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ABSTRACT: Two modes of reasoning are used by humans — the ‘theoretical’ (formal) and
the ‘empirical’ (non-formal), the first operating with inside-the-syllogism information, the
second utilising out-of-the-syllogism information. Cross-cultural research (since Lévy-Bruhl,
and especially after Luria) and developmental research (since Piaget) discovered respectively
that members of ‘traditional’ societies and children up to a certain age are able to operate
only in the empirical mode. The paper brings together diverse discussions about usage of
these modes in actual discourse (Ennis, Johnson-Laird, Moore, Olson, Ong, etc.). It con-
centrates on contradictory opinions as to whether contemporary individuals after they acquire
the forma mode preserve and utilise the empirical mode. In this connection it discusses
results of neurological experiments investigating performance in solving syllogisms under
conditions of transitory suppression of the left or the right hemisphere (Deglin et al.) which
demonstrated that one and the same person, depending on which hemisphere is suppressed,
uses both strategies. The activated right hemisphere utilizes the ‘empirical’ pattern, the
activated left hemisphere utilizes the ‘logical’ pattern. Thus both mechanisms of reasoning
are present in the brain simultaneously, but each of them is controlled by different
hemispheres.
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1. INTRODUCTION

This paper addresses the discussion in various disciplines about two dif-
ferent patterns of reasoning and discusses the contribution of neurological
research to this debate.

Human beings use two contrasting patterns of reasoning, often called
the ‘empirical’ (‘pre-logical’, ‘traditional’) mode and the ‘theoretical’
(‘logical’, ‘formal’) mode. The contrast between these two modes is most
marked in discourse when the demands of logical patterns contradict either
common-sense attitudes or the ability to establish the reliability of premises.
Thus, the following syllogism (Scribner, 1976, p. 485):

(D) All people who own houses pay house tax. Boima does not pay
a house tax. Does he own a house?

'k‘w Argumentation 15: 117-134, 2001.
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can have in actual discourse two different answers (1.1.a) and (1.1.b). The
first exemplifies the theoretical mode of reasoning, and is assumed to be
the correct one, the second exemplifies the empirical mode:

(1.1) a No, he does not.
b. Yes, he has a house. With possible elaboration: But he does not
pay the tax, because he has no money.

In discourse, referring to the situation described in the cited syllogism, it
is the ‘incorrect’ traditional pattern of reasoning, and not the logical one,
that is correct.

According to cross-cultural and educational studies, peoplein pre-literate
cultures invariably respond empirically to such questions; in fact, they seem
unable to comprehend a request to say what follows from a set of premises
when they do not have first-hand knowledge that they are true. Pre-school
and very early school-age children in all cultures likewise respond empir-
ically, according to educational and developmental studies.

These findings have prompted a number of questions. What causes the
transition from the pre-logical to the logical mode? Is it an ontogenetic
development, or isit culturally conditioned? If the latter, is the determining
factor literacy alone, or a specific kind of schooling? When children (or
pre-literate adults) acquire the logical mode, do they still use the pre-logical
mode? How is the ability to use these modes grounded in the mind/brain?
In particular, what contribution does each hemisphere of the brain make
to each mode?

In what follows | aim to synthesize the results of twentieth century
research into these patterns of reasoning. In particular, | will describe some
unique but little known neurological research which sheds light on the con-
troversies concerning the issue whether the empirical mode remains a part
of the discursive repertoire of adults in literate European-type civiliza-
tions with already developed ability to utilise the theoretical mode. (The
issue is known as ‘thought heterogeneity.’) This neurological research
demonstrates that each of the modes is represented in the brain of one and
the same individual, and that the empirical mode is located in the right
hemisphere of right-handed people, whereas the logical mode is located in
the left hemisphere.

2. DEVELOPMENTAL RESEARCH

Piaget (Piaget, 1954, 1964, 1971; Piaget and Inhelder, 1951) proposed a
hypothesis of stages of cognitive development, and asked at which stage
formal operations appear. Piaget claimed that they appear at a later, fourth
stage (which starts to form itself about 11-12 years and becomes ‘sys-
tematically organised’ about 15, but the age depends on the subject’s envi-
ronment), when inter-propositional and intra-propositional connections are
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acquired, and that they involve abilities of two types — to deal with the
inner structure of a proposition and to understand causal, inferential and
other connections between propositions. Piaget and his followers (Green,
1971; Piattelli-Palmarini, 1979) rejected Chomsky’s * predetermination’
position of the inborn nature of cognitive stages, including reasoning
abilities, claiming that logical structures ‘are constructed gradually in con-
nection with language and, above all, in connection with social exchange’
(Piaget, 1980/1964, p. 120). Thus, Piaget claimed that at a certain age
children develop an ability to engage in hypothetico-deductive reasoning,
and consequently to use formal logic, but he pointed out repeatedly, espe-
cialy in the development of his theory of equilibration, that this develop-
ment is dependent on the interaction of many factors, including the social
environment.

