective) form of representation, and to query into the reasons
for this drive?

Indifference to dialogical possibilities has also made possible a recent plea for a
return to generic terminology, now to be based on the powers of a modern branch
of mathematics called category theory [Ellerman, 1988]. The attempt was later
shown to be backed by a mathematical mistake [Paalman de Miranda, 1990]. We
see, then, that — on no empirical basis whatever, with nothing but disdain for
human practice — sheer mathematics has on occasion been used as de-precization
of the actual problem in question.

A counterattack is needed. As a point of departure, take the criticism of Au-
gustinian fundamentalism given by existentialist philosopher Karl Jaspers. In Au-
gustine’s philosophy verbal intercourse is subjected to the conditions of authority,
always able to break off communication in favour of violence [Jaspers, 1967, pp.
164, 171].

The critics of dialogue-prone endeavour must be inspired by other ideals and
norms. One such norm that may be involved here is an esthetical one: find the
shortest representational form for the mathematical theory of “proof”. The dialog-
ical representational form may not be the shortest — but what is a proof? “A proof
only becomes a proof after the social act of ‘accepting it as a proof’”, Manin wrote
in [1977].

16 NORMS AND THEIR STANDARDIZATION

A normative reconstruction of a possible set of rules for DL — Principles of “Effec-
tive dialectics” — Expediting the enterprise — Cooperation — Real conventions,
or the enhancement of logical understanding through international standardiza-
tion
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16.1 A normative reconstruction of a possible set of rules for DL

The rules of DL as well as the formal� rules of DL* will probably be more easily
accepted if they can be seen as a solution of the problem of implementing norms
that people are likely to endorse.

When norms are made explicit it should become easier to achieve agreement
about rules that implement them, at least in the long run. If not, familiarity with
the method of relating rules to norms will at least illuminate the situation. This
may encourage the societies involved to collectively undertake a revision of norms
for inter(sub)cultural logic, rather than rely on principles of religious or political
authority, intuition, or self-evidence.

Some of the rules have been discussed above. They are seen to satisfy a set of
norms that comprises the following (we do not here mention all):

� The dialectics should be a dynamic feature of culture. The system of ba-
sic rules as a whole shall be designed so as to allow and perhaps promote
revision and flux of opinions.

� The dialectics should be systematical. (a) The Proponent of a challenged
initial or intermediary thesis shall be given the opportunity to defend/justify
it by making yet another statement, provided the Proponent will assume
the same responsibilities (“pro-position”) vis-à-vis the new statement as to-
wards the previous one. (b) This opportunity shall be realistic: in some
cases it must be possible for an attacked statement to be defended/justified
unconditionally;

� A system of dialectics should be thoroughgoing. At every point in the dis-
cussion the Opponent (of the initial thesis) shall have the opportunity to test
the tenability-against-criticism of the Proponent’s last statement so far; and
the Proponent shall have the opportunity to attempt a defence/justification
of that statement in all possible manners;

� A system of dialectics should be orderly. At the completion of any stage in
any chain of arguments, the positions and obligations (and thus the rights)
of each party should be determinable from the discussion so far (including
this stage); and this should also hold for the relative urgencies of the parties’
various obligations, if there be more than one;

� Accountability of the loser: If, in a certain chain of arguments, one party
has lost or exhausted its rights within in that chain, then this party shall —
publicly, if the other party so wishes — express that the other party has won
this part (this chain of arguments) of the debate; (etc.).

For example: given the norm that our dialectics should allow for a flux of opin-
ions, we shall want to reduce repetitiousness to a minimum, so we need rules that
rule out unnecessary verbal repetitions. On the other hand: our norm of thorough-
ness is well served if we let discussions split up into chains of arguments. These
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may be initiated by the plurality of critical moves that are possible with respect to
the other party’s uses of all or of and, or by the plurality of moves in defence of
one’s own uses of some or of (veljunctive) or. This means that in a given situ-
ation the rules should permit each player to try out every possible criticism once
(opinions are divided as to whether and when we ought to add: “but only once”).

16.2 Interpretational (“conversational”) principles of an effective
dialectics

In our rules-of-the thumb above the notions precision, relevance and validity are
not discarded; they are reborn as mere absences (neo-privatives).

On “effective discussion” a number of principles have been formulated [Naess,
1981; Gullvåg and Naess, 1996]. It is a disgrace that no detailed comparison has
been undertaken between Naess’ early ideas on logic and dialogue (in English
1966, 1992) and for instance Grice’s. This fact, if anything, testifies to the need
for more depth and new academic norms in practical logic.

As synonyms for “effective” Naess uses “serious”, “non-tendentious”, as well
as “relevant”, but writes:

“We shall consider irrelevance under six main headings”.
In short, it is irrelevance that has pride of place. The definition he adopts for

“relevance” is that “a matter � is relevant” in a given discussion turns out to mean
the same as “� infringes none of the following principles for irrelevant discus-
sion”. Relevance is a privative term.

Naess’ principles for relevant discussion turn out to concern irrelevant verbal
behaviour. He lists the following rules of avoidance of such behaviour:

(1) Avoid tendentious use of contexts,

(2) avoid tendentious renderings of other people’s views,

(3) avoid tendentious ambiguity,

(4) avoid tendentious first-hand reports;

(5) avoid tendentious argument from alleged implication.

Instead of “relevant” we find “tendentious” as the basic term. The drift is clear:
the participants’ use of contexts, their renderings of each others’ and other peo-
ple’s views, their own first-hand reports of events, and their reference to impli-
cations from known material should not be such that someone might call them
tendentious. “Tendentious” and “irrelevant” are not synonymous. “Relevant” is
often taken to refer to semantical proximity, leading to never-ending impractical
linguistic speculations, whereas “tendentious” is closer to “irritating” and “rude”.
Now what is to count as irritating or rude is something that may, to a large extent,
be decided upon in advance. The decision will not be one for all times — not a
matter of objective Language, but rather a matter of bad behaviour in dialogue,
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including critical debate, as understood by the participants in question, all things
considered.

Advises and rules of this type are left out of dialogical logic at our peril. Say
good-bye to every non-pragmatic Semantics-of-Language basis for relevance the-
ory, and shift your attention to effective discussion!

An advice of the form “Say only what is relevant” is obviously less useful for
our purposes. A maxim “Say nothing which you believe to be untrue”, if incorpo-
rated among our basic norms for DL, may discourage uses of moves corresponding
to the argument form reductio ad absurdum (see above).

16.3 Expediting the enterprise

Much of what we have discussed above can be summed up in a few lines about how
to facilitate the construction and use of logic in dialogical practice. This comprises
the tasks of

� facilitating the study of counter-dialogical mentalities by establishing this as
an important discipline within the science of logic;

� facilitating access to thematic discussion by the same means;

� facilitating discussion as thematic dialogue by formulating the theme as ini-
tial thesis in advance;

� facilitating acceptability of rules by normative reconstruction of suggested
sets of rules. Above we mentioned a number (not all) of “natural norms”
which can be shown to be served by the rules of dialogue logic (this has not
been shown here). These norms are natural in the sense that they may be
expected to — after some deliberation has taken place — evoke significant
global consent.

� last, but not least: facilitating the debatability of utterances by studying
the influence on critical expediency of the choice of general non-referring
particles (and perhaps introducing formal� rules for their uses).

