
Abstract The mental model theory claims that the ability to falsify is at the
core of human rationality. We assume that cognitive conflicts (CCs) and socio-
cognitive conflicts (SCCs) induce falsification, and thus improve syllogistic
reasoning performance. Our first study assesses adults’ ability to reason in two
different conditions in a single experimental session. In both conditions the
participants are presented with conclusions alternative to their own. In the CC
condition they are told that these conclusions are casual, in the SCC condition
they are told they have been produced by another individual. The second
study is analogous to the first, with the exception that the participants deal
with the two conditions in two different experimental sessions. The overall
results reveal that falsification is enhanced by conflicts experienced at the
cognitive level. The results also reveal that learning to reason occurs in adults,
when tested in two distinct experimental periods.

Keywords Reasoning Æ Falsification Æ Socio-cognitive conflict Æ
Learning Æ Mental model theory

1 Introduction

A long and consolidated tradition, both philosophical and psychological,
identifies the heart of human rationality in the ability to draw deductively
valid inferences. The surprising finding is that people often fail in reasoning
tasks, while in everyday life, they prove to be able to reason efficiently. This
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contradiction was emphasized by Evans and Over (1996), who opened an
ongoing debate about human rationality and by Stanovich and West (2000).
The questions underlying the debate are: if humans are indeed rational, why
might they fail in inferring logically correct conclusions in reasoning tasks?

On one hand, non-logic approaches suggest that people are not rational and
that they are systematically biased by what catches their attention most in a
given situation, neglecting the ‘logically salient’ data (for a review, see Evans
1982).

On the other hand, there are scientists who strongly believe in human
rationality. Pragmatic rule theorists, for example, believe that people act
according to previous experience: this provides them with a set of domain-
dependent rules applicable to the current situation by analogy (Griggs 1983)
or with specific schemas for sets of situations (Cheng and Holyoak 1985).
However, pragmatic rules only seem to give a description or, at the best, a post
hoc explanation of human cognition. The processes which lead people to
succeed or fail in reasoning tasks appear to be out of their scope. Other
theorists propose that individuals use abstract rules of inference similar to
logic calculus (see Braine 1998; Rips 1994). These logical systems, when
correctly applied to the premises of an argument, lead to the normatively
correct conclusion. However, for these approaches it is not easy to explain the
errors people make in reasoning tasks.

The mental model theory provides a plausible answer to the question of
rationality (Johnson-Laird 1983; Johnson-Laird and Byrne 1991). According
to this theory, people can mentally construct models of a state of affairs and
manipulate such models in order to make inferences. According to this view,
people are rational in theory, in that they are able to falsify their own putative
conclusions, however they tend to fail in practice; they possess the basic
competence to be rational, but they fail in the executive phase when ratio-
nality must be put into action. Given a sufficiently long time, strong motiva-
tion and an efficient working memory, they would manage to reach valid
conclusions. The theory is able to predict and explain people’s performances
in all kinds of deduction, and in our opinion it is currently the best explanation
of human reasoning. However, we think our comprehension of reasoning by
models would benefit from a deeper investigation into the functioning of the
falsification process. Bucciarelli (2007) claims that cognitive conflicts (CCs)
and socio-cognitive conflicts (SCCs) favor learning to reason, as they make the
subject falsify. She grounds her assumption on the following findings.

First, Bruner et al. (1966) find evidence in favor of the claim that the main
mechanism of development is the conflict between different modalities of
representation; when two systems of representation do not correspond, the
child performs a clear-cut revision of his way of solving problems. Therefore,
in giving an account of the development of children’s ability to reason, they
introduce the term ‘conflict’. For example, a CC in the physical domain is a
discrepancy between a child’s expectations and an empirical outcome that
contradicts those expectations; the confrontation of a subject’s point of view
with contradictory visual feedback would constitute an example of this cate-
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gory (see, e.g., Levin et al. 1990). As regards the SCC, from a developmental
point of view, different theorists underline the importance of social interac-
tions in cognitive development, by claiming that the first stages of thinking
development are deeply social, since individual abilities become structured
thanks to interaction with others (see, e.g., Vygotskij 1978). Doise and Mugny
(1984) empirically found that the experience of the SCC assists children to
reach the correct solutions to certain problems. In particular, when working
alone, children at a certain stage in their development are unable to perform
certain tasks because they cannot decenter, i.e., they focus on certain aspects
of problems and exclude other, more important aspects; however, when ex-
posed to differing points of view with regard to such problems, the same
children find it easier to decenter. It follows that social interactions should
provide an obvious forum for the possibility of exchanging perspectives.

