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. OF TRAINS OF ARGUMENTS
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Abstract ' '

¥

The analysis of events and general world knowledge for the
generation of predictions or diagnoses presupposes that there
are (i) rules for evaluating the argumentative importance of
single propositions (ii) regular forms for the combination of
propositions (trains of arguments) and (iii) rules for assessing
the credibility or plausxb111ty of the given trains of
arguments. A possibilistic model is suggested that specifies how
arguments can be related (chains, trees, and nets) and how the
type of the train of arguments determines the 1nterpretat1on of
quantifiers 1n propositions.
xgords' 11nguist1c variables, fuzzy quantifiers, computational

- approach to reasoning, computer-aided decision making

1. THE GENERAL STRUCTURS'OE-ARGUMENTS

In normal discourse énd especially in scientific discourse
the rational combinationaof factual evidence and general  world
knowledge is uhdoubtedly‘of’ utmost importance. However, the
classical appréabhes to this problem fail because in these frame-
works only parts of the avallable arguments can be evaluated.

For 1nstance, syllogistic 1og1c discards any kind of expres-
sion that is not formed by means of the standard blnary relations
and of standard_quantifiers.'Fufthermore, the expressions have to
be true or false and they are to be arrénged in a linear fashiocn
{e.g. major premise, minor premﬁse, conclusion). On the other
hand, Bayesian, belief-function or information-theoretic

approaches for the evaluation of evidence rely on the com-
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pleteness and precisiocn of their .parameters, that wusually

excludes ’qualitative (vague' or fuzzy) judgments 1like, = for:

instance, "normally x is y" (for an exception, see Zimmer 1986a).
In order to arrive at a more  naturalistic apbroach to

rational discourse, it seems fruitful to lock at the structure of

arguments in more detail. According to Toulmin, Rieke & Janik

(1979) an argument consists of «claims, grounds, warrants, a

backing, and finally rebuttals. These constituents of an argument

can be defined in our context as follows:
(1) claims or assertions about actual purported states of the

- world or states which are presupposed: to happén

(i1} grounds or reasons for bhelieving the claims toc be valid

(iii) warrants, that is, st&tements gbout the relations‘between
grounds and claims (e.g.‘éausélity, necessity,»sufficiency,
continéency) » i

(iv) backing, that is commonly shared knowledge (Smith 1982)
which vprovides the rules for a combination of ground; and
warrants in order to justify the claims (e.g.. rules of
syllogistic reasoning, or statisticai.inference)

(v) rebuttals, that is, alternative claims which can also be

2

inferred from the grounds, warrants, and the backing.

Rebuttals can be overcome by eithe; showing that they imply.

a smaller set of consistent propositions than the claim or

by comparing the overall modal qualification of the

rebuttals with the evaluifion of the claims.
This list has to be completed by the introduction'of

{vi) modal gualifications (e.g. "possibly", "usually",

“necessarily") which apply to the propositions and tc the
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inferential prosess (e g. - rules of fuzzy reason*ng) The
modal quantxflcatlon of the ground together with the fuzzy
truth va;ues resultlng from the 1nferent1a1 process
determine'the modal quantifioation of the claim.

In Zimmer (1986b) 1t has been demonstrated how these constltuents

of arguments can be ellclted from experts and how the meaning of

the modal quallf;catlons can be 1nteract1ve1y determined. One
result of thls ‘'study was that arguments in 1solatlon are rare
exceptions, the normal ¢ese being trains ofvarguments, that is,

{i} linear chains (as described in Zimmer 1985), (ii) hierarchi-

cal trees”and lattices (Sandewall 1985), or (iii) evidential nets

(Zimmer & xé:né_ie, 1987). wnile Zimmer (1986b) was mainly con- -

cerned with the techniques to elidit the éontext of expertise in

;order to develop knowledge bases for expert systems, the ' model

descrlbed here concentrates on the structural properties of the

trains of arguments.‘ of special interest in this context are the
following questions:

(i)  What are the rules for the interpretation of qualitative
modifiers in single propositions?

(ii) What kinds of struceural organization can be found in
trains of arguments and to what extent do they influence
the meaning of the const:tuents“

(iii) Andg finally, how can rules devised for the aggregation of

: evidence in t;ains of arguments independently from the forn

of their constituents?

2. THE iNTERPRETATION OF QUANTIFIERS AND UNCERTAINTY EXPRESSIONS

In normal discourse, duantifying modifiers are ubiquitious:
2
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most, many and few (fbr.peopie, animals or objécts), likely;
possible aqd uncertaih (for evénts), little ‘and"much':(for
quantities) etc.. These expreésioné are used in making,ébséluié:'*
judéments with or without the further‘explicatiqn‘gf a point ‘ofv

frame ‘of reference, e.g. "there is little water in the jar" or

"there are many cars in the parking lot" (the pafts_‘of  the
sentences  specifying the reference point or conﬁext éie“
underlined) . Concerning these expressions, we have .the'
paradoxical situation = that on the one hand they ére' vaguelrdr

fuzzy (Zadeh, 1975, on 1inguistic vafiables and Lakoff, 1975, on
hedges and fuzzy concepts) and furthermore éontéxt dependent

(see, for instance, the difference in the meaning of “few" in.