16.4 Cooperation

To say, as some do, that to introduce logic into human dialogue means to construct
“weapons” in which, tragically, other people become losers is, as we have tried to
show, a dangerous attitude. Similarly the notion of a discussion with exactly two
parties makes some people hesitant. They do not seem to appreciate the fact that
proponent and opponent together probe into a statement’s tenability under critical
exploration — whether the statement has been uttered tentatively or dogmatically.

Cooperation takes many forms, each form more or less well adapted to one of
the many ends for which humans may be prepared to cooperate. To identify a
conflict of opinions and subsequently arranging a discussion according to agreed
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rules constitutes a mature form of democratic cooperation. This is not to say that
conflicts of opinion and dialogical logic could not be developed as discussions
among more than two parties.40 However, definitions and rules would have to be
carefully worked out — a task for the future.

16.5 Real conventions, or the enhancement of logical understand-
ing through international standardization procedures

Finally, one ought to strive toward a small number of globally accepted packages
of well-defined fundamental categories — the logical dimensions of verbal inter-
course — as well as for suitable terms to express them by. Only then can one hope
to end up with an effective dialogical logic with a wide range and firm backing.

The procedures chosen should be such that they issue in social contracts, i.e., in
real conventions on logical fundamentals. The problem may be approached in the
same way as the no less formidable problem in the physical and technical sciences,
whose scientists have for years cooperated in selecting and defining fundamental
dimensions and recommending their use in practice. They have done this, for
all branches of these sciences, by means of national and thereafter international
standardization committees.

“Real logical conventions” alludes to this procedure, which practice-minded lo-
gicians ought to scrutinize. Committee members should be highly qualified schol-
ars and specialists from all possible branches of logic. Agreement can be reached
through exposition, first, of the problems which a sought for category is intended to
solve — e.g., how to describe and argue about change; second, by an exposition of
the historical suggestions in this respect, their relative strengths and weaknesses.
In other words, of the problem-solving value of the categories recommended as
basic. This problem-solving value has objective features; in all other respects on-
tology is left behind.

Once the choice of fundamental and well-defined categories for logical verbal
intercourse is made, the committee may go on to other problematic aspects of a
dialogically serviceable logic. Now also basic formal� rules defining the use of
these categories in two-role uses of language can be formulated.

The categorial standardizations are now — temporarily, at least — fundamen-
tal and the rules conventionally valid in and for the broad company (Crawshay-
Williams) of language users which the members of the committee can be said to
represent. The standards are allowed this logical status as a consequence of the
competence of the international committee members, which is controllable, com-
bined with the knowledge that these persons have seriously debated the question
between them, paying attention to external comments in the media.

Such standardizations are revocably fundamental, and revocably valid. At a
later time they may be reconsidered and replaced through new recommendations

40Nor does it mean that the field could not somehow be enriched with additional rules for enhancing
the growth of “coalescence” [Gilbert, 1994], but the need for them do not seem nearly as pressing as
Gilbert seems to think.
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resulting from the same procedures. This has for a long time been the situation in
physics, where an “anti-autocratic decisionism”, as we might call it, has worked
very well. (The term is coined and introduced here in contrast to the autocratic
“decisionism” of Carl Schmitt, the Nazi philosopher of law in Hitler’s service.)

The conventions that logicians and other philosophers have referred to so far are
semi-conventions — non-explicit conventions hidden in some Western language or
uses of language. They are only of semi-conventional validity.

Notice that one can very well have several systems of fundamental logical di-
mensions and terms next to one another, each one rooted in a different philosophy
on what should be basic in logic, and why. When this becomes the situation in
logic, this means that texts based on one system of logical dimensions will be suf-
ficiently understandable to supporters of another system to enable them to discuss
arguments based on the first system with supporters of that system, and vice-versa.
This implies that supporters of different systems can also discuss amendments with
one another. Little by little the need for communicative and discussion-supporting
logics will be recognized in wider circles, and the differences between logics in
actual practice will flatten out.
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[Maritain, 1933] J. Maritain. Éléments de philosophie II : L’ordre des concepts. 1: Petite logique

(logique formelle). Paris: Tegui, 1923. (11th impr.) 1933.
[Mittelstaedt, 1978] P. Mittelstaedt. Quantum Logic. Dordrecht: D. Reidel, 1978.
[Mittelstaedt, 1997] P. Mittelstaedt. Am Anfang war eben nicht der Garten, in Ethik und Sozialwis-

senschaften – Streitforum für Erwägungskultur [EuS] 8, 1997.
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LUÍS MONIZ PEREIRA

PHILOSOPHICAL INCIDENCE OF LOGIC
PROGRAMMING

1 INTRODUCTION

We begin by considering the general way in which artificial intelligence (AI) im-
pinges on philosophical logic, by examining the requirements posed on logic by
knowledge representation and reasoning issues which AI has addressed. We then
outline some of AI’s contributions, most especially via the field of logic program-
ming (LP), to more dynamic forms of logic, in order to deal with knowledge
in flux, namely: incomplete and contradictory information; hypothesis making
through abduction; argumentation; diagnosis and debugging; updating; and learn-
ing. Along the way we delve into implications for the philosophy of knowledge.

Our motivation is to entice the philosophically inclined reader, as well as the
LP veteran, to the new territories recently mapped out in the logical continent by
ongoing research in AI through LP, by providing a personal bird’s eye view of
the region. The technical parts of the exposition aim at an intuitive capturing of
the general issues by rather simple examples, and of how they are tackled and
overcome. Detailed formal treatment is deferred to the abundant references.

The structure of the chapter is as follows: The next section recapitulates and
emphasizes the unique rôle of logic as a human knowledge representation and rea-
soning tool. The section that follows prolongs the one before to stress the benefit
of mechanizing logic on the computer. Subsequently, the different encroachments
of AI on logic are listed, and the last one, a framework whose fresh import for
indexphilosophy philosophy is underscored, is selected for further analysis. In
the sequel, some of the LP tools bearing on the proposed framework are brought
out. Afterwards, the use of such tools for diagnosing a logical theory is outlined.
In the section following that a dynamical logic framework is sketched, and then
elaborated upon by summarily describing the MENTAL project. Finally, there are
Concluding Remarks and, at the end, a challenge for philosophers.

2 EVOLUTION AND REASONING

Evolution has provided humans with symbolic thought, and symbolic language
communication abilities.

Objective common knowledge requires thought to follow abstract, content inde-
pendent rules of reasoning and argumentation, which must not be entirely subjec-
tive, on pain of making precise communication and collective rational endeavour
impossible. Such rules have become ingrained in human thought, and hold an
enormous joint survival value [Deacon, 1997; Donald, 1991; Pinker, 1997 ].
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In human cognitive evolution, both mimetic knowledge (such as that inherent
in reality-simulating maps and models), and imitation knowledge (such as that
present in ritual observation, or in artifact reproduction), were essential first steps
towards socially situated, joint rule following behaviour, required by, say, hunting
plans. Subsequently, throughout human cultures, abstract rule following social
games emerged.

Game rules encapsulate concrete situation defining patterns, and concrete
situation-action-situation causal sequencing, which mirrors causality-obeying phys-
ical reality. From games, further abstraction ensued, and there finally emerged
the notions of situation-defining concepts, of general rules of thought and their
chaining, and of legitimate argument and counter-argument moves. Together they
compose a cognitive meta-game[Holland, 1998].

The pervasiveness of informal logic for capturing knowledge and for reasoning,
a veritable lingua franca across human languages and cultures, rests on its abil-
ity to actually foster rational understanding and common objectivity. Crucially,
objective knowledge evolution dynamics, whether individual or plural, follows ra-
tiocination patterns and laws.