3. CROSS-CULTURAL RESEARCH

Independently of such developmental studies, the special role of the social
dimension in the development of formal reasoning came to be discovered
in cross-cultural studies. Starting with Lévy-Bruhl, 1923, and later strongly
supported by Lévi-Strauss, 1966, these studies argued from observation
that the mode of thinking in a‘primitive’ society follows its own laws and
differs from that of an ‘advanced’ society. Lévy-Bruhl called this mode
‘prelogical’, as opposed to the advanced ‘logical’ mode. As was pointed
out later by Luria (1976, p. 7), Lévy-Bruhl was the first to state that
there were qualitative differences in the primitive way of thinking and
to propose to treat logical processes as the product of sociohistorical
development.*

The first experiment in checking differences in patterns of reasoning
with usage of syllogisms were undertaken by a Russian psychologist,
Alexander Luria, as part of a wider investigation of cognitive develop-
ment in the context of cultural and social changes.? The research was under-
taken in the early thirties in remote areas of Uzbekistan and Kirghizia at
a period when traditional, preliterate populations ‘met’ with the new con-
temporary social and economic conditions. The results were presented in
Luria's monograph Cognitive Development: Its Cultural and Social
Foundations (1977). These results and the framework of the experiments
(work with syllogisms) defined the form of further research in this areain
different parts of the world (Cole, Gay, Glick and Sharp, 1971; Cole and
Scribner, 1974; Scribner, 1976; Sharp, Cole and Lave, 1979; etc.).

3.1. Luria’s experiments

Luria's experiments involved two groups of people. One included illit-
erate men and women from remote villages who were not involved in any
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modern social activities — ‘non-schooled’ individuals. The other group
included men and women with some literacy training (from very basic to
more advanced) who were participating in modern activities (running the
collective farms in different capacities, education of children in kinder-
gartens and in primary schools) — ‘schooled’ individuals. The subjects of
both groups were presented with two types of syllogisms — one type with
content related to the subjects’ own practical experience, the other with
content not related to such experiences. The syllogisms consisted of major
and minor premises and of a question, to which the subjects were asked to
provide an answer. Testing aimed at the following abilities:

(1) Ability to repeat the whole syllogism, which tested memory and the
retrieval of information. The goal was to see whether the subjects perceived
a syllogism as a whole logical schema, or only as isolated statements.

(2) Ability to make deductions in two types of syllogisms: (a) those with
familiar content in the premises and (b) those with unfamiliar content. The
goal was to see what type of mode they follow. In both cases subjects
were asked to explain how they arrived at their answer, in order to see
where they used their practical experience and where the answer was
obtained by logical deduction. The results were as follows:

(1) Tests on repetition of syllogisms:

Schooled subjects saw the overall structure of the syllogism, and repeated
it easily. Non-schooled subjects saw the syllogism not as one unit, but as
a number of unconnected statements. Thus, syllogisms like (2) were
repeated by the non-schooled subjects in the way presented in (2.1) —
examples from Luria (1976, pp. 102-117).

2 Precious metals do not rust. Gold is a precious metal. Does it
rust or not?

(2.1) a. Do precious metals rust or not? Does gold rust or not?
b. Precious metals rust. Do precious metals rust or not?
c. Precious metals rust. Precious gold rusts. Does precious gold
rust or not? Do precious metals rust or not?

(2) Tests on the ability to make deductions. Results for syllogisms with
familiar content differed from results for syllogisms with unfamiliar
content:

(@) When non-schooled subjects were given syllogisms like (3), with
familiar content related to everyday experiences but transferred to new con-
ditions, they refused to make any deductions. The most frequent reason
given for their refusal was lack of personal experience (3.1.a, b); only when
they were asked to take the words for truth did they sometimes agree to
answer (3.1.c). Often if they agreed to answer, the answer ignored the
premises, and reasoning was carried out within another framework of con-
ditions (3.1.d):
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(©)] Cotton grows where it is hot and dry. England is cold and damp.
Can cotton grow there or not?

