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Reasoning From Uncertain Premises

Christian George
Université de Paris 8 and CNRS, France

Previous studies have shown that (1) participants are reluctant to accept a
conclusion as certainly true when it is derived from a valid conditional argument
that includes a doubtful premise, and (2) participants typically link the
degree of uncertainty found in a given premise set to its conclusion. Two
experiments were designed to further investigate these phenomena. Ninety adult
participants in Experiment 1 were first asked to judge the validity of three
conditional arguments (Modus Ponens, Denial of the Antecedent, and Affirmation
of the Consequent). They were then required to evaluate conclusion uncertainty
as a function of two degrees of asserted uncertainty in the major conditional
premise (If p then it is very probable that q and if p then it is not very probable that
q) of the arguments from the first task that were otherwise unchanged. Results
revealed an effect for asserted-uncertainty in two of the three argument forms.
Marginal support was found for the hypothesis that perceived argument validity
would be a predictor of performance. Experiment 2 investigated the way 40 adult
participants combined two sources of asserted uncertainty, one in the major
premise and another in the minor premise, when they had to score the uncertainty
of the conclusion. The two most prominent kinds of responses were to choose the
same likelihood as the weaker of the two expressed in the premises, or a lower
one. However, the within-subject consistency was poor. Theoretical implications
are discussed.

INTRODUCTION

People are often obliged to make inferences from one or more premises whose
truth value is uncertain. Consider a physician who knows that “an inflamed
throat is frequently caused by streptococcus” and knows, too, that “this patient
has an inflamed throat”. She may well consider that the most plausible agent of
the patient’s disease is streptococcus. To take another example, imagine Jones,
who is speculating about where the Smiths might be next Sunday. He knows that
“every sunny Sunday, the Smiths go to the country”, and that “next Sunday will
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probably be sunny”. Most likely, Jones would endorse the conclusion “the
Smiths will probably be in the country next Sunday”. People typically
acknowledge that the inferred conclusion from premises like these is to some
degree uncertain (George, 1995; Stevenson & Over, 1995), and express their
degree of uncertainty about such a conclusion with qualifiers such as “probably”
or “may be”.

This kind of reasoning is related to deductive reasoning but is not identical to it.
Studies of deductive reasoning usually leave no room for uncertainty in their
presented premises. A typical deductive reasoning task does not include qualifiers,
such as “probably” or “frequently”, and requires a reasoner to treat a statement as
categorically true, a stance that is quite exceptional to everyday reasoning.

Of course, reasoning from uncertain propositions is not the only form of
reasoning that involves uncertainty. If by “uncertain” or “plausible” reasoning
we mean reasoning that leads to an uncertain conclusion, this could refer to
induction or statistical reasoning as well. However, induction concerns
arguments with presumed certain premises whose truth is not transmitted to their
conclusion. Statistical reasoning, which typically concerns inferences about
some quantitative descriptor linking samples and populations, offers very
specific cases of reasoning with uncertainty. In contrast, reasoning from
uncertain premises has a more general range. It includes arguments whose
formal structure could be considered at times deductive or inductive: some
information is transmitted from the premises to conclusion and sidesteps factors
such as knowledge of probabilistic principles.

How subjects reason from uncertain premises is of theoretical interest on two
fronts. One question concerns whether or not it requires special inferencing
mechanisms: if one considers that the belief or the assumption of the truth of the
premises is “transmitted” to the conclusion, why not assume that doubt can be
transmitted as well? If we suppose that doubt is transmitted in equal measure,
one can suppose several mechanisms to make it operational. One would be to
explain reasoning under uncertainty by the usual inference mechanisms, with the
addition of a final operation intended to rectify the certainty of the conclusion
according to the uncertainty of the premises. This kind of hypothesis can be used
with either of the two principal accounts of deductive reasoning: mental models
theory (Johnson-Laird & Byrne, 1991) as well as with formal rules theory
(Braine et al., 1995).

A second plausible mechanism would be an inferencing engine that
accommodates uncertainty. This has been considered for mental models theory
(Johnson-Laird, 1994). However, this approach is limited by several factors, e.g.
the quantity of resources required might exceed the capacities of the system. A
third mechanism could be construed by treating reasoning-from-uncertain-
premises as radically distinct. For instance, one can bring into play the similitude
between classes (Osherson et al. 1990; Smith, Shafir, & Osherson, 1993) or the
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compatibility between an hypothetical proposition and other knowledge (Collins
& Michalski, 1989). The use of continuous variables as criteria of inference
could be considered by some authors as pertaining to the same kind of
associative variables that are advocated by authors in the connectionist vein and,
thus, to a different kind of processing (e.g. Sloman, 1993). These possibilities
will be discussed further in the General Discussion.

A second issue concerns the epistemic nature of the inferencing link between
the premises and the conclusion and is relevant to the experiments that follow.
Standard logic divides arguments into only two categories, valid and invalid, and
is concerned only with the first one. Such a dichotomy is too strict for many
purposes. For instance in Popper’s (1934) epistemology, evidence cannot prove
 a theory, it can only falsify it. But all unfalsified theories are not alike. Some
unfalsified theories can look more plausible than others because they seem to
better account for the presented evidence. Thus various authors, including Karl
Popper himself (1954), have claimed that the logic of proof should be
complemented by a logic of confirmation (not to be confused with the strategy of
confirmation) and, moreover, have looked for ways to compare degrees of
confirmation.

This leads to new ways of conceiving arguments, notably as structures
involving a “confirming” or a “supporting” relationship between the premises
and the conclusion instead of an “entailing” or a “proving” relationship. In other
contexts, the confirming relation is termed strength of the inferential link from
premises to conclusion. From the point of view of individuals, the psychological
strength of the argument (Osherson et al., 1990) may be more important than the
validity that logicians attach to arguments. The concept of confirmation, or
argument strength, presents the advantage of allowing various forms of
reasoning such as deduction and induction to be integrated into the same
conceptual framework (Johnson-Laird, 1994; Osherson, Smith, & Shafir, 1986;
Osherson et al., 1990).

Experimental psychology has not yet devoted much attention to reasoning
from uncertain premises. (Other domains of cognitive science—mathematical
logic and AI—have constructed useful formalisms of reasoning with uncertain
premises, see for instance Shafer & Pearl, 1990.) There are few experiments on
the topic, and only a subset of these have a response format that allows subjects
to assign uncertainty to a conclusion. With one exception (Hewson & Vogel,
1994), experiments have been conducted with conditional syllogisms, i.e. with
arguments whose major premise is constituted by a conditional statement of the
form If p then q. Doubt is then assigned to the statement in one form or another
(e.g. one can say if p then it is probable that q).

Before proceeding further it is appropriate to distinguish between two loci of
a premise’s uncertainty. More specifically, one has to consider the
conversational locus of a premise’s uncertainty. Consider the two statements:
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(1) If Peter passes his exam, he will probably go to Rome.
(2) If Peter passes his exam, he will go to Rome.

In (1) the speaker explicitly asserts some degree of uncertainty by the use of the
modal “probably”, but does not in the second. We shall thereafter call asserted
uncertainty the uncertainty mentioned by the speaker. When no degree of
asserted likelihood is mentioned, as in (2), the statement is implicitly offered as
a categorical one. The listener, however, may have some opinion of her own
about the speaker’s statement. She may agree or disagree with what is said. For
instance the listener may have some doubt about the truth status of (2)—imagine
that she knows that Peter has a girlfriend in Paris. We shall hereafter call evoked
uncertainty the degree of listener belief concerning the event in a speaker’s
statement. Evoked uncertainty may stem from several sources, notably the
compatibility of the assertion with personal knowledge or beliefs (e.g.
Cummins, Lubart, Alksnis & Rist, 1991; George, 1995), the consistency of one
assertion with others made by the speaker (e.g. Byrne, 1989), or the authority of
the speaker (Over, personal communication).