Moreover, and more recently, the very same rules of reasoning can and are
employed to reason about reasoning. Though some reasoning methods are well
known, some are still unconscious but, like the rules of grammar, can be discov-
ered through research. What is more, new reasoning methods can and have been
invented and perfected throughout human history. Examples of these are transfinite
induction, reductio ad absurdum (proof by contradiction), recursion, abduction,
and contradiction removal, to name but a few.

New purported reasoning methods may be disputed, just like any specific train
of reasoning can. But reasoning can only be disputed by further reasoning, if any
consensus is to be found! (cf. [Nagel, 1997]). Some argue that scientific and
philosophical discussion is necessarily tantamount to a culture sensitive, and cul-
turally relative, persuasive informal ad hoc argumentation, allied to anything goes
rhetoric [Gross and Levitt, 1994]. They ignore that argumentation is just another
form of reasoning which has itself been made the subject of logical formalization,
and are oblivious to the fact that rhetoric may be fine for preachers, but is not con-
ducive to the two-sided communication required to reach common agreement in
the all rigorous scientific praxis that lead to cumulative knowledge.

3 LOGIC AND THE COMPUTER

Logic, we have seen, has arisen as the content independent formulation of the
Laws of Thought. Predicates express whatever conceptual relations we may wish,
about the external and internal worlds. These predicate building blocks can then
be combined into formulas, by means of quantifiers and logical connectives, and
can be manipulated according to inference rules characterizing diverse forms of
reasoning.
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Logic is capable of articulating an extensional behaviouristic view of predicates,
seen as black boxes or input/output relations, simultaneously with an intensional
view of predicates, seen as functionally decomposable into other predicates, like
black boxes wired inside black boxes [Monteiro and Pereira, 1970].

Since the language of logic is symbolic and its rules content-independent, its
workings can be specified by general, abstract, rule following procedures. These,
in turn, can be programmed on the computer. Through their mechanization, logical
theories and reasoning forms attain, for the first time, an in vitro existence, an
ability and availability for repeatable execution, independently of any human mind
hardware support [Pereira, 1988].

The two views above, extensional and intensional, are reconciled in the com-
puter by insisting that the declarative semantics, the “what” is to be computed, be
equivalent to the procedural computational semantics, the “how” it is computed.
This is the cornerstone of the logic programming paradigm, of which more later 1.

4 PHILOSOPHY AND AI

Philosophy has been a cradle for rational thought throughout human intellectual
history. Its study of language fostered the refinement of logic as an abstraction
of natural language and as a tool of linguistic inquiry. The investigations on the
foundations of mathematics assigned to logic a meta-instrumental rôle that would
deploy it as the general purpose symbol manipulating tool par excellence. Com-
puter science as well has adopted logic as its general foundational tool, while AI
has made viable the proposition of turning it into a bona fide computer program-
ming language.

At the same time, AI has developed logic beyond the confines of monotonic
cumulativity, typical of the precise, complete, endurable, condensed, and closed
mathematical domains, in order to open it up to the non-monotonic real world
domain of imprecise, incomplete, contradictory, arguable, revisable, distributed,
and evolving knowledge. In short, AI has added dynamics to erstwhile statics.

In AI, as with any science, common logic has an important rôle in it. Indeed,
any science, implicitly or explicitly, presses logic and reasoning into its service, to
build up arguments, counter-arguments, and to settle disputes. But a greater rôle
can be expected of AI in logic!

� First, AI means to mechanize logic, it being such a core tool for so many
rational activities.

� Second, AI intends to make explicit, and well-defined, the unconscious logic
we use, and put it to objective test by automating it on the computer.

1Henceforth, Science and Technology, with the support of Computer Science and most especially
of AI, will more and more see automated, in symbiosis with Man, their own processes of creation, in
positive retroaction!
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� Third, AI employs logic as a generic language of communication, of knowl-
edge and of procedures, between humans and computers, and among com-
puters themselves.

� Fourth, in AI, even when procedures and devices are not implemented using
logic directly, logic can play the rôle of a precise specification language for
their requirements, and of a formalism with which to study their semantical
properties.

� Fifth, AI has contributed significantly to the phrasing and examination of the
problem of identifying limits to symbolic reasoning embodied in computers,
and whether these limits apply to humans as well.

� Sixth rôle, AI has helped researchers explore new reasoning issues and meth-
ods, and to combine disparate reasoning modalities into a uniform unified
framework, so as to deal with incomplete, imprecise, contradictory, and
changing information.

This last rôle, in contrast with its predecessor, much pampered by philoso-
phers, has hardly caught their attention yet. The latter-day epigenesis of logic
it announces, and its computational scaffolding, point to an innovative rôle for the
logic enterprise. To wit, that of supporting, justifying, and mechanizing the dy-
namics of the abstract epistemic and argumentative processes underlying scientific
endeavour itself. And this, I believe, is good news for philosophers of science.

Consequently, it is to that that we now turn, in the hope that philosophers will
be who shall help it mature into a full-blown computational epistemology.

5 A LOGICAL TOOL OF AI

Classical logic has been developed to study well-defined, consistent, and unchang-
ing mathematical objects. It thereby acquired a static character. AI needs to deal
with knowledge in flux, and less than perfect conditions, by means of more dy-
namic forms of logic. Much of this has been the focus of research in logic pro-
gramming, a field of AI which uses logic directly as a programming language 2, and
provides specific implementation methods and efficient working systems to do so 3.
logic programming is moreover much used as a staple implementation vehicle for
other AI approaches to logic.

What are the issues and requirements of the dynamics of logic which AI, namely
via logic programming, has contributed to solve? 4

2Cf. [Kowalski, 1979] for the foundations and [Alferes and Pereira, 1996] for a recent state-of-the
art.

3For the most advanced, incorporating more recent theoretical developments, see the XSB system
at: //www.cs.sunysb.edu/˜sbprolog/xsb-page.html/.

4For a detailed technical treatment of the ensuing issues cf. our book[Alferes and Pereira, 1996],
and references therein, and the more recent pointers in this text.
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5.1 Logic Programming

There is a close connection between logical implication and physical causality. Af-
ter all, logic permits us to model the goings on in the world. This is even more so
in the case of Logic Programming, where all true conclusions must be supported,
“caused”, by some premises, and where implication is unidirectional, i.e. not con-
trapositive: “causes” do not run backwards. So-called Horn clause notation is used
to express this directionality. This ability for logic programming to model actions
by means of updates is brought out in the section on updating.

To produce a result or conclusion � we need a conjunction of enough posi-
tive conditions � to sustain it, conjoined by ‘�’ to the absence or negation of a
conjunction �8 of all the negative conditions that would prevent it, given � :

�  ���8

If there is more than one way to obtain �, then we have several rules of this
form:

�  ����8�

If our information about each rule, and about the whole set of rules for �, is
complete, then we would have:

� �
�
�

����8�

But what if we don’t? First, we might not have enough information about each
�8�. We might conceivably know about each required � �, without at least one
of which � can never be achieved. But regarding the �8 �, i.e. all the conditions
which, if present, would prevent us from concluding � in the presence of each � �,
that’s more difficult.

5.2 Open worlds

Too many things can go wrong in an open non-mathematical world, some of which
we don’t even suspect. For all we know, some bomb might go off that destroys the
whole physical setup we’re trying to model logically (at a safe distance). Must
we model that too? In the real world, any setting is too complex already for us
to define it exhaustively each time. We have to allow for unforeseen exceptions
to occur, based on new incoming information. Thus, instead of having to make
sure or prove that some condition 8 � is not present, we can assume it is not, on
condition that we are prepared to accept subsequent information to the contrary,
i.e. we may assume a more general rule than warranted, but must henceforth be
prepared to deal with arising exceptions.