Studies on the SCC follow two main approaches (Druyan 2001): they either
focus on interactions between peers with different perspectives (see, e.g.,
Ames and Murray 1982; Druyan and Levin 1996; Perret-Clermont 1980), or
on interactions between individuals of different status, such as an adult (e.g., a
teacher) and a child, or an expert and a layman (see, e.g., Saljo and Wynd-
hamm 1990). In our study, we deal with SCCs of the first type, where a subject
is pressed to compare his/her perspective with that of another individual
having a comparable social status. ‘This need to verify one’s own perspective
in coordination with other perspectives structures the process of interpersonal
negotiations in ways that can promote cognitive growth’ (Bearison 1986, p
136). On the other hand, in interactions of the second type, knowledge is
imparted in a linear way, as one partner is the authority and the source of
correct knowledge, which must be conveyed to the partner.

In the literature, SCCs have mainly been used to induce children to solve
conservation tasks. Doise and Mugny (1984), for example, added social
interaction to a liquid conservation task by saying that two glasses of juice
were a prize for two equally good children, thus introducing the social norm
that the two children have the right to receive the same prize. The experi-
mental subjects, who at first did not realize that the two glasses contained the
same quantity of liquid, showed an understanding of the rules of conservation
thanks to the social context. Siegler (1995) also obtained improved perfor-
mance when asking the child to explain the point of view of the individual
giving the correct answer to a conservation task.

Consistent with the above-mentioned literature, and in line with Bucciarelli
(2007), we argue that humans’ ability to assume different points of view is
central to reasoning (also see Bucciarelli and Johnson-Laird 2001), and we
aim to study possible different effects of CCs and SCCs on the ability to
reason. Generally speaking, we assume that there is a strict relationship be-
tween mindreading and the falsification phase postulated by the model theory.
Indeed, mindreading presupposes the assumption of different points of view,
an ability which can be triggered by the experience of a conflict between one’s
own and other persons’ beliefs. Such an ability plays an important role in the
falsification phase of a reasoning process, during which temporarily aban-
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doning the conclusion that has been reached, in favor of a different one, is
crucial. Some evidence of the relationship between mindreading, falsification
and SCC is presented in the next paragraph.

2 Falsification, socio-cognitive conflict and mindreading

Experimental data reveal that the main difficulty people encounter in making
inferences from a given set of premises concerns the search for alternative
representations of the problem; in terms of the mental model theory, people
usually fail to falsify the conclusion deriving from the first model constructed.
In the falsification phase, reasoners search for alternative models that might
falsify the putative conclusion they previously reached. If there are no alter-
native models, then the putative conclusion is valid; otherwise, reasoners must
find a conclusion which includes all the models of the premises. According to
the mental model theory, people may fail to make inferences when they stop at
the putative conclusion and do not search for alternative models. In those
cases, if there are alternative models, the putative conclusion they reached
cannot be said to be valid, i.e., logically correct. Thus, failure to search for
alternative models might greatly affect reasoning with multiple-model prob-
lems. Indirect evidence that people tend not to falsify within the syllogistic
domain is that they perform better and faster in tasks requiring the construc-
tion of only one model than in tasks requiring two or more models (Bucciarelli
and Johnson-Laird 1999); moreover, invalid conclusions very often correspond
to those which can be inferred from the first model constructed (see Bara et al.
1995, 2001). Bucciarelli and Johnson-Laird (1999) also find that, when dealing
with syllogisms, individuals not trained in logic may search for alternative
models if forced to do so, though they are less likely to search for counterex-
amples if the task does not explicitly request them to do so. However, at least
within the domain of reasoning with non-standard quantifiers, Neth and
Johnson-Laird (1999) find that individuals seem to search for counterexamples
spontaneously. The participants in their study were presented with syllogistic
premises involving the non-standard quantifier «more than half»; each series of
premises was followed by a putative conclusion, and participants were asked if
the conclusion was valid or not. Most of the participants found counterexam-
ples to invalid inferences. The same authors admit, however, that the domain
they investigated could elicit the search for alternative models more than other
domains. All this considered, it would be interesting to find out which factors or
circumstances tend to elicit falsification.

Bucciarelli and Johnson-Laird (2001) argue that deontic materials make the
false instances of a rule more noticeable by making other people’s mental
states, such as beliefs and expectations, more noticeable. In particular, the
authors investigate the contexts that facilitate young children in a RAST
(Wason 1968). The task requires the reasoner to choose whether to inspect
potentially confirming or violating cases when testing a rule. An example of the
rules used to test a factual rule is ‘All the squeaky mice are in the house’, and an
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example of the rules used to test a deontic rule is ‘All the squeaky mice must
stay in the house’ (Cummins 1996: Experiment 2). In the experiment by
Bucciarelli and Johnson-Laird, 3-, 4- and 5-year-old children deal with factual
and deontic versions of the task, both in a context provided by the possibility of
a false belief (mental state protocol), and in the standard context where only
the deontic task invites reasoners to consider the others’ mental states (stan-
dard protocol). The results concerning the standard protocol show that 3-year-
olds perform better in the deontic version than in the factual version of the task
(also see Cummins 1996). However, the results concerning the mental state
protocol show no difference in performance by the three groups of children in
the factual and the deontic tasks. In line with the authors’ expectations, in this
protocol the deontic version has no advantage over the factual one, and this
result also holds for the youngest group of participants. This result is consistent
with the assumption that the need to take into account possible false beliefs of
others might induce a person to envisage the false instances of a rule easily.
Besides, this explanation is consistent with the facilitatory effect sorted by
deontic materials in the standard RAST. Bucciarelli and Johnson-Laird claim
that in their experiment they induced reasoners to use their mindreading
ability (see below) to conceive possible alternative realities. As Bucciarelli
(2007) claims, attributing beliefs to other agents may involve a SCC, which is
also involved in mindreading tasks in general.