Of course, asserted uncertainty may or may not be equivalent to evoked
uncertainty—one may evoke one’s own degree of uncertainty despite the
asserted uncertainty of the speaker. We would also expect a speaker’s and
listener’s degree of uncertainty to coincide either when the listener evokes a
modal that is the same as the one used by the speaker or when the listener has no
personal opinion about the event in question—for example, Peter’s travelling
plans in (l). We assume that when somebody is reasoning from her own beliefs,
asserted uncertainty should merge with evoked uncertainty. In short, the locus of
asserted uncertainty is the speaker and the locus of evoked uncertainty is the
listener.

Asserted uncertainty has been manipulated by changing a modal concerning
the frequency of the event referred to in a conditional’s consequent (Stevenson
& Over, 1995). Evoked uncertainty has been manipulated in two ways. The first
one follows from the method developed by Byrne (1989) in which an additional
premise is introduced which casts doubt on the truth of the major premise
(Politzer & George, 1992; Stevenson & Over, 1995). For instance, Byrne
presented subjects with a standard Modus Ponens argument such as in (3a-b):

(3) (a) If she has an essay to finish then she will study late in the library.
(b) She has an essay to finish.

As is usually the case with Modus Ponens, 96% of subjects accepted the
conclusion “she will study late in the library”. In another condition, the
believability of the major premise was modified by the introduction of a third
premise:
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(3c) If the library stays open then she will study late in the library.

In this condition, only 38% of the participants accepted the conclusion “she will
study late in the library”. Another way to manipulate evoked uncertainty is to
use conditional statements that are more or less compatible with the knowledge
or beliefs of the participants (Cummins et al. 1991; George, 1995).

These experiments yield the following four general conclusions. First, when
uncertainty is introduced about the conditional major premise of a valid
argument, such as Modus Ponens or Modus Tollens, most people do not attribute
certainty to its conclusion (Byrne, 1989; Cummins et al., 1991; George, 1995;
Politzer & George, 1992; Stevenson & Over, 1995).

Second, if given the opportunity to do so, people will accept qualifying
phrases (about their uncertainty concerning the truth of a conclusion) instead of
choosing the response option “one cannot tell”. The way qualifications are made
is through an ordinal response scale that has (1) qualitative terms referring to
probability or frequency (George, 1995; Politzer & George, 1992; Stevenson &
Over, 1995), or (2) numerical points expressing degrees of certainty (Stevenson
& Over, 1995).

Third, with Modus Ponens or Modus Tollens (which has the form if p then q;
not-q and prompts the valid conclusion not-p), the degree of uncertainty in the
conclusion is linked to the degree of uncertainty in the premises. This finding has
been reported when degree of uncertainty was determined by the experimenters,
judging from the meaning of the terms used in the premises (Politzer &
George,1992; Stevenson & Over, 1995) as well as by judgements from
participants themselves (George, 1995). It is interesting to note that this result
has been observed in experiments when participants have been either requested
to endorse the presented premises by assuming they were true (George, 1995;
Stevenson & Over, 1995, Experiment 1) or not (Politzer & George, 1992;
Stevenson & Over, 1995, Experiments 2, 3, & 4). This suggests that reasoning
under uncertainty can prevail over reasoning that requires assuming the truth of
the premises.

Fourth, the link between the uncertainty in the premises and uncertainty in the
conclusion is less pronounced with non-valid deductive arguments than with
valid deductive arguments. The non-valid arguments are Affirmation of the
Consequent (if p then q; q often prompts participants to incorrectly conclude p
when no conclusion is called for) and Denial of the Antecedent (if p then q; not-
p similarly prompts participants to incorrectly conclude not-p when no
conclusion is sanctioned logically). These two non-valid arguments transmit
uncertainty less reliably than the valid Modus Ponens argument (Stevenson &
Over, 1995, Experiments 2 vs 4), although the premises-to-conclusion
uncertainty link was statistically significant with AC but not with DA (Stevenson
& Over, 1995, Experiment 4). It should be noted that the first three findings



166 GEORGE

summarised here have actually been established with both sorts of uncertainty.
The fourth has been established with asserted uncertainty.

Uncertainty as studied in this paradigm has two other dimensions besides
locus. One concerns the scope of the uncertainty with complex propositions and
the other is its basis (as either frequentist or non-frequentist). Both of these may
well have some psychological significance. With respect to the scope of asserted
uncertainty in conditionals, the modal can be placed before the entire sentence,
as in (4), or before the consequent, as in (5):

(4) Generally if there is a west wind, it rains soon thereafter.
(5) If there is a west wind, generally it rains soon thereafter.

Formally, these two statements are not equivalent1 (see Edgington, 1995). From
a psychological point of view the partial scope in (5) is easier to process because
it amounts to considering the cases A & C against the whole set of cases A. In
contrast, propositions such as (4) are noticeably more complex because they
express probability over the whole statement and it is difficult to valuate p(A É
C).

Given these intuitions, one may assume that reasoners will not necessarily
distinguish between these two different scopes and will treat a modal statement
as referring to the conditional probability or belief of the consequent C given the
antecedent A; in formal terms, p(C | A). That is, people would be expected to
treat statement (4) as having partial scope, as in (5). It follows from this analysis,
then, that people would generally be expected to prefer a partial scope
interpretation in cases of evoked uncertainty. This is consistent with Adams’
(1975) stance. (There may be exceptions, e.g consider evoking uncertainty about
an arbitrary conditional  such as If the sea is salty then Paris is the capital of
France.) Given these considerations (and in order to avoid potentially diverging
interpretations), the present work employs experiments that assert uncertainty
having only a partial scope.

The third pertinent dimension is perceived basis. This is related to whether a
statement is based on frequentist or non-frequentist evidence. Since Savage (see
Shafer & Pearl, 1990), mathematicians distinguish between what is referred to
as objective vs. subjective probabilities or as frequency vs. rational degree of
belief. We may transpose this distinction by considering uncertainty as having
an extensional basis when one refers to the frequency of some event, or an
intensional basis otherwise. Some modal terms or expressions explicitly refer to
frequencies, such as often, sometimes, most of the . . . , or half of the . . . , while
others have a more open meaning because they refer either to single cases or to
regularity, such as likely or probably. It should be noted that in studies where the

1I am indebted to David Over for having drawn my attention to this point.
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major premise refers to some frequency, the minor premise, the second line in
(6), introduces a singular case:

   (6) When Peter enters a bookshop, he frequently buys a book.
Peter enters a book shop.

In the two experiments reported here, the more open modal terms (i.e likely,
probably) were adopted in order to accommodate their use in either a major or
minor premise as well as a conclusion.

The present study was designed to extend previous results by investigating
how people assign degrees of uncertainty to conclusions given some asserted
degree of uncertainty in the premise(s). More specifically, it focuses on two
goals. The first goal is to investigate how the perceived validity of a given
argument affects the degree of uncertainty attributed to its conclusion, given that
one of its premises refers to some uncertainty. Because logically valid arguments
transmit the truth of their premises to their conclusion, but invalid ones do not,
the validity status may constitute a rational basis on which to establish a link (or
not) between the level of uncertainty of the premises and the level of uncertainty
of the conclusion.