Take for example, with the obvious reading, this piece of knowledge, again in
Horn clause form:
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%��
/%>9�*�5� 1��� �*�5���92F��*�;�

We don’t normally have explicit information about who is or is not the lover
of whom, though that kind of information may arrive unexpectedly, especially of
presidents5. Thus, we can code our knowledge on presumption that if someone
* is married to 5, and there is no information or basis to conclude 92F��*�;�,
then * is faithful to 5:

%��
/%>9�*�5� 1��� �*�5�� �2
 92F��*�;�

This is expressible via so-called default default negation �2
 � , which may be
read as “� is not provable”. That is, we no longer require proof that �92F��*�;�
for any ;, given some * , but will assume so unless we can establish 92F��*�;�
for some ; given* . In other words, if I have no evidence to conclude 92F��*�;�
for some ; given * , I can assume it false for all ; given * .

5.3 Defeasible Assumptions

Default negation was introduced by AI researchers via Logic Programming, and
may be read, interchangeably, as “� is not provable”, or “the falsity of � is assum-
able”, or “the falsity of � is abducible”, or “there is no evidence for � ”, or “there
is no argument for � ”. Default negation allows us to deal with lack of information,
a common situation in the real world. It introduces non-monotonicity into knowl-
edge representation. If later we’re informed about a pair of lovers, we must then
go back on our previous conclusion about whatever faithfulness we had presumed.
Indeed, conclusions might not be solid because the rules leading to them may be.
Legal texts, regulations, and courts employ this form of negation abundantly, as
they perforce deal with open worlds, though it had not before been formalized in
logic till AI too discovered its need of it.

5.4 Closed World Assumption

Mark that �2
 should grant positive and negative information equal standing. That
is, we should be able to write:

�%��
/%>9�*�5� 1��� �*�5�� �2
 �92F��*�;�

to model instead a world where people are unfaithful by default or custom, and
where it is required to explicitly prove that someone does not take any lover before
we conclude that person not unfaithful. The issue arises because often, particularly
in data bases and knowledge bases, the (CWA) is enforced. That is, the CWA

5At the time of writing this example I was in the USA, and the American president was being
insistently harassed about a purported love affair.
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obtains when we presume the database or knowledge base to have all the pertinent
positive information, so that only what is explicitly stated, or explicitly derivable
from it, is true; otherwise, it is presumed false. But how could it, in general, have
all the pertinent information in a changing world?

Information is normally expressed positively, by dint of mental and linguis-
tic economics. So, by CWA, the absent, non-explicitly obtainable information
is usually the negation of positive information. Which means, when no infor-
mation is available about lovers, that �92F��*�;� is true by CWA, whereas
92F��*�;� is not. This asymmetry is undesirable, inasmuch as predicate names
are purely conventional and we could, justifiably, have come up with positive pred-
icate �2��92F��*�;� and its negation��2��92F��*�;� to model our knowl-
edge. Though in general P is considered the positive predicate if its extension
greater than its negative counterpart, we might not know beforehand which is the
greater one. A logical language should be indifferent with respect to such knowl-
edge representation accidents.

5.5 Explicit Negation

In addition, when we have no factual or derivable information, either positive or
negative, we’d like to be able to say that both are false epistemically, i.e. from
the “knowledge we possess” point of view. Accordingly, the excluded middle
postulate is unacceptable because some predication or other and its negation may
be false simultaneously.

The CWA and the symmetry and epistemologic requisites, can be reconciled
by reading ‘�’ above not as classical negation, which complies with the excluded
middle postulate stating that any predication is either true or false, but as yet a new
form of negation, dubbed in logic programming ‘’explicit negation” [Alferes et
al., 1998a] (which ignores the excluded middle provision). Now we can state the
CWA for just those predicates � or �= we wish, simply by writing:

��  �2
 � or = �2
 �=

Alternatively, the use of a �2
 � or of a �2
 �= assumption may be made at
just those predicate occurrences requiring them, as we did before.

5.6 Revising Assumptions

Let us next examine the need for revising assumptions and for introducing a third
truth-value, call it “undefined”, into our framework.

When we combine the viewpoints of the two above worlds we become con-
fused:

%��
/%>9�*�5� 1��� �*�5�� �2
 92F��*�;�

�%��
/%>9�*�5� 1��� �*�5�� 92F��*�;�
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Assuming 1��� �*�5� for some * and 5� it now appears that both
%��
/%>9�*�5� and �%��
/%>9�*�5� are contradictorily true. Because we
have no evidence for 92F��*�;� nor �92F��*�;�, there simply is no infor-
mation about them, we make two assumptions about their falsity. But when an
assumption leads to contradicition one should retract it. Yes, it is the venerable
principle of reductio ad absurdum, or “reasoning by contradicition”. In our case,
two assumptions led to the contradicition. Which shall we retract? They are on
equal footing!

5.7 Undefinedness

Given no other eventually preferential information, we retract both because we
cannot justly decide between them. That is, we assume neither 92F��*�;� nor
�92F��*�;� false. Since neither is provably true also, we make each undefined,
i.e. we introduce a third truth-value to better characterize this lack of information
about some lovers’ situation, thereby making %��
/%>9�*�5� and
�%��
/%>9�*�5� undefined too. This imposition of undefinedness can be achieved
simply, by adding to our knowledge:

�92F��*�;� �2
 92F��*�;�

92F��*�;� �2
 �92F��*�;�

Given no other information, we cannot prove either of 92F��*�;� or
�92F��*�;� true, or false. Any attempt to do so runs into a self-referential cir-
cle involving default negation. However, once we do hypothesize the one true the
other perforce becomes false, and vice-versa. These two possible situations are
not thus ruled out. But the safest, skeptical, third option is to take no side in this
marital dispute, and abstain from believing either.

Indeed, the well-founded semantics of logic programs (WFS) assigns to the lit-
erals in the above two clauses the truth value undefined in its knowledge skeptical
well-founded model, and allows also for the other two, non truth-minimal, more
credulous models.

But why can we not simply add:

92F��*�;� 
 �92F��*�;� ?

Because it will not do. We would still not be able to prove either 92F��*�;� or
�92F��*�;� definitely true, and so the contradicition would ensue all the same! 6

When dealing with non-provability one really needs a third truth-value to ex-
press our epistemic inability to come up with information. Even assuming the
world is ontologically 2-valued, our access to information coded about it might be

6For a survey on paraconsistent LP semantics cf. [Damásio and Pereira, 1998].



PHILOSOPHICAL INCIDENCE OF LOGIC PROGRAMMING 433

3-valued in general. Besides, the world may very well not be 2-valued, or, in any
case, not capturable in a 2-valued way. Can we say of some particle/wave that it
is either here or not here? Is it really either here or not here, though we cannot say
it? The inherent dispute apparently cannot be settled experimentally.

In any case we are in need of a third logical value for other reasons. As we build
up our real world imperfect knowledge base, we may very well create, unwittingly
and unawares, circular dependencies as above. For example, the Legislator may
well enact conflicting, circular, laws. Still, we want to be able to carry on reason-
ing, whether or not such circularities legitimally express what they model. And
when they do not, we want to detect and function with them rather than throwing
away the baby with the bath water.