(3.1) a. | have only been in the Kashgar country. | do not know beyond
that.

b. | do not know, I’ ve heard of England, but | do not know if cotton
grows there.

c. From your words | would have to say that cotton should grow
there.

d. If the land is good, the cotton will grow there, but if it is damp
and poor it won't grow. If it's like Kashgar country, it will grow
there too. If the soil is loose, it can grow there too, of course.

(b) When responding to syllogisms like (4), with unfamiliar content
where inferences can be made only in the theoretical mode, non-schooled
subjects more strongly refused to deal with such syllogisms, often on ethical
grounds (4.1.a), or in case they agreed (under special request) to speak,
premises were either missing or ignored (4.1.b, c, d), since the subjects
made use only of personal experience:

4 In the Far North where there is snow, all bears are white.
Novaya Zemlya is in the Far North. What colour are the bears
there?

(4.1) a. We always speak only of what we see; we don't talk about what

we haven't seen.

b. There are different sorts of bears.

c. There are different kinds of bears, if one was born red, he will
stay red.

d. | do not know, I've seen a black bear, | have never seen any
other. Each locality has its own animals. If it is white, it will
be white, if it's yellow, it will stay yellow.

In contrast, schooled participants were able in both tasks to solve all the
problems: recognize a syllogism, accept the premises, and reason on their
basis.

Luria’'s conclusions were as follows. Non-schooled subjects reason and
make deductions perfectly well when the information is part of their
practical experience; they make excellent judgements, draw the implied
conclusions, and reveal ‘worldly intelligence’. But their responses are
different when they work with unfamiliar content and must shift to the
theoretical mode: they do not recognize a syllogism as a unit (it disinte-
grates into separate propositions without logical connection) and mistrust
the premise with content outside their personal experience.

Luria interpreted these differences in reasoning performance within
Vygotsky’'s theoretical position that ‘higher cognitive activities remain
sociohistorical in nature and . . . change in the course of historical devel-
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opments’ (Luria, 1976, p. 8), and that sociohistorical development is similar
to the development of a child’s cognitive abilities.

3.2. Post-Luria research

Luria's observations were confirmed in diverse cross-cultural* and educa-
tion-related researches on the cognitive development of students of dif-
ferent ages/level of education (Scribner, 1977; Sharp, Cole and Lave, 1979;
Scribner and Cole, 1981; Tversky and Kahneman, 1977; etc.). All studies
confirmed that there is a profound difference in the way syllogisms are
solved by different groups of people: by educated/literate vs. non-educated/
illiterate in cross-cultural tests, and by students of different levels in
American schools and universities.

The phenomena described by Luria have been interpreted® by scholars
of different specialties (see discussion in Kess, 1992; Foley, 1997; and
Ennis, 1998). Some tried to give an account of the phenomena from the
point of view of the input of literacy, education and the social environ-
ment in development of reasoning processes; | discuss these accounts in
section 4. Others directly or indirectly connected this issue with develop-
mental problems or with psychological studies of inference in general; |
discuss their responses in section 5.

4. LITERACY, SOCIAL CHANGES AND EDUCATION

Cross-cultural and educational studies demonstrated that there is a corre-
lation between literacy, social environment and education on the one
hand, and the students’ ability to treat logical problems in atheoretical or
empirical mode on the other. It was stated that after a certain level of
education individuals are ready to accept a syllogism as a self-contained
unit of information which can be dealt with in its own right ‘as a logical
puzzle' (Sharp, Cole and Lave, 1979, p. 75), whereas |ess-educated indi-
viduals ‘assimilate’ the content of the premises to previous experience. The
controversy was whether it is education (formal schooling, of which literacy
is an obligatory component), or just literacy on its own which is respon-
sible for the cognitive development involving syllogism solving. Olson
(Olson, Torrance, Hidyard, 1982; Olson, 1994) claims that literacy is suf-
ficient for the formation of syllogism-solving abilities, since literates think
in a different way than illiterates, because literacy transforms the nature
of thinking: thinking about the world vs. thinking about the representation
of the world (Foley, 1997, p. 422).