The present approach is the following: rather than imperatively categorise
subjects’ responses as valid or not valid, argument validity will be considered
from the point of view of each participant across two related tasks. This
individual-differences factor has not been investigated in previous studies and
might help to explain why a more systematic relationship has been observed
between the uncertainty of the major premise and the uncertainty attributed to
the conclusion with the valid argument Modus Ponens (MP) and not with the
invalid arguments Denial of the Antecedent (DA) and Affirmation of the
Consequent (AC) as reported by Stevenson and Over (1995, Experiments 2 vs 4).
This result can be hypothesised if one assumes that MP is more often perceived
as valid than DA and AC, as suggested by previous data (see Evans, Newstead, &
Byrne, 1993), and that the perceived validity of an argument, or its “strength”,
affects the likelihood of its conclusion (Johnson-Laird, 1994; Osherson et al.,
1990). This is investigated in Experiment 1.

The second goal, investigated in Experiment 2, is to discover how conclusions
are affected when uncertainty comes from two sources, the major and minor
premise. By using either the same or a different degree of uncertainty for the two
premises, it should be possible to discover whether participants use a systematic
approach in attributing degrees of uncertainty to the conclusion and, if so, what
this approach is. The procedure was designed to indicate whether participants
use probabilistic, or other, principles without using numerical values.
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EXPERIMENT 1

It is well established that (1) some arguments elicit more agreement among
participants than others in standard experimental conditions that do not concern
uncertainty, and (2) the subject’s dominant opinion may or may
not coincide with the logician’s point of view (see Evans et al., 1993). Thus in
order to reach its goal, Experiment 1 included two tasks, one designed
to determine how participants evaluate the validity of the conclusion of
three arguments without uncertainty, and another to find out how they evaluate
the degree of certainty (or uncertainty) of the conclusion of the same arguments
when an asserted uncertainty was introduced into the major premise.

Three conditional arguments were used, Modus Ponens, Denial of the
Antecedent, and Affirmation of the Consequent. The first is valid according to
the standard logic of deduction, but the other two are not. With the usual
procedure consisting of requiring an evaluation of the presented conclusion by
choosing one of the following response options “always true”, “always false”,
and “undecidable” or similar formulations, Modus Ponens is (rightly) endorsed
by nearly all participants, and the other two are (albeit wrongly) endorsed by
nearly half of all participants, and sometimes by more than half (Evans et al.,
1993). In the present studies, participants were invited to consider the premises
true, so the acceptance or refusal of the conclusion should coincide with a
judgement about the validity or the invalidity of the argument.

Two important decisions went into designing Experiment 1. The first
concerned the response format to be used in the first task about the evaluation of
the arguments. Numerous authors consider that many arguments, although not
logically valid, nevertheless possess an inferential link such as that the truth of
the premises strengthens our confidence in the truth of the conclusion, or
supports it. Moreover the degree of support, termed strength of the inferential
link or psychological strength of various inductive arguments can be evaluated
by lay people on an ordinal scale (Osherson et al., 1990) or a numerical scale
(Smith et al., 1993). Given these data, one can assume that people are able to
categorise arguments into three classes, (deductively) valid ones, (inductively)
confirming ones, and unsupporting ones. In order to capture the distinction
between these, a three-option response format was used in the first task of
argument evaluation (hereafter, Task 1): (1) valid arguments, (2) confirming
arguments, and (3) unsupporting arguments. It was predicted that the likelihood
assigned to a conclusion would depend on both the perceived validity of the
argument (its strength) and on the likelihood asserted in its premises, as was
previously assumed (Johnson-Laird, 1994).

The second decision concerned the response format for the second task of
inferencing (Task 2). As described earlier, it was decided to use conditionals
with asserted likelihood and a partial scope, such as If Manuel is listening to a
lecture, then it is (very probable) (not very probable) that Julie is in the library.
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The drawback is that, across individual participants, a given verbal term may
express different degrees of uncertainty. For instance, in a preliminary study
where students were invited to assign the most typical percentage of frequency to
some terms, the range of responses for probably varied from 33 to 90 (on a scale
ranging from 0 to 100). To avoid intra-subject inconsistency, the response scale
included the same two expressions used to qualify the uncertainty in the premise
(very probable, not very probable), two terms without ambiguity to anchor the
end points (certainly true, certainly false), plus new terms interspaced between
them (almost certainly true, probable, improbable . . .). Thus each participant
had the possibility of evaluating the conclusion with the same degree of
uncertainty as in the premise, whatever the numerical interpretation he/she gave
to it, or with a different degree that can be located on the scale in relation to it.

In addition to the nine scale response-options, an undecidability response-
option was added This choice was justified by comparing the available
formalisms for attributing and computing uncertainty. In cases of complete
ignorance, it may actually be wiser not to give a degree of probability or belief to
the alternative event (as per the Dempster-Shafer theory as explained in Shafer,
1976). Thus, if a participant judged that it is impossible to attribute some degree
of uncertainty to an argument, he or she would have the opportunity of
expressing this through an additional response-option “one cannot tell”.

In summary, it was expected that the uncertainty in the major premise would
affect the degree of uncertainty attributed to the conclusion, as reported  else-
where. It was also expected that this link would be more pronounced as a
function of an individual participant’s perception of argument validity (as
judged by their responses in Task 1). More specifically, uncertainty linking
premise and conclusion should be clearest (in Task 2) with arguments originally
judged valid (in Task 1), blurred (in Task 2) with arguments originally judged
confirming (in Task 1), and confused or nul (in Task 2) with arguments original-
ly judged unsupporting (in Task 1). It is possible that subjects do not detect what
a logician considers valid but what their own intuition judges to be valid. It is
participants’ intuitive judgements that are investigated in Experiment 1.

Method

Subjects. A total of 92 students of the Literature and History departments of
the University of Paris VIII, untrained in logic, voluntarily participated in
Experiment 1.

Design. All participants had to complete two successive tasks, first an
evaluation of the validity of arguments without uncertainty in the premises (Task
1), and second an evaluation of the degree of uncertainty of the conclusion of
arguments with uncertain premises (Task 2). Three types of conditional
arguments, Modus Ponens (MP), Denial of the Antecedent (DA), and
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Affirmation of the Consequent (AC) were used in both tasks. Each type of
argument was used only once in Task 1 and twice in Task 2 as a function of two
degrees of uncertainty in the premises, giving a total of nine actual arguments
plus one buffer argument at the beginning.

Materials. Participants were presented with booklets and were requested to
reply on them. The three conditional arguments of Task 1 were presented in one
of the six permutations of their order. Task 2 presented six arguments in one of
six orders as well, thus constituting 36 (6*6) kinds of booklets. Each of the actual
arguments were presented on separate pages of the booklets, with the two
premises on separate lines above a horizontal line, and the conclusion below.

Task 1 (the evaluation of the validity of traditional arguments) also contained
one relational argument (used only once as a buffer item) and three conditional
arguments. Each type of argument always contained the same content. The
relational argument was (translated from French):

Annie is to the left of Bertrand
Annie is to the left of Claude

Bertrand is to the left of Claude

The three conditional arguments were Modus Ponens:

If Pierre is in the kitchen then Marie is in the garden
Pierre is in the kitchen

Marie is in the garden

Denial of the Antecedent:

If Clara is at the post office, then Julien is at the grocer’s
Clara is not at the post office

Julien is not at the grocer’s

Affirmation of the Consequent:

If Manuel is listening to a lecture, then Julie is in the library
Julie is in the library

Manuel is listening to a lecture
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Each argument was preceeded by the sentence Assuming that each premise is
true, what can be said about the conclusion presented? and followed by I think
that (check one of the three options):

l this conclusion is certainly true
l this conclusion is more likely to be true than false
l one cannot tell

In Task 2, the same three types of conditional arguments were employed. This
time, the major premise was modified by the introduction of either it is very
probable that or it is not very probable that at the beginning of the consequent,
just after then. The response format was modified, with nine options on
successive lines and the tenth on a separate line

l certainly false
l almost certainly false
l very improbable
l improbable
l not very probable
l probable
l very probable
l almost certainly true
l certainly true

l one cannot tell

Procedure. Experiment 1 took place during a lecture break. Students were
invited by the experimenter to answer questions in the booklet about instances of
everyday reasoning. Booklets were randomly distributed. Participants took
about 10 minutes to answer all the questions. The first page of the booklet
explained how the arguments were presented, page 2 presented the first task,
pages 3 to 6 the four corresponding arguments, page 7 presented the second task,
and pages 8 to 13 the six corresponding arguments.