But undefinedness may also be legitimally pressed into service to express com-
mon knowlege, in its variously credulous and skeptical readings. Why, even yes-
terday I read in a book [Barth, 1996] of the old sailor proverb that ‘’He weathers
the storms he cannot avoid, and avoids the storms he cannot weather”, i.e.:

$��
/�  0
21� �2
 �F2� 

�F2�  0
21� �2
 $��
/�

What will happen to an experienced sailor in a storm? Will he weather it or
avoid it? Three outcomes are possible, including being undecided about the out-
come. For us, it means we must weather circular knowledge, not avoid it in the
calm waters of the artificial mathematical paradises...

5.8 Expressiveness

The introduction of this 3-valued semantics into logic programming is an impor-
tant innovation of AI, with a number of consequences. Namely, as we have seen,
it allows us to be skeptical and suppose no more than is warranted.

Another innovation, to recapitulate, is that the negation � used above, called
explicit negation, is 3-valued too, and so differs from classical negation. Explicit
negation, we’ve seen, does not conform to the principle of excluded middle. Pred-
ications and their negations can be both false (“the chair is angry”, “the chair is
not angry”). In a knowledge base, we may definitely not be able to prove either
something or its (explicit) negation, so that both become false by default.

Additionally, the introduction of explicit negation, and in particular its combina-
tion with default negation, provides for more expressive knowledge representation.
Consider for instance the injunction

�<200 
���

versus the alternative injunction

�<200 �2
 �
���
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The latter is clearly a safer option. According to it you must actually prove
that a train is not coming before �<200 becomes false, whereas with the first
option �<200 becomes false solely on the grounds that you fail to prove a train is
coming!

Yet another innovation is that the implicational arrow , when combined with
default or explicit negation, is not material implication. Contrapositives are not
countenanced. Consider:

�  	

��

�	 does not follow, for there is no presumption of the contrapositive �	  ���
Whenever contrapositives are desired they must be explicitly added. Instead, 
should be seen as expressing an inference rule, which can be used procedurally
“bottom-up” to conclude � given 	, or “top-down”, like an invoked procedure, to
try and prove the body 	 in order to prove the head �. Facts are just procedures
with empty body. This inferential reading of clauses as rules turns  into a direc-
tional operator, which makes it rather appropriate to model not only inference but
causality as well.

Indeed, the semantics of logic programs emphasizes exactly this, with their
insistence on admitting only minimal models. Minimal models are those for which
every positive or explicitly negated literal true in the model is supported on some
rule whose head or conclusion is the literal, and whose body or set of premises
is in turn supported. Thus facts, since they have an empy body, are automatically
supported.

Additionally, any positive or any explicitly negated literal is false just in case
all rules for it have a false body. Consequently, if there are no rules whatsoever for
a literal it is automatically false.

All other positive or explicitly negated literals are undefined (this can happen
only if they are involved in unresolved self-referential loops through default nega-
tion). Finally, a default negated literal, �2
 � , is true/ false/ undefined just in case
� is, respectively, false/ true/ undefined.

5.9 Theory Diagnosis

Many examples exist of the use of default negation, explicit negation, contradici-
tion removal, and 3-valuedness, made possible by research in Logic Programming,
namely in the areas of abduction, argumentation, belief revision, knowledge up-
dating, learning, and diagnosis [Alferes and Pereira, 1996; Gartner et al., 2000].
Let us illustrate the latter, i.e. the diagnosis or debugging of a generic knowledge
base. Its connections with the other aforementioned areas allow us to touch on
them too.
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Suppose we have the following rules, expressing a logic program that allows us
to compute predicate � on the basis of predicates � and 8 :

���� � �����8���

� ��� �8���
� �3�
� �<� �8�<�

Let us allow for the chance that the rule for � is conceivably wrong. i.e. that it
may have exceptions, by writing it thus:

���� � �����8���� �2
 ��<��
�2�������

If nothing else is stated about the ��<��
�2� predicate, the conclusions of the
logic program remain unchanged, so the program may contain these rules from the
start, for any predicate we wish.

If we next learn that ���� is false, we can salvage the rule for �, since it is no
longer valid for all � ^ �, simply by adding to our knowledge:

��<��
�2�������

The rule for � will continue to work for the remaining cases, though more
exceptions might subsequently be accumulated.

This method takes care of rules that are unsound, i.e. produce wrong results.
What about the other problematic case, that of incompleteness, i.e. when results

that would be correct are missing? Suppose we learn that ��3� should true, but
that our rules rule do not account for it? Well, it is enough to introduce for every
set of rules for a predicate a catch-all rule. In this case:

����  1�00��&������

� ���  1�00��&�� ����

�8���  1�00��&��8����

If nothing else is stated about the 1�00��& predicate, the conclusions of the logic
program remain unchanged, so the program may contain these rules from the start.
To make ��3� true, it now suffices to abduce, or adopt, one of two hypotheses:
that 1�00��&���3�� or that 1�00��&��8�3�� is true.

This method takes care of rules that are incomplete, i.e. fail to produce results.
We have achieved generality. By making the two predicates, exception� � and

missing� �, abducible ones, we can diagnose and debug a knowledge base ex-
pressed in logic.

Abduction is a well-known reasoning process by which one can adopt hypothe-
ses to the effect that some predicate instances (or their negations) are true in order
to prove some conclusion. It’s reasoning from goals to requirements, and has been
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extensively studied in the logic programming context 7. Of course, the assump-
tions or hypotheses so adopted may later prove erroneous, if and when they lead
to contradicition. We have then to make provision for the application of a con-
tradicition removal process based on revising assumptions, and possibly adopt-
ing some other assumptions instead. This too has been extensively studied in AI
and in the logic programming setting, and as a result automated reasoning sys-
tems have been made available which do that work for us [Alferes et al., 1995;
Damásio et al., 1995] and have been applied to real domains [Froehlich et al.,
1999].

5.10 Updating

Last but not least, work in logic programming has concerned itself with the updat-
ing of a knowledge base by another one. This notion of knowledge updating, as
opposed to that of simple fact updating, opens up another dimension to the dynam-
ics of logic, in contradistinction to the statics of the logic of old. Given an existing
knowledge base, containing facts and rules, and some new knowledge with facts
and rules as well, possibly contradicting the previous knowledge when added to it,
what is the resulting updated knowledge base? Can this process be iterated?

Most of the work conducted so far in the field of logic programming has focused
on representing static knowledge, i.e., knowledge that does not evolve with time.
This is a serious drawback when dealing with dynamic knowledge bases in which
not only the extensional part (the set of facts) changes dynamically but so does the
intensional part (the set of rules). Recent work has shown how this can be achieved
with generality [Alferes et al., 1998; Alferes and Pereira, 2001]. Application areas
in point are when the two knowledge bases consist in pieces of legislation, or
regulations, or safety procedures, or rules of robot conduct.

The introduction of dynamic program updates extends program updates to or-
dered sets of logic programs (or modules). When this order is interpreted as a
time order, dynamic program updates describe the evolution of a logic program
which undergoes a sequence of modifications. This opens up the possibility of
incremental design and evolution of logic programs, leading to the paradigm of
dynamic logic programming (DLP). This new paradigm significantly facilitates
modularization of logic programming, and thus modularization of non-monotonic
reasoning as a whole.