The ‘literacy’ position, though, is not supported by empirical work in
education. Scribner and Cole (1981) established in studies among Vai, who
have an indigenous vernacular script and are literate in it, that literacy
without modernized Western-type schooling does not lead to usage of
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formal syllogistic reasoning. They see the source of reasoning in literacy
in English in the Vai society, which is inseparable from western-type
schooling, which includes some specific social practices. Evidently all
western-type literacies, which go back to the Greek tradition of reasoning,
have this effect on cognitive development.

4.1. ' Discourse’ theory

Observations in cross-cultural and educational studies gave rise to a
“discourse theory’ to account for the differences between usage of formal
syllogistic reasoning and usage of empirical reasoning. According to this
theory, semantic decoding of any text is based on knowledge of the genre
(whichisactualized in ‘scripts’ or ‘scenarios’ —termsintroduced in studies
in artificial intelligence — Schank and Abelson, 1977; Minsky, 1986).
Recognition of the genre, and of the script, provides all the implied
semantic connections and implicit inferences in the text. Empirical rea-
soning, used by non-educated people who lack Western-style literacy,
relies on traditional oral genres, such as folktales, riddles, myths, legends,
narratives, etc. (Scribner, 1977; Olson et al., 1982), a list which does not
include such a genre as syllogism. So non-schooled people cannot make
use of a genre which they do not possess. If they are asked to use it (asin
Luria's and other cases), they simply do not see any sense in doing this,
since the syllogism is not a way of reasoning in everyday life. In contrast,
for schooled individuals the syllogistic form is a special genre/script with
its own laws, a kind of a ‘game’ with familiar rules, a fixed, boxed-in,
isolated entity (Ong, 1982). The semantic resolution of this script is fully
dependent on its inner content and the rules for relating the premises. One
is not supposed to check the accuracy of the content in the outside real
world. When an individual learns how to use this genre, there is no diffi-
culty in using it, especially in the setting of an experiment where its usage
is expected. The syllogistic pattern of reasoning is a part of Western-type
schooling, and it is easily acquired in its simple form.

The discourse theory explanation looks highly plausible. If it is correct,
it gives rise to another problem: Do schooled subjects completely switch
from the empirical way of reasoning to the formal one, or are they using
both strategies? Many authorsin cross-cultural research mention in passing
that usually individuals use both strategies. This issue will be discussed in
more detail in section 6, in connection with neurological experiments.

4.2. Correlation between cross-cultural and developmental interpretations

The data of cross-cultural and educational age-dependent research on
operational thinking supports Piaget's theory of stages modified later by
his equilibration theory of cognitive development. The four stages stated
by him represent ontogenetically obligatory stages of cognitive develop-
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ment which appear and succeed one another at a certain age, bringing
qualitative differences in mental processes. But later (Piaget, 1985) he
stated and stresses that the cognitive system is open, and that its forma-
tion depends on and is determined by the environment (see discussion in
Garcia, 1992). In particular, the last stage, which operates not with argu-
ments/objects inside the proposition, but with a set of propositions outside
of aproposition, needs a special environment to be actualised. This explains
why the subjectsin Luria’'s experiments who had a basic education quickly
acquire the ability to reason within a theoretical model.

Cross-cultural studies refer to the fourth stage when formal thinking
develops (which to a certain extent is ontogenetically obligatory), and
they consistently show that in pre-literate cultures individuals do not auto-
matically develop it. Piaget is right that this ability appears at a certain
age (as educational studies confirm), but it is evident that its appearance
is due not only to ontogenesis but also to certain cultural needs in the
society, which puts forward certain cognitive tasks. Thus, differences in
operational thinking do not refer to the ‘normal’ course of development,
but are the outcome of schooling and differences in social environment
(Tulviste, 1979; Ong, 1982), which provide a special type of genre — the
syllogism. Thus all adults have a potential for the theoretical mode of
reasoning and can develop it in a certain cultural environment.

The question, however, remains whether after developing formal, logical
ways of thinking individuals still preserve and use ‘pre-logical’ empirical
modes. This question, known as the problem of ‘thought heterogeneity’,
was much discussed since Lévi-Strauss (1966) from many points of view
in cultural studies (especially in Tartu’s Centre of Semiotics since the
1970s: Lotman, 1978; Ivanov, 1978; Tulviste, 1979, etc.) and in psychology.
Cognitive psychological research has contributed a lot to discussing this
problem.