For Task 1, participants were told: By assuming that the two premises are true,
your task is to determine whether the presented conclusion follows from them,
and if so, to evaluate its truth. For Task 2, it was mentioned that in everyday life
people are often obliged to reason from uncertain data, one example was given,
and participants were required to evaluate the likelihood that the presented
conclusion is true for each argument; if you cannot, then respond with “one
cannot tell”.
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Results

Two participants were dropped from the analysis because one failed to answer
one item and the other gave the same answer to all items. For each type of
argument, Modus Ponens (MP), Denial of Antecedent (DA), and Affirmation of
the Consequent (AC), the answers of 90 participants in the second task were
analysed separately according to the status they had given to these arguments in
the first task. Thus for the MP argument, participants were divided into three
subgroups: those who judged that it was a valid argument (they answered that
the conclusion was certainly true), those who judged that it was a confirming
argument (they answered that the conclusion had more chances of being true
than false), and those who judged that it was an unsupporting argument (they
answered that one cannot tell). The same operation was done for DA and AC
arguments. Results are presented in Table 1.

The results from Task 1 are presented on the top row of each panel, which
shows the number of subjects who judged each argument to be valid (top panel),
confirming (middle panel), and unsupporting (bottom panel). They prompt two
remarks. The first is that, as in previous studies, most subjects considered the
logically valid MP as valid and an important proportion of them also considered
the (logically non-valid) DA and AC valid as well. The percentages are 74% (67/
90), 47% (42/90), and 32% (29/90), for the three arguments respectively.
Although the percentages for DA and AC are consistent with those reported
under standard conditions (cf. Evans et al., 1993), the percentage for MP, which
is usually well over 90%, is lower. This decrease may be due to the particular
content of the material used (one student justified her rejection of MP by saying
“Pierre’s being in the kitchen has nothing to do with Marie’s being in the
garden”), or it may due to the response format that offers an opportunity to avoid
categorical assertions (George, 1995). The second remark is that when
participants did not consider a given argument as a valid one in DA and AC, they
used both of the two other response options roughly equally. That is, 27% and
37% of participants considered DA and AC (respectively) as confirming
arguments. In MP, participants’ dominant “non-valid” response was to endorse
the “confirming” argument over the “non-supporting” (20% vs. 6% of
participants, respectively).

The data from Task 2 confirmed the results of previous experiments: the
degree of uncertainty assigned to the conclusion of an argument with an
uncertain premise is linked to the uncertainty of its major premise. This was
indicated by two findings. One was the high frequency of “repetition” response,
i.e. a response consisting in the choice of a degree of uncertainty on the 9-point
response scale identical to the one expressed in the major premise (see Table 1,
fourth row of each panel). Numerous participants judged that the conclusion was
“very probable” when the consequent of the major premise was said to be “very
probable” and “not very probable” when it was said to be “not very probable”.
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TABLE 1
Experiment 1

Arguments

MP DA AC

VP NVP VP NVP VP NVP

Status given in Task 1: Valid argument
Total of subgroup 67 67 42 42 29 29
No of scaled responses 64 63 38 32 28 25
No of “Certainly true” responses 8 2 7 2 6 1
No of “Repetition” responses 40 37 17 5 17 10
Mean of scaled responses 7.20 5.08 6.76 4.97 7.25 4.20

Status given in Task 1: Confirming argument
Total of subgroup 18 18 24 24 33 33
No of scaled responses 17 17 23 21 31 28
No of “Certainly true” responses 2 1 1 1 4 1
No of “Repetition” responses 9 7 8 5 10 9
Mean of scaled responses 7.05 4.35 6.04 5.90 6.68 3.89

Given status: Unsupporting argument
Total of subgroup 5 5 24 24 28 28
No of scaled responses 4 3 17 16 21 21
No of “Certainly true” responses 1 0 2 2 3 1
No of “Repetition” responses 1 0 4 2 8 10
Mean of scaled responses 6.00 4.33 6.00 6.19 6.48 4.19

Degree of uncertainty attributed to the conclusion (from a conditional argument) as a function
of the validity status assigned to it in Task 1 (which asserted no uncertainty) and of the uncertainty
asserted in its major premise in Task 2 (Experiment 1). MP: Modus Ponens; DA: Denial of the
Antecedent; AC: Affirmation of the Consequent; VP: very probable; NVP: not very probable.
N = 90.

They constituted the most frequent response type among the 10 response options
in 16 out of 18 cells in Table 1 (6 actual arguments * 3 validity status).

The second indicator was the “mean of scaled responses” (Table 1, last row of
each panel). This was computed by allocating a score from 1 to 9 for each degree
of the 9-point response scale from “certainly false” to “certainly true” (the
response “one cannot tell”, which was outside this scale, was excluded from the
calculus). So the response option “not very probable” was scored as 5, and “very
probable” as 7. Generally, the observed means increased when the degree of
likelihood asserted in the major premise increased.

In order to investigate the effect of the perceived status of argument, three 2-
factor ANOVAs were conducted on the scaled responses, one per kind of
argument, with uncertainty in the premise as a within-subject variable and
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validity status (as judged in Task 1) as a between-subject variable2. (Each
ANOVA was conducted only on subjects who gave a scaled response on both
degrees of uncertainty of a given sort of argument. The ANOVA for MP did not
include the subgroup “unsupporting” due to its low frequency). The uncertainty
factor was significant with MP (F = 97, P < .0001) and AC arguments (F = 62,
P < .0001), but not with DA (F = 1.58, P < .05). The validity status factor never
reached the significance level of .05 and there were no significant interactions
between the two main factors.

Nevertheless it seems from Table 1 that the validity status given to an
argument under standard conditions had a predictive effect on the degree of
uncertainty attributed to conclusions when uncertainty was introduced in the
major premise. The means of the scaled responses (from valid to confirming and
from confirming to unsupporting arguments) both tended to decrease. The
percentage of “repetition” responses provides the best indicator that perceived
validity is critical to subjects’ responding.

The frequency of repetition responses was compared between participants
who had judged that an argument was valid and those who did not. The
difference was significant for MP with the “not very probable” premise
( c 2 = 4.21, P < .05). That is, participants who in Task 1 judged MP to be valid
were more likely to provide a “repetitive” conclusion (to the conditional premise
asserted as not very probable) than those subjects who judged MP as a
confirming argument in Task 1. The same is true for AC with the “very
probable” premise (c 2 = 7.01, P < .01). Thus the perceived validity status given
to an argument appears to have less of an effect than the kind of argument.

Another way to investigate the effect of the validity status was to ask whether
the tendency present at the between-subjects level of Table 1 is also present at a
within-subject level. Two simple probes were used. One consisted of
investigating the responses of participants who had assigned a different status to
the three arguments while considering that MP was valid (thus, DA would be
considered confirming and AC unsupporting, or conversely) and this yielded
seven participants. If their response was a function of the status they had
attributed to an argument, then their responses to each of the three arguments
presented with “very probable” should have differed. The same goes for their
responses to the three arguments with “not very probable”. This was the case for
three participants out of seven.