Specifically, suppose that one is given a set of logic program modules, each de-
scribing a different state of our knowledge of the world. Different states may rep-
resent different time points or different sets of priorities or perhaps even different
viewpoints. The rôle of the dynamic program update is to employ the mutual rela-
tionships existing between different modules to precisely determine, at any given
module composition stage, the declarative as well as the procedural semantics of
the combined program resulting from the modules [Alferes et al., 2000]. However,

7For an overview, cf. [Kakas et al., 1993]. For an implementation, cf. [Alferes et al., 1999a].
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ordered sets of program modules need not necessarily be seen as just a temporal
evolution of a logic program. Different modules can also represent different sets
of priorities, or viewpoints of different agents. In the case of priorities, a dynamic
program update specifies the exact meaning of the “union” of the modules, subject
to the given priorities.

In order to represent negative information, generalized logic programs are em-
ployed in updating. These allow default negation not only in rule bodies but also
in their heads. This is needed, in particular, in order to specify that some atoms
should became false, i.e., should be deleted. However, such updates are far more
expressive than a mere insertion and deletion of facts. The updates can be speci-
fied by means of arbitrary program rules, and thus the updates themselves are logic
programs. Consequently, the approach empowers one to update one generalized
logic program� (the initial program) by another generalized logic programC (the
updating program), obtaining as a result a new, updated logic program � %C . As
a consequence, program modules may contain mutually contradictory as well as
overlapping information.

The common intuition behind the update of a model of the world has been
based on what is referred to as the commonsense law of inertia, i.e. things do not
change unless they are expressly made to do so. Suppose, for example, that we
have a model in which “sunshine” is true and “rain” is false; if later we receive the
information that the sun is no longer shining, we conclude that “sunshine” is false,
due to the update, and that “rain” is still false by inertia.

Suppose now that our vision of the world is described instead by a logic pro-
gram and we want to update it. Is updating each of its models enough? Is all the
information borne by a logic program contained within its set of models? The an-
swer to both these questions is negative. A logic program encodes more than the
set of its individual models. It encodes the relationships between the elements of
a model, which are lost if we envisage updates simply on a model by model basis,
as proposed by revision programs. In fact, while the semantics of the resulting
knowledge base after an update indeed represents the intended meaning when just
the extensional part of the original knowledge base (the set of facts) is being up-
dated, it leads to strongly counter-intuitive results when also the intensional part of
the database (the set of rules) undergoes change, as the following example shows.

Consider the logic program � :

09��� �2
 
F 2�


F 2�

$�
</ 
F  
F 2�

Clearly @ ^ �
F 2�� $�
</ 
F� is its only stable model. Suppose now that
the update C states that there is a power failure, and that if there is a power failure
then the TV is no longer on, as represented by the logic program C :

�2
 
F 2� �2$� %��9>�
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�2$� %��9>�

With simple model updating, we would have @" ^ ��2$� %��9>�� $�
</ 
F�
as the only update of @ by C . This is because �2$� %��9>� needs to be added
to the model and its addition forces us to make 
F 2� false. As a result, even
though there is a power failure we are still watching TV.

However, by inspecting the initial program and the updating rules, we are likely
to conclude that since $�
</ 
F was true only because 
F 2� was true, the removal
of 
F 2� should make $�
</ 
F false by default. Moreover, one would expect
09��� to become true as well. Consequently, the intended model of the update of
� by C is the model @" � ^ ��2$� %��9>�� 09����. Suppose now that another
update C� follows, described by the logic program:

�2
 �2$� %��9>�

stating that the power is back up again. We should now expect the TV to be on
again. Since power was restored, i.e. �2$� %��9>� is false, the rule�2
 
F 2�
�2$� %��9>� of C should have no effect, and the truth value of 
F 2� should be
obtained by inertia from the rule 
F 2� of the original program � .

This example illustrates that, when updating knowledge bases, it is not sufficient
to just consider the truth values of literals figuring in the heads of its rules, because
the truth value of their rule bodies may also be affected by the updates of other
literals. In other words, it suggests that the principle of inertia should be applied
not just to the individual literals in an interpretation but rather to the entire rules of
the knowledge base.

Newton’s first law, also known as the law of inertia, states that: “every body
remains at rest or moves with constant velocity in a straight line, unless it is com-
pelled to change that state by an unbalanced force acting upon it” (adapted from
[Newton, 1726]). One often tends to interpret this law in a commonsensical way,
as things keeping as they are unless some kind of force is applied to them. This
is true but it doesn’t exhaust the meaning of the law. It is the result of all applied
forces that governs the outcome. Take a body to which several forces are applied,
and which is in a state of equilibrium due to those forces canceling out. Later, one
of those forces is removed and the body starts to move.

The same kind of behaviour presents itself when updating programs. Before
obtaining the truth value, by inertia, of those elements not directly affected by
the update program, one should verify whether the truth of such elements is not
indirectly affected by the updating of other elements. That is, the body of a rule
may act as a force that is sustaining the truth of its head, but this force may be
withdrawn if and when the body becomes false. Accordingly, the correct way to
view program updating, and in particular the rôle of inertia, is to say that it is the
rules of the initial program that carry over to the updated program, due to inertia
(instead of the truth of literals) just in case they are not overruled by the updating
program. This should be so because rules encode more information than just their
models.
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This approach was first adopted in [Leite and Pereira, 1997], where the authors
presented a program transformation which, given an initial program and an update
program, produces an updated program obeying rule inertia. The stance of the
dynamic logic programming approach is precisely that of ensuring that any added
update rules are indeed in force, and that previous program rules are still in force
(by inertia) only in so far as possible, i.e. they are kept for as long as they do not
conflict with any newly added ones.

To represent negative information in logic programs and their updates DLP al-
lows for the presence of default negation in rule heads. It is worth noting why, in
the update setting, generalizing the language to allow default negation in rule heads
is more adequate than introducing explicit negation in programs (both in heads and
bodies). Suppose we are given a rule stating that � is true whenever some con-
dition �2� is met. This is naturally represented by the rule �  �2� . Now
suppose we want to say, as an update, that � should no longer be the case (i.e.
should be deleted or retracted), if some condition �2� � is met. How to represent
this new knowledge?

By using extended logic programming (with explicit negation) this could be
indicated by ��  �2� �. But this rule says more than we want to. It states
that � is false upon �2� �, and we just want to go as far as to say that the truth
of � is only to be deleted in such a case. All is wont said is that if �2� � is true
then �2
 � should be the case, i.e. �2
 �  �2� �. The difference between
explicit and default negation is fundamental whenever the information about some
atom � cannot be assumed to be complete, as we have seen before. Under these
circumstances, the former means that there is evidence for � being false, while the
latter means that there is no evidence for � being true. In the deletion example,
we desire the latter case.

In other words, a �2
 � head means � is deleted if the body holds. Deleting �
means that � is no longer true, not necessarily that it is false. When the �'� is
adopted as well, then this deletion causes � to be false. In the updates setting, the
�'� must be explicitly encoded from the start, by making all �2
 � literals false
in the initial program being updated. That is, the two concepts, deletion and�'�,
are orthogonal and must be separately incorporated. In the Stable Models and Well-
Founded semantics of single generalized programs, the �'� is adopted ab initio,
and default negation in the heads is conflated with non-provability because there
is no updating, and thus no deletion. Note that in updates the head �2
0 cannot
be moved freely into the body, to obtain simple denials, for two reasons: first,
this manoeuvre, although allowed in a 2-valued semantics does not carry over
to a 3-valued one; second and more importantly, there is inescapable pragmatic
information in specifying exactly which �2
 literal figures in the head, namely the
one being deleted when the body holds true, and thus it is not indifferent that any
other (positive) body literal in the denial could be moved to the head.