Mindreading is the ability to (i) acknowledge that human beings possess
mental states, (ii) attribute mental states, such as beliefs and desires, to oneself
and to others, (iii) recognize that the mental states of others do not necessarily
correspond to one’s own, (iv) understand that mental states determine
external behavior, such as decisions and actions, (v) predict, describe and
explain behavior on the basis of such mental states (Premack and Woodruff
1978; Leslie 1987; Baron-Cohen 1994).

In line with Bucciarelli and Johnson-Laird (2001) and Bucciarelli (2007), we
believe that a crucial ability in falsification is the assumption of another
person’s point of view, which is part of our ability to mindread. The ability to
mindread enables us to understand that not everyone’s beliefs are the same
and that there are often other possibilities which one has not yet explored.
Since mindreading allows for the assumption of an alternative point of view, it
produces a SCC that might play a role in the ability to falsify one’s own
conclusion in reasoning tasks. Bucciarelli and Johnson-Laird (2001) find that
the need to take into account the other person’s point of view induces a person
to falsify in a testing hypothesis task. Our aim is to explore whether and how
the need to take into account the other person’s point of view induces a person
to falsify in a deductive reasoning task.

We used the mental model theory as our framework; thus, we assume that
reasoning involves the construction and manipulation of the mental models of
the premises, and that incorrect conclusions are mostly due to the fact that
people tend to accept the first model constructed without attempting to falsify
it. Table 1 exemplifies the phases involved in reasoning through models with
both one-model and multiple-model valid and invalid syllogisms.
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In the construction phase, each linguistic premise is translated into an
analogical representation, i.e., a mental model. In the integration phase all the
models of the premises are integrated into a single mental model by over-
lapping their identical ‘tokens’. In the conclusion phase reasoners extract the
relevant information from the model produced in the integration phase and
formulate a putative conclusion. In the falsification phase, reasoners [should]
attempt to falsify the putative conclusion by searching for alternative inte-
grated models which are inconsistent with the conclusion: if the search fails,
then the original conclusion is valid; if the search is successful, the reasoner
formulates a new conclusion which is consistent with all the models produced;
if it is impossible to formulate a conclusion, the reasoner claims that there is
‘no valid conclusion’ (nvc).

Contrary to the assumptions of model theory, some studies support the
claim that people do not normally search for counterexamples at all in syl-
logistic reasoning (see, e.g., Klauer et al. 2000; Newstead et al. 1999). Evans
et al. (1999), for example, investigate the predictions of model theory for
syllogisms in evaluation tasks. In their study, participants are asked to eval-
uate whether a given conclusion is necessary and, in addition, to state whether
that conclusion is possible. The results confirm three main predictions based
on the mental model theory. However, they also reveal an unexpected effect:
two sorts of problems supporting possible conclusions. Some (retrospectively
identified as ‘possible strong’) are regularly taken to imply necessary con-
clusions, whereas others (retrospectively identified as ‘possible weak’) are

Table 1 The mental processes involved in reasoning with ‘All A are B. All B are C’ (one-model
syllogism) and ‘Some A are B. No B are C’ (multiple-model syllogism)

Phases Construction Integration Conclusion Falsification

One-model
First premise
All artists

are bandits
[a] b [a] [b] c All artists

are chefs
No alternative
model of the
premises falsifies
the conclusion

[a] b [a] [b] c

Second premise
All bandits

are chefs
[b] c
[b] c

Multiple-model
First premise
Some artists

are bandits
a [b]
a

[b]
Second premise
No bandits

are chefs
[b] –c a [b] –c No artists

are chefs
a [c]

[b] –c a a [b] –c
[c] [b] –c [b] –c
[c] [c] a [c]

[c] Some artists are
not chefs
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rarely taken to imply necessary conclusions and indeed are often not even
taken to imply possible conclusions. The authors suggest that this phenome-
non can be interpreted by assuming that in evaluation tasks individuals only
tend to consider a single model, and possible strong conclusions are those
supported by the first model that occurs in their mind. On the basis of this
hypothesis, people are willing to endorse any conclusion supported by the first
model of the premise they have thought of. Thus, the authors conclude, fal-
sification plays no role in reasoning with syllogisms in evaluation tasks.