"few cars" and "few small cars® (Hérmann, 1983)). On the éther “

hand, people do not only predominantly use absolute judgmenﬁs»in
normal disbourse (Ulshéfer—-Heinloth 1964) but seem to_be,atveése
and effective in‘communicating by means of these expressidns
(Zimmer 1980). This paradox of semanticé and disdourse could beb
easily discarded if the ease and effectiveness were merely (an
illusion. However, a host of experimented results indicate that
this is not the case: people are very adaptive to the implieé or
explicitly stated contexts as speakers as well as listeners
(Wever & Zener 1928, Witte 1960, Helson 1964,‘H6rmann 1933).

The seminal papers by Zadeh (1975) on linguistic variables
have provided an iﬁtegration of empirical and formal approaches
to the problem of absolute judgments. .Of spécial interest is
Zadeh's (1983) approach for the analysis of the colloqguial d%age
of standard (all, some, none, not all} and non-standard (few,

many, most) quantifiers. Goguen (1969) had suggested that the
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cciléguial usage of standard quantifiers is a fuzzlfled version
,ofk'their app11cation in lcgic. Zadeh's (1983) "computational
‘appioééhﬁ~to this problem consists in regarding fuzzy quantifiers
;éfkeiémentéf of a lingﬁistic variable and furthermore as fuzzy
i:'numbers (Dubois & Prade 1980) 1n the unit 1nterva1 This inter-
pretatlon of quantlf;ers results in ?n unified framework of
L standard ;and~nonfstandard‘quantifiers’preserving the meaning of
quantif;ers in standard predicate calculus as’ llmltlng cases. The
; emp1r1ca1 results of Z1mmer (1982) on the collogquial meaning of

quantifiers 1n.everyday situations, social sciences, and natural

o ééiences fit well into Zadeh's (1983) computational approach. The‘

’mod1f1catlon of their ‘meaning by the contexts of colloqulal
usage, howeVer, indicates that for an integrated approach towards
ca tormallzatlon of mundane reasoninq it is necgssary.to model the
praﬁmatiCS» of colloguial quantifiers by combining the context-
independent meaning of quantifiers with the fuzzy constraints
-Vexerted by the context. ’
There are two contfasting'approaches to the assessment of
ﬁsub§e¢tive'judggents of uncertainty:
{4y fo ask for numerical values and to calibrate and/or
transform ~t§¢se‘ﬁhlues in such a way that aéﬁitivity and
_multiplicativity are given, or .
{ii) to .ask for ggaiit;tive judgment of = uncertainty and to
k calibrate them as fuzzy numbers and to test if fuzzy
ﬁdditionv_and fuizy multiplication for disjoint events is
given.
Both approaches can be.integrated by intérpreting the results as

fuzzy numbers in the unit interval. However, Wallsten & Budescu
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(1983) and especialiy Zimmer (1963) have shown that éﬁalitative1
jﬁdgmentsb of uncertaintg seem to be closer to the intuitions of
the analyzed subjects. Furthermore, _ifv theé§ judéments are
analyzed subject for subject, biaSing effects on these judgﬁenté 5

as, for instance, conservatism wvanish.

3. DIFFERENT STRUCTURES FOR TRAINS OF ARGUMENTS »

The qualitative modifiers interpreted as fuzzy’numbers:imply
the application of a fuzzy caiculus for the evaluation _of theA
prétotyﬁical form of arguments, namely, nglogisms ﬁhere the
quantifiers of tﬁe major and the»mipor”premise are combined by a .
fuzzy operator in order to determine the quantifier of fhe'
conclusion. The structure of the standard syllogism‘ can _bef

represented by the graph im Figure 1.

Q (aRc) = Q (bRc)
Q(aRb) @ \0 Q(bRC) i oGar) 67 Ve Qlakc)
SR
s ® ® » ®
a b C : a ; C

Figure 1: Graphical representations of ;he standard syllogism
It the‘Q are fuzzy quantifiers and the R répresent the relation
s At tﬁe ev#luatidn of the conclusion simply consists of
multiplying the guantifiers of ;he premises.
This, however, is not the most simple structure of ar-
"guments} Much simplervand at least as important are linear_chains
of argumehts of the form: a implies b to the degree 91' b implies
¢ to the degree Qc’ .-s -and ¥y ;mplies'z_to the degrée Q=m1,

therzfore a implies z to the degrée of f{Ql....Qz_li. The major
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probiem with this structure of arguments, namely, that the longer
.the chain 1s the less information the conclusxon tends to be, has
been analyzed in Zimmer (1985). From a logical point of view this

‘result is stra1qhtforward but it does not fit the empirical

i results on human reasonzng. Apparently humans tend to compromise

-4between the stlcking to already Held opinlons (the confirmation
'ﬂ»prlnciple) ‘and the taking 1nto account sufficiently surprising

: new information (the novelty prxnc:ple) If the confirmation

"Q4pr1nc1p1e prevazls, only Supportive informatlon is processed and

upsettznq new 1nformation is discarded. The resulting information

proces51nq behavior exhibitsg the bias of extreme conservatism.