5. PSYCHOLOGICAL BASIS OF REASONING MODES

Cognitive psychological research (in connection with cross-cultural
evidence and on its own) is interested in how reasoning, particularly syl-
logistic reasoning, is represented in the mind, that is, in what is the
psychological nature of inference. A major question is whether formal
logical reasoning is represented in the mind as a special component, or not.

5.1. Johnson-Laird’s ‘reasoning without logic’

Johnson-Laird since his early publications (Wason and Johnson-Laird,
1972; Johnson-Laird, 1983, 1986; Johnson-Laird and Byrne, 1991) has
addressed the problem of what he calls ‘inferential competence’ and
‘inferential performance’ (1986, p. 13). He denies the existence of ‘ mental
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logic’, that is, of mental representations of inference-rule schemata

reflecting logical formulae in the brain. Instead he proposes an alternative

theory — ‘theory of mental models’ — of deductive reasoning based on a

‘semantic principle of validity’. He claims that a psychologically plau-

sible hypothesis is ‘reasoning without logic’, according to which solving

syllogisms is based not on the use of logical rules but only on the content
and truth of the premises.
He suggests that reasoning without logic includes three steps:

(a) interpretation of the premises by constructing a model which is based
on truth conditions [that is, a model which incorporates the informa
tion in the premises in a plausible way — 1.D.],

(b) formulation on its grounds of a semantically relevant conclusion, and

(c) search for an alternative model which can prove the conclusion
false.

If thereis no alternative model which disqualifies the truth of the original
conclusion, this conclusion is correct and can be accepted; if there is an
alternative model, we proceed with selecting the most adequate model.

5.2. Deductive or inductive reasoning?

Another important aspect of the discussion about modes of reasoning in
natural language concerns the question whether such reasoning is carried
out in an inductive or in a deductive way. Moore (1986) claims the absolute
priority of inductive over deductive reasoning, because deductive reasoning
involves only the form of the argument, whereas inductive reasoning does
not separate form from content, and content is dominant. From this position,
he re-examines the conclusions of cross-cultural research (Luria, Scribner
and Cole, etc.) and argues that the ‘inability’ of non-schooled villagers to
deal with syllogisms is only apparent: they simply refuse to restrict infer-
ence to form only, and go with content, that is with their knowledge of the
world. So, when they say that they cannot answer a question posed by a
syllogism, this refusal impliesavalid conditional argument of the following
type (Moore, 1986, p. 57):

@) If | could tell, I would have seen. | did not see. Therefore, | could
not tell.

with the scheme: If p, then g. Not-g. Therefore, not-p. So, though the infor-
mant does not give an answer for the syllogism, it is due to his refusal to
play logical games, arefusal which in itself gives no evidence for Luria's
claim that the individual cannot think deductively. Since there is no formal
technique for description of inductive reasoning, it only looks that it has
no rules. But such rules of inference exist; they include checking the content
of a syllogism through worldly experience and [due to informants’ cultural
conventions of ‘politeness’ — I.D.] not discussing issues outside their com-
petence. This conclusion is very similar to Johnson-Laird's position about
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creating a relevant model. In this case a model cannot be created because
of the absence of reliable information.

In contrast to this inductive approach, Wilson and Sperber (1986)
advocate the dominance of the deductive resolution of inference and rele-
vance. They regard deductive inference by formal schemata as crucial for
working with certain types of information, namely when the amount of
explicitly presented information is deliberately reduced in communication.
This position is compatible with the assumption that the deductive form
of reasoning is not only part of mental representation, but represents a
dominant strategy in certain types of tasks.

So cognitive psychology, recognizing the existence of two modes of rea-
soning, does not offer a uniform answer on the question of ‘ heterogeneity
of thought’. Neurological experiments, however, help to shed light on this
problem.

6. NEUROLOGICAL RESEARCH: BRAIN HEMISPHERES AND MODE
PREFERENCES

The ahilities of literate adults to use both reasoning patterns and to select
between them were tested in unique experiments in the Sechenov Institute
of Evolutionary Physiology and Biochemistry, St. Petersburg, Russian
Academy of Sciences, by V.L. Deglin and his group.®
The experiments on syllogism-solving were part of a larger program of
investigation of the contributions of the hemispheres to language produc-
tion. The goal of the experiments presented here was to discover the con-
tribution of the left and right hemispheres to solving syllogisms, by testing
subjects’ performance when either their left or right brain is temporarily
not functioning because of transitory suppression (Chernigovskaja and
Deglin, 1990; Deglin, 1995; Deglin and Kinsbourne, 1996). The tested
group included 14 right-handed individuals of both sexes, all with sec-
ondary and some with university education. Each person was tested three
times: before electroshocks (control investigation), after right hemisphere
suppression, and after left hemisphere suppression. The study tested solving
of two types of syllogisms (including motivation for the reply):
Experiment 1: syllogisms with true premises (with both familiar and unfa-
miliar content asin Luria's and other cross-cultural studies).
Experiment 2: syllogisms with false premise (a type of syllogism never
tested before this study).