The idea that in evaluation tasks people construct a single model of the
premises constitutes the core of the Selective Processing Model of belief bias,
a revised version of the mental model theory for syllogistic reasoning in
evaluation tasks, proposed by Evans et al. (2001) in a subsequent study. The
Selective Processing Model acknowledges that the conclusion to be evaluated
has a profound influence on the evaluation process: when the conclusion is
believable or neutral, reasoners attempt to construct a model that supports it;
when the conclusion is unbelievable, they attempt to construct a model that
refutes it. The use of falsification in evaluation tasks is still a matter of debate
(C. Becchio et al. , unpublished data, obtained experimental results that
support the claim that falsification plays a relevant role in both evaluation and
production tasks). In our opinion, much depends on the experimental pro-
cedures adopted. The tasks we used in the experiments presented here are not
simple evaluation tasks: participants are first asked to produce their own
conclusion and then to revise their reasoning process comparing another
conclusion with their own. By asking for a comparison between two different
conclusions, we aim to force reasoners to falsify the conclusion they sponta-
neously produced.

Experiments 1 and 2 investigate the role of CC and SCC in syllogistic
reasoning. Experiment 2 is a replication of Experiment 1, with the only dif-
ference that the second experimental session occurs 1 week after the first,
rather than following on immediately. The rationale for this procedure is that
the results of the first experiment were not in line with the literature on
reasoning, according to which individuals develop strategies to deal more
efficiently with deductive problems, both within the same experimental ses-
sion and between consecutive sessions (see, for a review, Schaeken et al.
2000). As strategies are thought processes that, besides being systematic, goal
directed and under explicit conscious control, are elaborated in time (Evans
2000), in the second experiment we investigated whether a time lag of 1 week
improved individuals’ performance in the second experimental session com-
pared to the first.

3 Experiment 1

In the present experiment participants deal with syllogisms; for each syllogism,
once the participant has stated her own conclusion the experimenter presents
an alternative conclusion (the correct one if the participant’s conclusion is
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incorrect, an incorrect one if the participant’s conclusion is correct). The
participant is then asked to choose the best of the two conclusions. Each
participant is tested on two protocols: in the CC protocol the experimenter
states that each alternative conclusion is drawn by lot; in the SCC protocol the
experimenter states that each alternative conclusion has been reached by
another participant. Note that, in the SCC protocol, we told the participant
that the conclusion had been produced by ‘another participant’ in order to
underline that there was no difference in the social status/authority between
the participant and the other person who produced the alternative answer. We
proceeded in this way because we wanted to avoid the effects of authority.
The core assumption underlying our experiments is that CC and SCC induce
reasoners to revise their way of solving a problem, thus favoring an
improvement in their reasoning performance.

The strategy for the revision process varies depending on the individual’s
cognitive resources, and the context within which reasoning occurs, i.e., CC or
SCC. In particular, we expect adults to have the cognitive resources necessary
to attempt a falsification of their conclusion. We distinguish between two sorts
of possible falsification strategies: falsifying one’s own and falsifying another
person’s. The falsifying one’s own strategy implies the search for counterex-
amples to one’s own conclusion, without taking the alternative conclusion into
account, i.e., it is limited to the model previously constructed by the partici-
pant. The falsifying another person’s strategy involves considering both one’s
own conclusion and the alternative conclusion. The strategy involves mapping
the model that supports the putative conclusion into the model that supports
the alternative conclusion, taking into account the premises of the syllogism.
Consider, for example, the multiple-model syllogism in Table 1: ‘Some artists
are bandits. No bandits are chefs’. According to our proposal, the strategy
falsifying another person’s conclusion operates as follows. Assume that a
participant constructs the model:

and produces the (incorrect) conclusion ‘No artists are chefs’. In our experi-
ment, the participant would be presented with the alternative (correct) con-
clusion ‘Some artists are not chefs’. Following the strategy, reasoners may
proceed in one of the following ways. One consists of manipulating the ori-
ginal model to check whether the alternative conclusion also holds in such a
model. Alternatively, reasoners attempt to construct a new model of the
premises where the alternative conclusion holds, and then check whether this
can also support their previous conclusion. In both cases, the strategy requires
the reasoner to consider two integrated models of the premises, and to map
one model into the other. Once the differences between the two models have

a [b] –c
a [b] –c

[c]
[c]
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been detected, the participant evaluates which conclusion, if any, they actually
support. The crucial test for this prediction are multiple-model syllogisms, for
which falsification is most relevant.

In our view, the use of falsifying another person’s conclusion strategy is not
plausible in the CC protocol, as it is not worth spending time and effort when
the alternative conclusion is drawn by lot; instead of engaging in a difficult
mapping process, participants will opt for simply revising their own conclusion
(falsifying one’s own strategy). On the contrary, in the SCC protocol, the fact
that the reasoner is presented with a conclusion different to his/her own, one
which has been drawn by another agent, can be a good way of motivating him/
her to spend more time and to make a cognitive effort. Thus, we expect the
CC protocol to induce the falsifying one’s own strategy, and the SCC protocol
to induce the falsifying another person’s strategy.