In [Alferes et al., 1999], a Language of Updates (LUPS) has been proposed,
expressly designed for specifying sequences of updates to logic programs. Even
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though the main motivation behind the introduction of DLP was to represent the
evolution of knowledge in time, the relationship between the different states can
encode other aspects of a system of knowledge, as pointed out above. In fact,
since their introduction, DLP and LUPS have been employed to represent several
distinct aspects, namely as a way to:

� represent and reason about the evolution of knowledge in time [Alferes et
al., 2000; Alferes et al., 2000b];

� combine rules learned by agents [Lamma et al., 2000a];

� reason about updates of agents’ beliefs [Dell’Acqua and Pereira, 1999];

� model agent interaction [Quaresma and Pereira, 1998; Quaresma and Ro-
drigues, 1999];

� model and reason about actions [Alferes et al., 2000a; Alferes et al., 2000b];

� resolve inconsistencies in metaphorical reasoning [Leite et al., 2000];

� combine updates and preferences [Alferes and Pereira, 2000a].

The common aspect among these applications of DLP is that the states asso-
ciated with the given set of theories only encode one of the several possible rep-
resentational dimensions (e.g. time, hierarchies, domains,...). This is so because
DLP is only defined for linear sequences of states. For example, DLP can be used
to model the relationship of a hierarchically related group of agents, and DLP can
be used to model the evolution of a single agent over time. But DLP, as it stands,
cannot deal with both settings at once, and model the evolution of such a group of
agents over time.

An instance of such a multi-dimensional scenario can be found in legal reason-
ing, where the legislative agency is divided conforming to a hierarchy of power,
governed by the principle Lex Superior (Lex Superior Derogat Legi Inferiori) ac-
cording to which the rule issued by a higher hierarchical authority overrides the
one issued by a lower one, and the evolution of law in time is governed by the
principle Lex Posterior (Lex Posterior Derogat Legi Priori) according to which the
rule enacted at a later point in time overrides the earlier one.

In effect, knowledge updating is not to be simply construed as taking place in
the time dimension alone. Several updating dimensions may combine simultane-
ously, with or without the temporal one, such as specificity (as in taxonomies),
strength of the updating instance (as in the legislative domain), hierarchical po-
sition of knowledge source (as in organizations), credibility of the source (as in
uncertain, mined, or learnt knowledge), or opinion precedence (as in a society of
agents). For this to be possible, DLP has been extended to allow a more general
structure of states.

Multi-dimensional Dynamic logic programming (MDLP) [Leite et al., 2001a]
generalizes DLP to allow for collections of states represented by arbitrary acyclic
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digraphs, not just sequences of states. MDLP assigns semantics to sets and sub-
sets of logic programs, depending on how they stand in relation to one another, as
defined by the acyclic digraph (DAG) that represents the states and their configu-
ration. By dint of such natural generalization, MDLP affords extra expressiveness,
thereby enlarging the latitude of logic programming applications unifiable under
a single framework. The generality and flexibility provided by a DAG ensures a
wide scope and variety of new possibilities. By virtue of the newly added charac-
teristics of multiplicity and composition, MDLP provides a “societal” viewpoint in
logic programming, important in these web and agent days, for combining knowl-
edge in general.

Updating inevitably raises issues about revising and preferring, and some work
is emerging on the articulation of these distinct but highly complementary aspects.
And learning is usefully seen as successive approximate change, as opposed to
exact change, and combining the results of learning by multiple agents, multiple
strategies, or multiple data sets, inevitably poses problems within the province
of updating. Finally, goal directed belief revision can be fruitfully construed as
abductive updating.

Thus, not only do the aforementioned topics combine naturally together — and
so require precise, formal, means and tools to do so — but their combination re-
sults in turn in a nascent complex architectural basis and component for logic pro-
gramming rational agents, which can update one another and common, structured,
updatable blackboard agents. It can be surmised, consequently, that the foster-
ing of this meshing of topics within the Logic Programming community is all of
opportune, seeding, and fruitful. Indeed, application areas such as software devel-
opment, multi-strategy learning, abductive belief revision, model-based diagnosis,
agent architecture, and others, are being successfully pursued while employing
precisely this outlook.

6 A DYNAMICAL LOGIC FRAMEWORK

It is not too difficult to imagine how a combined process of rule generation, of
systematic diagnosis, and of rule revision by updating, can be used to achieve
automated theory learning, in an integrated way, within the uniform setting of
logic programming.

To initiate the learning, one starts with some fixed, already acquired, back-
ground knowledge in rule form, i.e. a theory, and with a rule generator to add to
it new purported knowledge, in order to explain abductively known observations,
whether positive or negative, in the form of facts and explicitly negated facts.

The goal is to generate rules that define a positive concept as well as its negated
concept, so that they cover all known observation instances. This automatic gener-
ation of new rules is subjected to a pre-defined bias, i.e. only some rule forms, and
predicates comprising them, are allowed in the generation process. Newly gener-
ated rules may contradict one another, on some of the observation instances, and
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so they must be subjected to a diagnosis, to identify alternative possible minimal
revisions.

To decide which revision to adopt next, desirable new possible observations
are conceived of, with respect to the ongoing available theory, and whose results,
if known, would allow us to decide among the competing revisions. The results
of these so-called crucial observations are then obtained, either by the program
soliciting them, or by a belief revision process subsequently executed to carry out
the actions leading to the observation results

Once the desired revisions are selected on the basis of the results, and of also
programmed preference criteria, the revisions are enacted by an update procedure.
Note that revised rules can themselves be subjected to later revisions if needed.

Indeed, the whole process will be iterated on the basis of new incoming knowl-
edge, or by knowledge confrontation of among differently evolved automated theo-
ries, with distinct backgrounds, biases, rule generators, diagnosers, revisors, pref-
erences, planners, observations, and updating procedures, comprising a rational
agent.

Agent epistemic confrontation relies on argumentation and mutual debugging.
Besides the legislative and legal domain, the province of scientific discussion, too,
relies on such procedures, and can benefit from their automation.

Tackling argumentation involves a set of tools similar to those of diagnosis and
debugging. Arguments can attack another argument’s assumptions either directly,
by proving the negation of an assumption, or indirectly, by contradicting a con-
clusion of other argument which rests on its assumptions. However, such attacks
by an argument upon another can, in turn, be counter-attacked in the same way,
and may in response counter-counter-attack, etc. Logic programming has shown
how this process can be studied and conclusions drawn about competing mutually
contradictory arguments, and how they each can be revised to reach agreement.

The above sketch of a dynamical logical framework is being made concrete
within the context of our MENTAL agents project8, at the Centro de Inteligência
Artificial, Universidade Nova de Lisboa.

In both academia and industry it is increasingly felt that intelligent agents will
be a key technology as computing systems become ever more distributed, inter-
connected, and open. In such environments, the ability of agents to autonomously
plan and pursue their actions and goals, to cooperate, coordinate, and negotiate
with others, and to respond flexibly and intelligently to dynamic and unpredictable
situations will lead to significant improvements in the quality and sophistication of
the software systems that can be conceived and implemented, and the application
areas and problems which can then be addressed.

The aim of the MENTAL project is that of establishing, on a sound theoreti-
cal basis, the design of an overall architecture for mental agents (i.e. comprising

8Portuguese research funding programme PRAXIS XXI, project MENTAL (2/2.1/TIT/1593/95),
http://centria.di.fct.unl.pt/˜ica/mental/.
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knowledge, beliefs, and intentions) based on, and building on the strengths of logic
programming.