2The factor “validity status of an argument” was not included in a single 3-factor ANOVA because

it is not an individual constant, nor a systematic factor of the kind of argument. It is the dependent
variable of the first task and generally varies from an argument to another within a same subject,
giving 33 = 27 possible subgroups (3 status * 3 kinds of argurnents) for 90 subjects. Moreover, the
number of unscaled responses varied from 1 to 10 per argument. In this case, experts (e.g. Rouanet &
Lecoutre, 1983) recommend doing specific analyses related to the question(s) of interest, rather than a
systematic partition of the sum of squares.
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A second probe consisted of investigating participants who had judged all
three arguments types as valid (16 participants). In these cases, a participant who
determines conclusion-certainty based on perceived validity status would be
expected to give the same response to the three arguments presented with “very
probable”, and a different identical response to the three arguments with “not
very probable”. Only three out of sixteen participants behaved in this way over
all six conclusions. Thus the tendency to evaluate a conclusion as a function of
the validity status of an argument was generally present only in fragments of the
behaviour of some participants, and very rarely constituted a consistent strategy
involving all of a participant’s responses.

Discussion

The results of Experiment 1 support two main conclusions. First, among the  10
available response options in the task of evaluating the uncertainty of
conclusions, the dominant one was the 24 “repetition” response which consisted
in allocating the degree of uncertainty found in the premise to the conclusion.
This indicator was linked to another, the mean of scaled responses, indicating
that all scaled responses moved towards high degrees of certainty on the scale
with a “very probable” major premise, and towards lower degrees with a “not
very probable” major premise. Thus when one premise involved some
uncertainty, the dominant strategy consisted of transferring this uncertainty to
the conclusion by choosing either a close or exactly the same degree on the scale
of response options.

The second conclusion is that this strategy depended on the type of argument
and to a lesser extent on the status given to an argument. It was previously
observed that the link between uncertainty in the premise and uncertainty in the
conclusion was stronger for a logically valid argument such as Modus Ponens
(MP) than for logically non-valid ones such as Denial of Antecedent (DA) or
Affirmation of the Consequent (AC) (Stevenson & Over, 1995). More
specifically, the link was significant with AC but not with DA in this study.

Stevenson and Over (1995) predicted this specific result. They expected a link
for AC because it is well known that some persons interpret a conditional as a
biconditional on Gricean grounds. They inferred that the weakening of the
likelihood of the consequent given the antecedent would suggest that reasons
other than the antecedent may also be associated with the consequent, thus
preventing participants from drawing conclusions from the consequent to the
antecedent. The authors did not expect participants to link the uncertainty in the
major premise with its conclusion in DA because they considered that the
likelihood of the consequent given the antecedent should be of little concern to
persons told that the antecedent is not the case. Experiment 1 was designed from
a different point of view. It considered that conclusion evaluation should depend
on perceived argument status, and that people might consider an intermediate
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status between totally valid and totally non-valid arguments. From this point of
view, it was predicted that the perceived status of an argument would have an
effect on the evaluation of its conclusion. The results showed that the perceived
status of each type of argument had a limited effect on the conclusion with MP
and AC arguments, but not with DA. Thus, perceived status of each type of
argument cannot entirely explain the differences observed by Stevenson and
Over.

EXPERIMENT 2

Experiment 1 confirmed the results of previous studies: that the degree of
uncertainty concerning a premise is generally transmitted to the conclusion. An
obvious follow-up of this study would be to determine whether this behaviour is
extended when uncertainty is introduced both in the major and minor premises:
do people choose one of these two degrees of uncertainty for their conclusion,
and if so, which one? Or do they combine the two degrees of uncertainty to
compute the uncertainty of the conclusion; if so, according to what modalities?

Experiment 2 investigates this issue. In order to circumvent the difficulties
due to variations in the perceived status of an argument, only the Modus Ponens
argument was employed because most people consider it valid. One of three
degrees of uncertainty (certain, probable, not very probable) was introduced
both in the major and in the minor premises, thus giving nine pairs of degrees.
Thus, nine actual arguments—one for each possible combination—were
presented to all participants. The participants’ task was to evaluate the
conclusion presented on a 9-point scale which included the three kinds of
uncertainty expressed in the task’s premises.

The point of interest concerns the two arguments with equally uncertain
premises “very probable–very probable” or “not very probable–not very
probable”, and the two arguments with unequally uncertain premises, “very
probable–not very probable” and “not very probable–very probable”. Several
formalisms are available in mathematical logic and in Artificial Intelligence to
combine values of uncertainty and to infer a conclusion from uncertain premises.
These seek to satisfy strong consistency constraints and require important
computational resources, and thus it is doubtful that any of them can model
human inferences. It is possible, however, that some of their principles are used
in a rudimentary form in human thinking. The best known formalism is
probability theory, whose use, instead of being limited to statistical reasoning,
can be extended to more standard forms of reasoning by substituting ordered
degrees of likelihood or degrees of belief to the numerical values of probability.

This can be done in two ways. The first one consists in using the axiom about
the probability of the conjunction of two independent events x and y: p(x & y) =
p(x) * p(y). By considering that the conclusion “q” of a Modus Ponens results
from the conjunction of its two premises, this multiplicative rule allows
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computing of the uncertainty of the conclusion. The second way consists in using
the axiom about conditional probability, p(c) = p(c | a) * p(a) and provides the
same outcome as the multiplicative rule. This axiom can be used by considering
that the conditional major premise refers to the likelihood of the consequent, c,
given the antecedent, a. The minor premise refers to the likelihood of the
antecedent and the conclusion to the likelihood of the consequent.

The second way also involves a multiplicative rule, and it has the same effect
as the first. They differ with respect to the scope allocated to the modal in the
conditional premise (see the introduction). The first way relies on a modal with
an overall scope, and the second on a modal with a partial scope. Thus the
probability formalism allows one to assert that the conclusion’s uncertainty
should be equal to the degree of uncertainty in the uncertain premise when only
one premise is uncertain, and to be inferior (in degree) with respect to the most
uncertain premise if both premises are uncertain.

The well-known AI systems for medical diagnostics, MYCIN and EMYCIN,
each use the first way to compute the believability of the conclusion of
assertions like “if symptoms a and b then disease d” given the believability of
the conditional assertion and of its antecedent (e.g. Gordon & Shortliffe, 1985;
Shortlife & Buchanan, 1975). But a different rule is used to compute the global
believability of the antecedent “a and b” given the believability of each
symptom MB(a) and MB(b), where MB represents degree of belief. This rule
states that the believability of “a and b” is equal to the lower value of its two
constituents: MB (a and b) = Min [MB (a), MB (b)] (a maximum rule is used
with a disjunction “a or b”). Thus, one could specify the question when argu-
ments involve two unequal uncertain premises: does the degree of uncertainty
assigned to the conclusion conform to a weaker form of the multiplicative rule of
the probability theory, to a minimum rule, or to some other rule?

Method

Subjects. Forty students of the History and Literature departments of the
University of Paris VIII, untrained in logic, voluntarily participated.

Materials. Nine Modus Ponens arguments were constituted from nine
conditional statements as a major premise. As in Experiment 1, the antecedent
and the consequent of each conditional involved an imaginary character in some
particular place. The asserted uncertainty of the major premise was expressed as
the likelihood of the consequent given the antecedent. Three degrees were used:
certain, very probable, not very probable (in French, certainement, très
probable, and peu probable). The minor premise was the antecedent of the
major, preceded by one of these three degrees of modality.

Hereafter arguments will be labelled by the capital(s) of the modal used in the
major and the minor premises separated by a slash, e.g. C/VP, VP/NVP. Two
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sets of nine arguments ( a  and b ) were constituted from two sets of nine
conditionals, the second set of conditionals being constituted from the first by
permuting the antecedent and the consequent clauses without altering the degree
of uncertainty (for instance, If Bertrand is in the kitchen, then it is certain that
Marie is in the garden becoming If Marie is in the garden then it is certain that
Bertrand is in the kitchen). The first set of arguments is presented in the
Appendix. The arguments were presented as in Experiment 1 with the degree of
uncertainty printed in italics on separate pages of a booklet. The 9-point
response scale used in Experiment 1 was employed here (the outside-scale
option “one cannot tell” was not included).