: fIf, however, merely the novel and surpr1s1ng information is used

- for -the updatlnq, an erratic behavior of blind trial-and-error
'results. ‘The empxrlcally observed behavior lies in between these
“two extremes‘ It can be modelled as in Formula 1 where Q. is the
kquantif1catlon at - time i,v‘bi is the corroboration parameter
(Osb 1$1) for the quantlfied proposltlon until time i, Ii+1 is the
novel information ohtained at time i+1, and the parameter

'ﬁcrit(OSGSI) determlnes whether the information Processing is

pr1mar11y conservative or governed by the novelty principle.

Rty 1o ;
= _f’i L(x); (1 bi)IiH (x} iffec )"crit
Q. = max :

Mo % : ; :
; : fi:X Qi: Ii+1 (x)} : F:x Qi; Ii+1 (x)] otherwise
wheres
{ay - == supf’m ok Ii+1(X)]

X %
If acrit approaches 0, 3 compromise between Qi and Ii+1 is

achieved even if Ii+1‘contradicts Qi' The higher the value for



is, the more probable is a bifurcation between the "old"

Ferit :
and the "new" claim. It can be seen without formal proof that
Bayesian information updating is a sﬁeciallcase of this model §f;,
iinear chains of arguments. .. : , : .
Th “ section 3 it has been mentionad that . ths :emﬁiricali;
results of Pepper (1981), Zimmer (1982}, and HSrmann (1983f shéwﬁ‘
contextual influences on the meaning of frequency expressions andu
colloguial quantifiers. Linear chains of arguments cannbt handlé}'
this problem because in this case there is not énly a bottom-up
or temporal integration of propositions but there are glso toéf'
down constraints on the meaning of the quantifiers in theéé
propesitions. This can‘5é~modelled in an ‘interactive heﬁerarqhy

for propositions (Figure 2).-

[Grteres] Py

constrains elicits - supports/contradicts

Standard meaning “ f : t'k :
of collogquial — S e
quantifiers | (proposition ) | '_—‘ (proposition B)f Etc.

(Fuzzy numbers) p

Figure 2: Information processing with context-dependent quantifiers

Even more qomplex trains of arguments can be found in the
-literature on Bayesian and’non—Bayesian updating of evidenée
(Sshafer 1976, sShafer & Tversky 1985, Kyburg 1987) . Howéver,‘in’
order to handle these nets of evidence, they have to be reofqan—
ized according to the assumed syntax of the evideqtial'scheme »in i
‘question. This virtualiy results’in a linearization or hierar-

chization as in Figure 1.
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Q{VAGGREGATING EWIDEﬁCE FOR ARGUMENTS
In the proceedinq section it has been shown how syllogistic

varguments can be computatlonally evaluated if the quantifiers are
«1nterpr§ted as fuzzy numbers. Furthermore, we had pestulated that
veﬁidenfialﬁ‘hete can be reorgaﬁized as hierarchies of arguments
 ﬁhieh'in turn can be analyzed computationally.
= Shefer ‘& -Tversky (1985) have discussed a Baysian par-
"-titioning desién which has provea to be quite generally applica-
ble in the case of evidence nets (Zimmer & Kdrndle 1987). ' The

- example of a murder case analyzed by Shafer & Tverskj reveals one
. maJor weakness of such de51gns if the processed evidence is
: weighed with numer1ca1 probablllty estimates: they tend to depend
*ndi ‘'s0  much on the strength of the ev1dence but more on iﬁs
‘ consisfency.ksven if only very weak but consistent circumstantial
evidence hes been gathered and analyzed; the outcome indicates a
very strong corroboration of the claim (1n this example a proba-
bzllty of .98 for the guilt of the accused). In Zimmer & Kdrndle
(1987) verbalu uncertainty expressions for the weighing of tﬁe
evidence have been elieited and transformed into empirically

determined fuzzy numbers. The result is shown in Figure 3.

P2y s

(-

8 gl

Figure 3: Evaluation of evidence for the Shafer & Tversky (1985)
example. The shaded area indicates the resulting fuzzy number
if verbal uncertainy expressicns are analyzed; the arrow
indicates the result of Shafer & Tversky with numerical
estimates.

»
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Figure 3 indicates that the result of Shafer & Tversky with
numerical estimates is subsumed by the fuzzy number'ﬁhich résult;[l

from the evaluation of the verbal uncertainty expressions if

these are inférpreted as values of a lihguistié variabie;

further interest is the comparison of the resultinq'cdrroborationif

of the claim (in this case: x is the murderer) if (i) the notmaéz
tive Bayesian partitioning deésign is applied or (ii) subjects are
asked to estimate the o—erall evidence for the claim. It"turns‘d'

out that subjects apparéntly process only very small parts of_the'

body of evidence in their overall evaluation of the claim, they
seem to be especially insensitive to complex debendencies. There-
fore, it is advisable for the design of decision support systems

to restriect the propositions to be evaluated by experts to simple

conditional statements. The overall evaluation,- however, should

be done by a computer according to the structure of the appli-

cable evidential design.
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