The agents share a common changeable environment, itself modeled in logic
programming. The whole framework is being conceptualized in logic program-
ming, and experimented with by means of distributed logic programming [Leite et
al., 2001]. The use of agents allows for information to be distributed, and shared,
only as the need arises. Thus knowledge manipulation complexity can be reduced.
Efficiency can be gained too by executing agents concurrently.

An agent must be able to manage its knowledge, T beliefs, intentions (goals),
and plans, as it receives new information and instructions, and to react to chang-
ing conditions in the environment. It must also be capable of interacting with
other agents, by exchanging knowledge and beliefs, as well as of reacting to other
agents’ requests. Any two such agents will be able to cooperate either by diagnos-
ing errors or missing information in each others’ information base, or to cooperate
in the use of common resources, in avoiding undesired mutual interference in their
plans, and in joint belief revision to achieve a common goal.

Every agent is composed of specialized, possibly concurrent, function related
subagents, that execute the various goals and instructions assigned to it by the
agent. Examples of such subagents are those implementing the reactive, reason-
ing, belief revision, argumentation, explanation, learning, dialogue management,
information gathering, preference evaluation, strategy, and diagnosis functional-
ities. The subagents are coordinated by a meta-level layer that ensures internal
task distribution and belief revision, subagent communication, final decisions, and
all interaction with the outside, i.e., with both the environment and other agents,
including communication, interrupt handling, requests, and observations.

Although each agent has a meta-level coordination, a collection of interacting
agents has no such abode, and their collective behaviour will manifest (emergent)
properties that are difficult to foresee.

Because knowledge and belief are in general incomplete, contradictory, and
error prone — and all the more so in the multi-agent setting — we make use
of semantics, procedures, and implementations, for dealing with contradictory,
incomplete, erroneous, imperfect, vague and default information, abduction, belief
revision, debugging, and argumentation.

We attain reinforcement learning by using belief revision techniques for achiev-
ing an effect similar to back propagation. Such learning allows the evolving of the
strength of evidence attached to an agent’s knowledge and beliefs, as a result of
their contribution to correct or incorrect conclusions. Furthermore, agents may
compare and combine their degrees of evidence, either to argue, to partake of
information, or to reach consensus. The use of genetic algorithms for evolving be-
lief “genes” (or “memes”) is also a technique we have explored for learning, and
it opens up a new emergent field: that of linking the genetic algorithm approach to
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logic based knowledge evolution in an agent. Moreover, the exchange of genetic
material enables agents to cross-fertilize experiences.9

The use of logic programming for the overall endeavour is justified on the basis
of it providing a rigorous single encompassing theoretical basis for the aforesaid
topics, as well as an implementation vehicle for parallel and distributed process-
ing. Additionally, logic programming provides a formal high level flexible in-
strument for the rigorous specification and experimentation with computational
designs, making it extremely useful for prototyping, even when other, possibly
lower level, target implementation languages are envisaged.

7 CONCLUDING REMARKS

How can the general reasoning issues explored here be approached, within a uni-
form framework, except in the context of logic? I submit indeed that logic is the
only conceivable venue for the core of such an enterprise. And must we not do
it? Must we not mechanize reasoning procedures so that robots and computers
can perform, for us or with us, the sometimes tedious, sometimes overly complex
work involved in them? Surely, only so persisting will permit the grappling of the
evermore demanding reasoning problems that face us.

I hope to have convinced you that AI, most especially through logic program-
ming, will continue to accomplish a good deal in identifying, formalizing, and
implementing the Laws of Thought. Most notably, AI has taken on the challenge
of opening up logic to the dynamics of knowledge in flux. And in so doing, it
has been progressively meeting our expections and requirements. Continuing this
work is essential if we are to cope, albeit with the aid of computers, with the chal-
lenges of evermore accumulated and distributed knowledge, in a changing world.

A wealth of investment in logic programming research has accumulated in the
form of published results and built systems, over the more than 25 years since its
inception. Some of these could not be brought to full fruition at the time because of
technological costs and funding limitations, or more simply because of the lack of
cheap and efficient requisite equipment, nowadays having become affordable and
with better performance. So, though the theory and implementational know-how
were there at the time, their full fruition was then not viable.

However, to-day, younger researchers are not well aware of such past results and
of their potential, some from the early eighties, even when the implementational
technology may have evolved to allow them to be put to use 10. And all the more
so because the complexity of present systems makes such immediately available
“theory technologies” all the more desirable. On the other hand, the cost of mem-
ory and the appearance on the scene of new “implementation technologies”, such

9This new approach is reported in [Lamma et al., 2000; Lamma et al., 2000a].
10Illustrative case examples in point are those of “intelligent backtracking” and of “declarative de-

bugging”.
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as (theory-driven) tabling, make the prior investment in theory not only realizable
now but affordable and profitable as well.

Conversely, we should not stop or refrain from investing now in the future, for
the “theory technologies” of today, in addressing real felt problems, will be the
providers of tomorrow’s implementational and applicational reapers.

For instance, were it not for the impressive development in Logic Programming
semantics in the past 12 years or so, and its extensions to non-monotonic and other
forms of reasoning, we would not have today the impressive, sound, and efficient
system implementations of such semantics (be it the stable or well-founded va-
rieties or their hybrid combination), which have been opening up a whole new
gamut of application areas as well as a spate of sophisticated reasoning abilities
over them. This was made possible only through successive and prolonged efforts
at theoretical generalization and synthesis, and by way of the combined integration
of theory, procedure development, and practical implementation.

The lesson, then, for further investing in this still emerging information tech-
nology, is that it must be continual: both for the fruition of past investment as for
the seeding of timely future delectation.

The logic programming paradigm provides a well-defined, general, integrative,
encompassing, and rigorous framework for systematically studying computation,
be it syntax, semantics, procedures, or attending implementations, environments,
tools, and standards. LP approaches problems, and provides solutions, at a suffi-
cient level of abstraction so that they generalize from problem domain to problem
domain. This is afforded by the nature of its very foundation in logic, both in
substance and method, and constitutes one of its major assets.

Indeed, computational reasoning abilities such as assuming by default, abduc-
ing, revising beliefs, removing contradicitions, updating, belief revision, learning,
constraint handling, etc., by dint of their generality and abstract characterization,
once developed can readily be adopted by, and integrated into, distinct topical ap-
plication areas.

Logic programming is, without a doubt, the privileged melting pot for the ar-
ticulate integration of functionalities and techniques, pertaining to the design and
mechanization of complex systems, addressing ever more demanding and sophisti-
cated computational abilities. For instance, consider again those reasoning abilities
mentioned in previous sections. Forthcoming rational agents, to be realistic, will
require an admixture of any number of them to carry out their tasks. No other
computational paradigm affords us with the wherewithal for their coherent con-
ceptual integration. And, all the while, the very vehicle that enables testing its
specification, when not outright its very implementation. Or is there?

Moreover, the issue is not just that of conceptual integration but that of con-
ceptual cross-fertilization too. How can one employ learning in the service of
belief revision? How does one remove contradictions from updates? How can
learnt preferences be combined with preference updates to guide belief revision in
a rational agent? How may fuzzy preferences be revised in the light of ongoing



446 LUÍS MONIZ PEREIRA

abduced assumptions and constraints? How can probabilistic and multi-valued
logic programs be combined?11

Participation by philosophers in this venture can take the form of partaking in
the development of the conceptual underpinnings of the required computer im-
plemented logic tools, and of employing such tools for the computer functional
rational reconstruction of historical epistemological argument 12, and of scientific
theory evolution duplication, by automated learning. Evolving taxonomic classifi-
cation of natural kinds might be a good starting point.
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