Procedure. Experiment 2 was conducted under the same general conditions
as Experiment 1. The first page of the booklet indicated that the goal of the
experiment was “to investigate how people evaluate the conclusion of arguments
which sometimes involve uncertain assertions”, with the example “if it rains
then he will not come; it will probably rain; so ?”. Participants were required “to
indicate the degree of certainty that you assign to the truth of the conclusion
presented”.

An important point is that participants were invited to read all nine arguments
before beginning to answer them, contrary to the standard procedure which has
participants reading and answering items as they go along. This was done in
order to increase within-subject consistency (inspection of the results of a pilot
study indicated high intra-participant variability when the standard procedure
was used). With this modified procedure, participants can familiarise
themselves with the most certain and the most uncertain conclusions in advance,
and thus more precisely calibrate their responses across the range of uncertainty
expressions from the beginning.

Pilot Study. A pilot study was conducted with 62 students from the History
and Literature departments of the University of Paris VIII with the same general
procedure, with two exceptions. The argument C/C (with the modal Certain both
in the major and the minor premises) was always in the first position and
participants were required to read and answer each problem in the order of the
pages of the booklet. Five participants were excluded from the analysis. The
argument C/C, which can be considered as equivalent to the standard Modus
Ponens, gave an unexpected pattern of results. Only 24 participants out of 57, i.e.
42%, answered that the conclusion was “certainly true”. The responses of the
other participants were distributed across the response scale, with 6, 4, 11, 6, 1,
3, 1 responses respectively for “almost certainly true” “very probably true”,
“probably true”, . . . , “certainly false”. This value of 42% of full acceptance of
the conclusion of Modus Ponens in the absence of asserted uncertainty was
considered weak and to have suggested some bias. For instance, participants
might have been confused by encountering first an argument without uncertainty
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when they had been told to expect uncertain premises. In order to avoid leaving
subjects in a bewildered state, it was decided to introduce the above-mentioned
modifications in the main experiment.

Design. The nine arguments were a within-subject variable. The NVP/NVP
argument was always in the last position, with eight permutations of the eight
other arguments (thus C/C could appear in any position from the first to the
eighth). The two kinds of material per argument (a  and b ) and the six orders of
arguments were a between-subjects variable, giving 2 * 8 = 16 kinds of booklets.

Results

Four participants were excluded from analysis, two because they did not answer
all of the questions, and two because they gave the same answer to all questions.
The frequency of each chosen response per argument is shown in Table 2 with
36 analysed protocols. As can be seen, 26 participants (72%) considered that the
conclusion of Modus Ponens with “certain” in both premises (argument C/C)
was certain, and 10 (28%) that this conclusion was almost certainly true, or very
probably true, or probably true. This response to C/C argument could be
considered as a judgement about the validity status of MP, as in Experiment 1.
The results from the two subgroups of 26 giving a certainly true response and the
10 remaining participants were not analysed separately because inspection of
the data did not show significant discrepancies between them.

Overall, there is a clear tendency to favour what I will call the “min” response,
which consists of choosing a response corresponding to the smaller of the two
degrees in the premises with the eight arguments with at least one uncertain
premise (i.e. responses 5 or 7 in Table 2). The frequencies of this choice varied
from 33% to 50% among the four arguments with two uncertain premises
(arguments VP/VP, VP/NVP, NVP/VP, NVP/NVP), and also among the four
arguments with only one uncertain premise (arguments CNP, C/NVP, VP/C,
NVP/C). In the last case, the “min” response overlaps with what was called the
“repetition” response in Experiment 1. These frequencies differ significantly
when compared to chance (choosing randomly from among the nine options).
With binomial tests, the lowest one is borderline and the others are significant at
.001 level. For the two arguments having different degrees of uncertainty (VP/
NVP, NVP/VP), the frequency of the “max” response—choosing the higher of
the two degrees in the premises—was much lower than the frequency of the
opposite “min” response.

The results also reveal that there is a tendency to choose responses that are
lower in likelihood than the smallest one mentioned in the premises, or what I
will call “decrease from the 32 min” responses. Their sum varied from 22% to
42% within the four arguments with only one uncertain premise, and from 33%
to 47% across the four arguments having two uncertain premises.
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TABLE 2
Experiment 2

Degree of uncertainty in the major and minor premises

Consqt. of Major Premise C C C VP VP VP NVP NVP NVP
Minor Premise C VP NVP C VP NVP C VP NVP
Responses
1. Certainly false 1 5 1 1 7 2 4
2. Almost certainly false 2 5 1 3 3
3. Very improbable 1 4 1 5 5 6 7
4. Improbable 1 4 1 4 2 6 1
5. Not very probable 2 12 2 1 15 16 13 12
6. Probable 5 4 4 4 10 2 1 2 6
7. Very probable 3 18 17 18 3 1 3 1
8. Almost certainly true 2 5 2 6 2 1 3 1 1
9. Certainly true 26 4 3 5 1

Participants’ conclusions in response to the degree of uncertainty expressed in the major (topmost
row) and minor (second topmost row) premises of Modus Ponens arguments Experiment 2). C:
certain; VP: very probable; NVP: not very probable.  The “min” responses (choice of the attaching
the lower degree of uncertainty asserted in the premises to the conclusion) are underlined. N = 36.

Incidentally, it should be noted that within the pairs of arguments with
permuted degrees of uncertainty between premises (C/VP vs VP/C, C/NVP vs
NVP/C, VP/NVP vs NVP/VP), the two distributions of responses were very
similar, with the same mode and almost identical values for it. This fact is
incompatible with the interpretation of the “repetition” responses as resulting
from a simple matching between the modal chosen to evaluate the conclusion
and the modal asserted in the same clause of the major premise.

Additional analyses were made to investigate whether individuals presented a
consistent pattern of response across all arguments of a subset. First, within the
subset of four arguments with only one uncertain premise, six participants
showed a pattern of four “min” responses (this overlaps with the “repetition”
responses of Experiment 1).

Second, for the two arguments with a same degree of uncertainty in both
premises (VP/VP and NVP/NVP), four consistent patterns were considered,
“min”, “decrease from the min” (responses that indicate lower certainty than the
minimally certain modal in the premises), “increase from the max” (responses
that indicate higher certainty than the maximally certain modal in the premises),
and “extremism”, the last occuring when choosing a greater degree of likelihood
for the argument VP/VP, and a lesser one for NVP/NVP. They were respectively
9, 5, 0, and 4. The response patterns of the 18 other participants were mixed or
exhibited no obvious consistency.

Third, for the two arguments with different degrees of uncertainty (VP/NVP
and NVP/VP), five consistent patterns were considered, “min”, “max”,
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“decrease from the min”, “increase from the max”, and “compromise”, the last
occurring when a participant chooses an intermediate value between the two
mentioned in the premises (i.e. “probably”). They were respectively 7, 0, 10, 1,
and 0, but 18 patterns were mixed or without obvious consistency. Overall, 26
participants among 36 chose the “decrease from the min” response at least  once
across the four arguments with two uncertain premises.