To sum up, we hypothesize that adults follow the ‘falsifying one’s own’
strategy in the CC protocol and the ‘falsifying another person’s’ strategy in the
SCC protocol; thus, in the CC protocol they do not take into account the
alternative that is given, while in the SCC protocol they do. If we are correct,
then we should see a bigger improvement in individuals’ performance in the
SCC protocol than in the CC one.

3.1 Method

3.1.1 Participants

We tested a sample of 20 adults (age 20–28). They were students of Psy-
chology at Turin University. All of them took part in the experiment volun-
tarily and none of them had attended any courses in logic. All participants
were female.

3.1.2 Design

We devised two protocols: the CC protocol and the SCC protocol. Each
participant dealt with both protocols.

3.1.3 Materials

For each protocol we used 20 syllogisms (5 one-model; 15 multi-model). The
syllogisms in the two protocols were the same but with different contents. All
contents were as neutral as possible with respect to participants’ beliefs. Here
is an example: ‘All wine-tasters are geometers. Some geometers are runners’.

In particular, for each protocol we used the following materials:

– twenty separate sheets of paper, each reporting a couple of premises, i.e., a
syllogism;

– twenty separate sheets of paper, each reporting the valid conclusion for
each syllogism;
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– fifteen separate sheets of paper, each reporting an invalid conclusion for
each of the multi-model syllogisms. In particular, for each multi-syllogism,
of the invalid conclusions predicted by the mental model theory, we chose
the one given by the majority of participants in the study by Bara et al.
(1995). For one-model syllogisms—that require the construction of a single
model and for which the model theory only predicts the correct conclu-
sions—the experimenter presented the correct conclusion in any case (thus,
one-model syllogisms cannot be considered proper control problems with
respect to multiple-model syllogisms);

– a sheet of paper reporting all the possible types of conclusions: all...are;
some...are; no...are; some...are not; nvc.

– two boxes

3.1.4 Procedure

The participants were tested individually in a quiet room, in a single session.
Half of the participants dealt with the CC protocol first, then with the SCC
protocol, vice versa for the other half. The syllogisms were presented in two
different balanced orders. Participants were invited to think aloud.

Warm-up: In the warm-up participants were presented with two relational
non-spatial tasks, such as ‘Albert is taller than Mary; Mary is taller than John;
what, if anything, follows?’ and ‘Juliet is richer than Luke; Charles is richer
than Luke; what, if anything, follows?’. The participants were told to link the
two terms, recurring only once in the premises, in order to reach a conclusion.
The second problem was used to show that some problems have nvc. The
experimenter then explained to the participant that the following problems
would be a little different and that the conclusions could be of one of the
following types (the experimenter showed the participant the sheet of paper
reporting all the possible types of conclusions): all...are; some...are; no...are;
some...are not; nvc.

CC protocol: The participant was presented with each pair of premises and
asked to reach a conclusion. After she had reached her own conclusion, the
experimenter wrote it down on a piece of paper visible to the participant, and
then presented an alternative conclusion, introduced by the formula ‘The
conclusion we casually paired with this problem is...‘. In actual fact, if the
participant reached an invalid conclusion, then the experimenter presented
the valid conclusion; vice versa, if the participant reached the valid conclusion,
then the experimenter presented the invalid conclusion predicted by the
mental model theory. The experimenter then asked the participant if she
would exchange her own conclusion for the alternative that had been pre-
sented.

SCC protocol: The procedure was the same as in the CC protocol but the
alternative conclusion was introduced by the formula ‘The conclusion a pre-
vious experimental participant gave to this problem is...’.
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3.1.5 Scoring

We assigned two different scores: Conc1 is the score for the first conclusion
reached by the participant: 1 for the correct conclusion, 0 for the incorrect
conclusion; Conc2 is the score for the participant’s final conclusion: 1 if it is
correct, 0 if it is incorrect. Thus, for example, if the participant drew a valid
conclusion and chose to keep that conclusion after being presented with the
alternative, she scored 1 for Conc1 and 1 for Conc2. If the participant drew an
invalid conclusion and then preferred the alternative conclusion (which in the
specific case is valid), she scored 0 for Conc1, and 1 for Conc2. Thus, we only
considered that an improvement in performance occurred in the latter case.

3.1.6 Predictions

Improvement from first to second conclusion: We expected an improvement
in participants’ performance from the first to the second conclusion on multi-
model syllogisms, due to the occurrence of a conflict at the cognitive level. We
expected this to concern both the CC and the SCC protocol.

Improvement in CC as compared with improvement in SCC protocol: For
multi-model syllogisms the facilitating effect of being presented with an
alternative conclusion is greater in the SCC protocol than in the CC protocol.
Indeed, the SCC protocol, which involves a SCC, was expected to elicit the
falsifying another persons’ strategy.