Thus the lack of within-subject consistency at the local level of argument
compares favourably with the observed between-subjects tendencies. Most of
the participants seemed to constantly shift their decision criteria from one
argument to another. Things were worse if one considered some general
response rules defined over all the eight arguments with uncertainty. Several
general strategies, defined from the local response patterns previously
mentioned, have been considered. Three participants followed the “min”
strategy over all arguments. Another general strategy could be a “loose
probability” strategy, which considers that the effect of uncertainty combined
with uncertainty is a decreased degree of likelihood, but that the effect of
uncertainty combined with certainty is to maintain the mentioned uncertainty.
This would be a crude analogue, without numerical values, of the multiplicative
rule of the probability theory. It should result in a “min” pattern for the subset of
four arguments with one uncertain premise, and in a “decrease from the min”
pattern for the four arguments with two uncertain premises. No participant
presented this strategy across all responses. Other general strategies could have
been possible, but none was supported by the data.

Discussion

Several results should be emphasised. First, for each argument with one or two
uncertain premises, there was limited agreement among participants: the modal
“min” response was chosen by 33% to 50% of the participants, and the
alternative “decrease from the min” response by 22% to 47% of them. Second
there were no clear-cut differences in the frequencies of these two responses
between the two subgroups of arguments with one and two uncertain premises.
Third, the within-subject consistency was weak across subsets of similar
arguments, and still weaker across all eight arguments with uncertainty.

The lack of consistency of many participants may be ascribed to a conflict
between two response rules, “min” and “decrease from the min”. Nine
participants followed the first rule (“min”) and five followed the second
(decrease from the min”) for those arguments having equal degrees of
uncertainty (VP/VP and NVP/NVP). Five participants followed the “min” rule
and ten followed the “decrease from the min” rule for those arguments having
unequal degrees of uncertainty (VP/NVP, NVP/VP). But the first rule was used
consistently by only three participants across all eight relevant arguments. No
subject employed a “loose probability” strategy, consisting of using the
“decrease from the min” rule across the four arguments with two uncertain
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premises, and the “min” rule (which overlaps with what was called the
“repetition” rule in Experiment 1) across the four arguments with only one
uncertain premise.

Thus a majority of the participants can be credited with some intuition of the
multiplicative rule of the probability theory, as 72% of them used a crude ordinal
analogue of the “decrease from the 35 min” response, at least once across the
four arguments with two uncertain premises. But this intuition is not a strong
determiner here, because none of them used the rule consistently across
all these arguments. It would be appropriate to know whether or not the same
tendency is observed with the same kind of argument with an evoked instead of
an asserted uncertainty, or with other kinds of arguments such as categorical
syllogisms.

These results raise several questions. For instance: why is the “min” response
employed so often? This rule, which consists of choosing the lower of the two
degrees in arguments with two uncertain premises, can be considered as an
extension of the “repetition” rule. In both case, one chooses the lowest degree of
certainty among the two asserted. A related issue concerns the fluctuations
between the two identified response rules: did they result from two different
ways of representing uncertainty, or from two different computational
procedures? Another question concerns individuals with a “decrease from the
min” pattern: did they choose a degree of uncertainty randomly from among
those that were lower than the smaller in the premises, or did they choose a
particular degree according to some criterion? For instance, did they increase the
distance between the chosen degree and the smaller in the premises when
likelihood in the premises decreased, as both the probability calculus and the
data about the arguments NVP/NVP vs VP/VP would suggest? All these pieces
of evidence are required to further delimit the competence of individuals for
reasoning under uncertain premises, and to integrate the evidence into a
comprehensive theory of reasoning.

GENERAL DISCUSSION

One can list some components of individual competence for reasoning under
uncertain premises. First, since the seminal paper of Byrne (1989), several
studies have clearly established that numerous individuals consider that an
inferred conclusion cannot be a sure conclusion when one or both premises of an
argument are in doubt. Experiments 1 and 2 confirmed this result. Second, when
there is one uncertain premise and when an appropriate response format is used
that allows one to express varying degrees of conclusion-uncertainty, the
uncertainty assigned is linked to the premise uncertainty. Thus, not only is the
uncertainty of the premise transmitted to the conclusion, but its degree of
uncertainty is transmitted as well. Experiments 1 and 2 also confirmed this
result. Third, the strength of this link depends on the type of argument
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(Stevenson & Over, 1995, and Experiment 1) and to a lesser degree, on the
judgement about its validity as shown in Experiment 1. Fourth, when an
argument involves two uncertain premises whose uncertainty is expressed by a
modal, individuals take into account both uncertainties according to two
identifiable rules, albeit without consistency, as shown in Experiment 2. Fifth,
although individuals can express their uncertainties by numerical values
(Stevenson & Over, 1995), it is not yet clear whether they can combine
numerical values to quantify conclusion uncertainty, and if so, to what extent it
would conform to probability theory and other formalisms.

One reviewer cast doubt on these results by assuming that the tasks and the
materials could have been confusing to the participants. Although it is
impossible to assert that such a factor did not occur, this objection is not as  great
as might be thought for several reasons. First, misunderstandings should elicit
random responses, which was not the case: individual analyses show that people
were inconsistent by oscillating between two rules of responding and not by
responding randomly. The second reason is that those parts of the present
experiments that were similar to those found in previous studies gave similar
results (George, 1995; Stevenson & Over, 1995). The third reason is that at the
beginning of the experiments, participants were told to call for the experimenter
if they needed additional information; several did so, but only for questions
about the way to write down the responses in the booklet.

These empirical findings have theoretical implications. In particular, they
constitute a challenge for any comprehensive theory of reasoning because they
question its capacity to integrate uncertainty. As has recently been stated by
Stevenson and Over (1995, p. 638): “Present cognitive theories of reasoning are
seriously limited by not covering reasoning from uncertain premises”. The same
authors have considered this question in relation to two well-known theories of
deduction, the formal rules theory and the mental model theory. They
recognised that the first theory could be completed by additional rules but they
quickly dismissed it on semantic grounds, and they credited the second with
more promise because one can sketch proposals in order to extend it to plausible
and probabilistic reasoning. They considered two proposals, one from Johnson-
Laird (1994), the other of their own. A somewhat different evaluation of the
possible extension of these two theories shall be considered.

Proposals to extend the mental model theory would lead to some difficulties.
The first proposal, from Johnson-Laird (1994), consists of introducing several
cases in a mental model in order to represent the proportion inherent in a
probabilistic assertion. This entails the withdrawal of the notational convention
according to which each line in a diagram denotes a separate mental model (each
model always denotes a distinct state of affairs). For instance, the assertion “If
John goes fishing, then he (always) gets some trout” can be represented by an
initial explicit model with two cases in which each instance of fishing (F) is also
an instance of trout (T), plus an implicit model denoted by three dots:
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F T
F T
. . .

and the assertion “If John goes fishing, then he will probably get some trout” by
introducing one or several additional cases of fishing without a trout:

F T
F T
F

One can represent different probabilities of catching a fish by modifying the
number of cases in each state of affairs. In this presentation each alternative state
of affairs constitutes one model and each model may involve one, several, or an
infinity of cases (Johnson-Laird, 1994). When individuals respond differently to
five modalities of a premise, one with “always” and four with varying degrees of
frequency, as in the Stevenson and Over’s study, they should be able to build and
to discriminate models that differ by at least five different numbers of cases. In
the same way, the likelihood of a conclusion is evaluated by the proportion of
cases in which the conclusion is true in the aggregate model(s) of the two
premises.

This may quickly lead to difficulties in representing a single premise. Of
course the similarity between the suggested procedure and the availability
heuristic, which seems to be used commonly enough (Kahneman, Slovic, &
Tversky, 1982), may limit this objection. However, the complexity of an
inference would be greater because it was previously assumed that the greater
the number of necessary models, the harder it is to make an inference (Johnson-
Laird & Byrne, 1991). Inferences with uncertain premises should require at least
two models for the conclusion alone, because at least two alternative states of
affairs should be considered to compute a proportion, and the presence of
several cases per model should increase the computational complexity.