3.2 Results

The results are shown in Tables 2 and 3.
The order in which the two protocols were presented did not affect par-

ticipants’ performance, either in the CC protocol (65% of correct responses by
participants dealing with the CC protocol in the first session vs. 66% of correct
responses by those dealing with the CC protocol in the second session; t-test
for unpaired samples: t = –0.199, p = 0.844), or in the SCC protocol (62% vs.
70% of correct responses; t = –1.379, p = 0.185); thus, the data were pooled
together.

As expected, there was a statistically significant improvement in perfor-
mance at the second conclusion level compared to the first conclusion level
with multi-model syllogisms, both in the CC protocol (43% vs. 57% of correct
responses, t = 4.803, p < 0.0001) and in the SCC protocol (49% vs. 60%,

Table 2 Percentage of correct responses with multiple-model syllogisms in CC and SCC protocols
in Experiment 1

Syllogisms CC protocol SCC protocol

First conclusion Second conclusion First conclusion Second conclusion

MM 43 57 49 60
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t = 3.611, p = 0.002). Also with one-model syllogisms, there was a statistically
significant improvement in performance at the second conclusion level com-
pared to that at the first conclusion level both in the CC (88% vs. 92%,
t = 2.179, p = 0.042), and in the SCC (84% vs. 90%, t = 2.854, p = 0.010).

In order to test whether the increase in performance at the second con-
clusion level compared to that at the first conclusion level was greater in the
SCC protocol than in the CC one, we computed an ‘increase variable’ (the
difference between performance at the second conclusion level and that at the
first conclusion level) for each protocol. Contrary to our expectations, for
multi-model syllogisms, the comparison between the two increase variables
indicated that the improvement was no greater in the SCC protocol than in the
CC one (t = 0.611, p = 0.548). Also, with one-model syllogisms the increase in
performance at the second conclusion level compared to that at the first
conclusion level was no greater in the SCC protocol than in the CC one
(t = 1.748, p = 0.097).

A content and statistical analysis of participants’ comments, produced while
solving the tasks, is not possible as such comments are too few. However,
think-aloud protocols suggest the use of mental models in reasoning (see also
Bucciarelli and Johnson-Laird 1999).

Some individuals seemingly construct mental images representing sets for
the entities mentioned in the premises, often through the use of circles, similar
to those of Euler. Here is a typical protocol. The premises of the syllogism
were: All painters are tennis players; Some painters are photographers. P1
said: ‘I imagine an element which indicates a category...in this case a painter
with his palette, and I create a set where each painter also has a tennis racket.
Then...as I have to divide the group, the painters become two...one of them
has a camera and the other one has not...‘. While saying that, P1 drew circles
with her hands and made other circles inside these. Most participants de-
scribed their reasoning in similar terms.

Some participants appeared to change their strategies during the experi-
ment. As this paper focuses on the revision strategies adopted when faced
with a CC vs. an SCC alternative, we will now report some participants’
comments with respect to the differences between the two protocols. Partic-
ipants’ comments, made at the end of the experiment, seem to confirm
both our assumptions about the facilitating effect of the presentation of an

Table 3 Percentage of responses with multiple-model syllogisms in Experiment 1 as a function of
the four possible patterns of performances (i.e., both first and second conclusion correct, first
conclusion correct and second conclusion incorrect, first conclusion incorrect and second
conclusion correct, both first and second conclusion incorrect) and the type of protocol

Correct_1 and
correct_2

Correct_1 and
incorrect_2

Incorrect_1 and
correct_2

Incorrect_1 and
incorrect_2

CC
protocol

SCC
protocol

CC
protocol

SCC
protocol

CC
protocol

SCC
protocol

CC
protocol

SCC
protocol

40 44 3 5 17 16 40 35
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alternative conclusion and our assumptions about the strategies used during
revision. As far as the general improvement in performance after the pre-
sentation of the alternative is concerned, in both protocols some participants
made considerations of the following sort: ‘When I have to evaluate the
alternative conclusion, I feel I am able to concentrate more. The alternative
pushes me to reason better’. As far as the differences in the revision strategies
used in the two protocols are concerned, it seems that, when presented with a
CC alternative, participants tend not to consider the alternative in their
revision; on the contrary, they compare their reasoning with that of the ‘other
person’s’ in the SCC protocol. Consider for example the following comments:
‘...I wanted to understand how she (the other person) reached that answer,
and so I checked which conclusion (mine or hers) was more correct... When
the alternative was drawn by lot I thought less and I only changed if my
reasoning was not convincing’ (P13), and ‘When the alternative was CC, I felt
I was less in discussion’ (P15).

3.3 Conclusions

The results of the experiment reveal that the presentation of an alternative
conclusion improves participants’ performance.