A second proposal, sketched by Stevenson and Over (1995), consists of
adding a weight to each model to represent its probability. This weight would be
represented by a new “propositional annotation”. Propositional annotations are
abstract symbols added to the models, and have already been used in the mental
model theory to represent negation or exhaustivity of one element (Johnson-
Laird & Byrne, 1991) or the “epistemic status” of a model (e.g. possibility,
counterfactual, obligation) (Johnson-Laird, 1994). The weights of the mental
models of the premises would determine the weight of the conclusion by some
non-specified rules.

Such a proposal would limit the previously mentioned difficulty of
multiplying the number of cases per model, but is it still within the scope of
mental model theory? The proliferation of “propositional annotations” involves
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a departure from the original core of the theory, because the relationship with
what they refer to is quite arbitrary, contrary to mental models whose key
property is that their structure corresponds to what they represent (Johnson-
Laird, 1994). Thus, inferences involving propositional annotations must be done
in ways other than by envisioning the content of the model(s). Furthermore, if
the weights are attached to the propositions corresponding to the premises
instead of the model(s), we obtain one possible extension of the formal rule
theory. Thus this proposal looks more like a compromise than like a pure
extension of the mental model theory.

On the other hand, it is clear that the formal rule theory in its present state is
not able to explain reasoning from uncertain premises. A very simple proposal
might be imagined to justify the “repetition” responses in experiments with one
uncertain premise. It consists of arguing that the scope of the uncertainty about
the conditional major premise is limited to its consequent, as in: “If the weather
is fine, then she will probably come”. In this case, it would be possible to argue
that Modus Ponens implies the detachment of the whole consequent, including
the modal. This would explain why the degree of uncertainty of the conclusion
corresponds to the modal in the major premise.

However this kind of answer is not appropriate in cases where the uncertainty
in the major premise has an overall scope, nor in cases where the uncertainty
concerns only the minor premise. Moreover it would not fully explain the results
of Experiment 2, where the modal of the minor premise may prevail on over the
modal of the major premise with “min” responses, or where the degree of
uncertainty of the conclusion ends up being quite different from any modal in
the premises as with “decrease the min” responses. Thus, it is necessary to
imagine various extensions of the formal rule theory in order to cover reasoning
from uncertain premises. It may well have some advantages, for instance that of
being rather economical in processing capacity or in being easily connected to
other approaches such as belief revision.

AI may be a good source of suggestions, but most of them have no
psychological plausibility. Until now, psychological proposals of extension have
been rare, very limited, or untested. The simplest one is to describe plausible
inferences observed in everyday reasoning by a few domain-independent rules
which assert only that the conclusion is likely to be true without evaluating how
likely (Collins, 1978). More complex proposals assume that propositions involve
at least one quantitative dimension, for instance their “degree of belief” or their
“strength”. This allows the proposal of rules for quantifying the probability of
the conclusion, but the models tested have a limited scope because they concern
very particular propositions and inferences (e.g. Collins & Michalski, 1989).

The rules should specify the types of arguments that are concerned and how
the uncertainty of their premises is combined to determine the uncertainty of the
conclusion. To have any plausibility, a theory should not assume that individuals
have a large deductive competence or computational ability. This prerequisite is
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satisfied by a theory from Sperber and Wilson (1986) which considers inferences
with the connectives “and”, “or”, and “if . . . then”, and uses very simple
principles to quantify the conclusion by the choice of the minimum or the
maximum uncertainty in the premises. It has not yet been tested, but its validity,
as well as the validity of other attempts, is jeopardised by the lack of within-
subject consistency observed in Experiment 2. The fluctuations between two or
more response rules constitute a big challenge to any theory.

Of course there are other approaches to a theory of reasoning than the
previous ones, in particular the neural net or connectionist models (e.g. Sloman,
1993). These would be well-adapted to uncertain reasoning because they rely on
stochastic processes. But one may be reluctant to adopt theories that are flexible
enough to simulate known phenomena, but generally unable to predict any new
ones.

At the present time, the choice between theoretical approaches for reasoning
under uncertainty depends more on the researcher’s assumptions than on
literature’s evidence, because none of them is sufficiently developed to cope
with all the available data. Moreover it is not certain that these approaches are
mutually exclusive, because an extension of the mental model theory may
include some kinds of general principles or rules, as recently recognised by
Johnson-Laird (1994), or because each of them applies to particular domains. In
any case, it is important to employ the experimental paradigm for studying
reasoning with uncertain premises and to gather more data. For instance, one
primary issue would be to know whether the observed fluctuations between two
response rules with two uncertain premises are specific to the conditional
arguments or are quite general.

It is quite possible that the three dimensions of uncertainty mentioned in the
introduction—locus, scope, and basis—may play an important role in some
cases. Some other factors may be implicated as well, for instance the thematic
content of the premises. In particular this content may remind people of other
pertinent knowledge possibly connected to the premises. In this case, people
might fully endorse a conclusion even when they think that a premise is
questionable or false because they know of other facts that support it (see a
discussion of this point in Evans & Over, 1996). In contrast, they may not
endorse the conclusion of an acknowledged valid argument where the premises
are endorsed because they know other facts that do not support it. Thus
knowledge that is external to a given argument may affect the transfer of the
believability of the premises to the conclusion.

In any case, the present conceptual approach may lead one to accept new ways
of conceiving arguments, for instance as structures involving a “confirming” or
a “supporting” relationship between the premises and the conclusion along with
an “entailing” or a “proving” relationship. This may also lead to new ways of
conceiving the acquisition of knowledge, for instance as a continuous process of
belief revision (Fagin, Halpern, & Vardi, 1984). Of course, all these issues lead
one to reconsider the relation between reasoning and standard logic (e.g. see
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Harman, 1986). For now, the present findings are useful for clarifying how a
typical reasoner treats representations of uncertainty and for helping one
conceive of a way to relate deduction and plausible reasoning.
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APPENDIX

First set of nine arguments of Experiment 2

Argument Certain/Certain (C/C):
If Bertrand is in the kitchen, then it is certain that Marie is in  the garden.
It is certain that Bertrand is in the kitchen.

Marie is in the garden.

Argument certain/very probable (C/VP):
If Pascal is in the bedroom, then it is certain that Elsa is in the bathroom.
It is very probable that Pascal is in the bedroom.

Elsa is in the bathroom.

Argument certain/not very probable (C/NVP):
If Daniel is in the attic, then it is certain that Valerie is in the lounge.
It is not very probable that Daniel is in the attic.

Valerie is in the lounge.

Argument very probable/certain (VP/C):
If Clara is at the post-office, then it is very probable that Julien is at the grocer’s.
It is certain that Clara is at the post-office.

Julien is at the grocer’s.

Argument not very probable/certain (NVP/C):
If Hélène is at the city hall, then it is not very probable that Gérard is in the bookshop.
It is certain that Hélène is at city hall.

Gérard is in the bookshop.
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Argument very probable/very probable (VPNP):
If Marcel is in the cellar, then it is very probable that Emilie is in the study.
It is very probable that Marcel is in the cellar.

Emilie is in the study.

Argument not very probable/not very probable (NVP/NVP):
If Thomas is in the storeroom, then it is not very probable that Natasha is on the veranda.
It is not very probable that Thomas is in the storeroom.

Natasha is on the veranda.

Argument very probable/not very probable (VP/NVP):
If Odile is at the florist’s, then it is very probable that Hubert is at the baker’s.
It is not very probable that Odile is at the florists.

Hubert is at the baker’s.

Argument not very probable/very probable (NVP/VP):
If Ninon is at the tax office; then it is not very probable that George is at the café.
It is very probable that Ninon is at the tax office.

George is at the café.