An unexpected result concerns the improvement in adults’ performance at
the second conclusion level compared to that at the first conclusion level when
dealing with one-model syllogisms. One-model syllogisms are quite easy to
solve even for 9-year-olds (see Bara et al. 1995), therefore we did not expect
to detect any improvement. As a matter of fact, adults’ performance with one-
model syllogisms did not reach a ceiling effect at the first conclusion level, and
both CC and SCC improved their performance at the second conclusion level.
However, it has to be noticed that for one-model syllogisms participants were
always presented with a correct conclusion.

The results of our first experiment, where participants dealt with the two
protocols in a single session, did not reveal a learning effect from the first
experimental protocol to the second experimental protocol. These results
seem to contradict the literature on reasoning, according to which individuals
develop strategies to deal more efficiently with deductive problems trial after
trial. However, many studies have documented that learning improves more
when there is a lag between one study trial for a particular item and the next
study trial for that item (see, for example, Dempster 1996). In particular, the
studies on the effects of time on the reiteration of new information concern
the learning of declarative knowledge, rather than of procedural knowledge.
Ebbinghaus (1985), cited in Schacter (1989), noticed that the distribution of
the study sessions in time influences the consolidation of information in the
long-term memory. Bahrick and Phelps (1987) observed that individuals tend
to remember information longer when they acquire such information through
distributed practice (i.e., several sessions spaced in time), rather than through
massed practice (i.e., sessions accumulated in a single period): the longer the
learning periods are spaced, the better individuals retain the information. In
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an in-depth study of the spacing effect, i.e., spaced learning, Glenberg (1977,
1979) found that it is associated with the process through which memories are
consolidated in the long-term memory (also see Leicht and Overton 1987).
The aim of our second experiment was to see whether a learning effect occurs
when individuals are invited to deal with the two protocols in two different
experimental sessions, the second experimental session occurring 1 week after
the first. Thus, in Experiment 2, we arbitrarily choose to introduce a temporal
interval of 1 week between the two experimental sessions. The aim is to verify
whether a spacing effect occurs in case of learning to reason, which is a case of
learning of procedural knowledge.

4 Experiment 2

In Experiment 2 we aimed to verify whether the results in Experiment 1 hold
when adult participants deal with the two protocols in two different experi-
mental sessions. The general predictions were the same as those for Experi-
ment 1.

4.1 Method

4.1.1 Participants

We tested a sample of 20 adults (age 20–28). They were all female students of
Psychology at Turin University, and took part in the experiment voluntarily.
Participants had not attended any courses in logic.

4.1.2 Design, materials, procedure and scoring

The same as Experiment 1 with the only difference that the experiment was
performed in two sessions, the second session occurring 1 week after the first.
Half of the participants dealt with the CC protocol in the first session and with
the SCC protocol in the second session, vice versa for the other half of the
participants.

4.2 Results

A session effect emerged: the order of presentation of the two protocols
affected participants’ performance in the CC protocol (66% of correct re-
sponses for participants dealing with the CC protocol in the first session vs.
79% of correct responses for those dealing with the CC protocol in the second
session; t-test for unpaired samples: t = –2.626, p = 0.017), but not in the SCC
protocol (76% vs. 72% of correct responses; t = 0.896, p = 0.382).

The presence of this session effect prevents us from pooling the data and,
consequently, from computing the statistics for the comparison between the
CC and SCC protocols. However, we can analyze the predicted improvement
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from the first to the second conclusion level. The detailed results are in
Tables 4 and 5.

As expected, there is a statistically significant improvement in performance
at the second conclusion level compared to the first conclusion level for multi-
model syllogisms, in both the CC and SCC protocols. In particular, we found a
significant improvement with multi-model syllogisms when participants dealt
with the CC protocol in the first session (41% vs. 51% of correct responses,
t = 3.676, p < 0.003), and when they dealt with the CC protocol in the second
session (60% vs. 67.5% of correct responses, t = 2.246, p < 0.03). We also
found a significant improvement for multi-model syllogisms when participants
dealt with the SCC protocol in the first session (53% vs. 68% of correct re-
sponses, t = 3.705, p < 0.003), but not when they dealt with the SCC protocol in
the second session (45% vs. 53% of correct responses, t = 3.179, p = 0.055).

As expected, there was no improvement from the first to the second con-
clusion level for one-model syllogisms: this result holds for all conditions (CC
protocol in first session: 90% vs. 96% of correct responses, t = 1.964,
p = 0.081; CC protocol in second session: 98% vs. 100% of correct responses,
t = 1.000, p = 0.343; SCC protocol in first session: 98% of correct responses
both at the first and second conclusion levels; SCC protocol in second session:
98% vs. 100% of correct responses, t = 1.000, p = 0.343).

4.3 Conclusions

The adults participating in our second experiment performed better in the
second session than in the first. This result suggests that learning occurred and

Table 4 Percentage of correct responses with multiple-model syllogisms in CC and SCC protocols
(when participants dealt with them both in the first and second session) in Experiment 2

Protocols’ order
of presentation

CC protocol SCC protocol

First conclusion Second conclusion First conclusion Secnd conclusion

CC1st SCC2nd 41 51 45 53
SCC1st CC2nd 60 67.5 53 68

Table 5 Percentage of responses with multiple-model syllogisms in Experiment 2 as a function of
the four possible patterns of performances (i.e. both first and second conclusion correct, first
conclusion correct and second conclusion incorrect, first conclusion incorrect and second
conclusion correct, both first and second conclusion incorrect) and the type of protocol

Correct_1 and
correct_2

Correct_1 and
incorrect_2

Incorrect_1 and
correct_2

Incorrect_1 and
incorrect_2

Protocols’ order
of presentation

CC
protocol

SCC
protocol

CC
protocol

SCC
protocol

CC
protocol

SCC
protocol

CC
protocol

SCC
protocol

CC1st SCC2nd 36 42 5 3 14 12 45 43
SCC1st CC2nd 57 47 3 6 11 21 29 26
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that its effects become stable and detectable after 1 week. Thus, at least for
adults, conflicts experienced at the cognitive level improve reasoning abilities
provided that individuals are subject to a non-massed practice. Indeed, the
learning effect, as detected through an improvement in performance from the
first to the second experimental session, did not emerge in the first experi-
ment.

A related finding is that the hypothesis concerning an improvement in
performance after the presentation of an alternative conclusion is not fully
confirmed. In particular, in both the CC and the SCC protocols we found a
significant improvement with multi-model syllogisms in all sessions, an
exception being the SCC protocol in the second session: evidently, the optimal
learning process (to learn to falsify) consists of encountering first the alter-
native conclusion in an SCC context, then encountering the alternative con-
clusion in the CC context.

5 Discussion

When considered on the whole, the results of our experiments suggest that
there is a relationship between conflicts experienced at the cognitive level and
the ability to solve reasoning problems involving alternative representations.
In particular, CC appears to play a role in improving deductive reasoning
processes. Also, as regards SCC, the results suggest a relationship between the
ability to read other people’s mental states and the ability to reason. In the
literature there are few studies on the effect of SCCs in adults, and they are
mainly concerned with inductive reasoning (see Legrenzi et al. 1991; Butera
et al. 2005). Our results are more general in that they reveal an effect of CC,
along with an effect of SCC, in reasoning with a deductive task.

It can be argued that dealing with two conclusions reduces the probability
of error or, also, that changes from correct to incorrect conclusions are less
probable than those from incorrect to correct conclusions. Indeed, partici-
pants who spontaneously produced the correct conclusion probably have a
more stable opinion than participants who initially produced an incorrect
conclusion; people tend to endorse ‘possible’ conclusions, i.e., conclusions
which are compatible with at least one model of the premises, and to refuse
‘impossible’ conclusions, i.e., conclusions which are incompatible with the
premises (Evans et al. 1999). Thus, if our incorrect alternative conclusions
were impossible conclusions, then the critique would hold. However, this was
not the case: our alternative incorrect conclusions were possible, but not
necessary conclusions selected from among those produced by the majority of
people in previous experiments (Bara et al. 1995). Besides, on the other hand,
there is evidence that, when erring, people tend to produce possible conclu-
sions; thus, when faced with an alternative correct conclusion, participants
again have to choose between two possible conclusions. These specifications
are important to exclude that the improvements we found are due to the
experimental procedure we adopted.

16 K. Sacco, M. Bucciarelli

123



Another important issue concerns the way in which the effects of CCs and
SCCs interact in promoting the ability to reason. The results of Experiment 2,
where adults improve their performance when presented with the SCC pro-
tocol in the first session and with the CC in the second session, though not vice
versa, would suggest that dealing with SCCs teaches us to appreciate and
consider purely CCs. This can be accommodated by theories stating the
importance of the kind of conclusion presented; for instance, in terms of the
Selective Processing Model, which predicts the acceptance of believable
conclusions and the rejection of unbelievable ones, it can be said that
encountering of a believable alternative (SCC) leads to appreciate a simple
alternative (pure CC). Moreover, our results indicate that such a learning
effect occurs when participants go through a distributed practice of reasoning
with syllogisms, rather than through a massed practice. This result is in line
with the literature concerning the best way to organize time in order to learn
efficiently.

As a general consideration, in this study we contravened the principle
according to which one of the goals of cognitive science is to divide the mind
into a number of different cognitive systems (Lyons 1999). Indeed, by
exploring the relationships between reasoning and the SCC involved in
mindreading, we intended to demonstrate that the study of deductive com-
petence can benefit if it is accompanied by the study of other abilities with
which it constitutes what is usually referred to as ‘rationality’. The mental
model theory is currently the best explanation of human deductive compe-
tence, though we believe it should be extended and take into account the role
played by SCC, since deductive reasoning also develops within social contexts.
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