6.1. Experiment 1: solving true syllogisms

The types of syllogisms are presented in Table 1, and the types of responses
in Table 2.
In the control group, subjects gave predominantly theoretical answers
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Table 1. Types of syllogisms used in Experiment 1

Major premise Minor premise Question

1. There arefishin all
the rivers where people
put nets.

Are there fish in the
Neva River, or not?

People put nets on
the Neva River.

2. Every state has a flag. Zambiais a state. Has Zambia a flag, or not?

Does Olja drink tea at
3 p.m., or not?

3. Tanya and Olja aways
drink tea together.

Tanya drinks tea
at 3 p.m.

The girl has drawn a
square on the blackboard.

4. In al the squares the
sides are equal.

Are the sides of this square
equal, or not?

5. All mammals suckle
their babies with milk

The kangaroo is a
mammal.

Does the kangaroo suckle
its babies with milk, or not?

Table 2. Typical answers in Experiment 1

Left active (right suppressed) Right active (left suppressed)

1. Sinceit is said here that in all the
rivers where people put nets there are
fish and the Nevais ariver, and
people put nets on it, so there are.

Of course there are, but inedible, they
cannot be edible, there is much machine
oil. Smelt should be.

2. Each state has a flag, so Zambia also
has one.

3. Sinceit is said that they drink tea
together, then they also drink it now,
at 3 p.m.

Who knows it, this Zambia? How can |
know whether it has a flag or not?

| don’t know either Tanya, or Olja.
Who knows about them, if they drink
tea or not?

4. Itisasquare, so its sides are equal. She | do not know any girl. Who knows
has drawn a sguare, the sides are equal. about her, what she has drawn?
5. It is written on the card that mammals Suckles, probably, | have heard that

suckle their babies with milk, and the
kangaroo, it is written, is a mammal,
so it suckles.

they have a bag, and the baby sits there.

(12 of 14), which could be expected, since all the subjects were educated
within a culture in which syllogisms exist. Only two subjects gave empir-
ical responses (in accordance with their experiences and beliefs) to some
syllogisms, like the following in response to N.1: Everybody knows that
there is smelt in the Neva, or the following in response to N.3: No, they
do not drink, one drinks tea in the morning. Empirical responses were
extremely rare in the control group.

With right hemisphere suppression (left active) there was an even more
pronounced tendency to use a theoretical mode: though the same number
of subjects as in the control group (12 of 14) used the theoretical mode,
all the tasks were solved more readily, without hesitation, and with much
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more assurance than in the control investigations. In justifying their
answers, the subjects referred spontaneously to the contents of the premises.

With left hemisphere suppression (right active) there was a strong
difference from the previous cases. The number of empirical answers
dramatically increased: 11 subjects of 14 used them. Some subjects even
gave only empirical answers without using theoretical answers at all. In
comparison with the control group, where only some syllogisms, usually
those with strongly familiar or strongly unfamiliar content (e.g. 1, Table 1),
were given empirical answers, here all syllogisms independently of the type
of content (familiar-unfamiliar) were given empirical answers. However
there was some difference in the statistical distribution of responses to
syllogisms with familiar and unfamiliar content: in syllogisms with unfa
miliar content the number of empirical answers was substantially lower.
The subjects’ behaviour in using the modes was also different: empirical
answers were given quickly and with assurance, whereas theoretical
answers were given with difficulty and hesitations.

Experiment 1 demonstrated that one and the same person solves one and
the same task differently in different states. The type of answer depends
mainly on which hemisphere is active, and to some extent on the famil-
iarity of the content of the premises. The experiment showed ‘that within
our culture, under usual conditions the “right-hemisphere” mode of thought
[empirical mode — |.D.] is not drawn to syllogism solving' (Deglin, 1995,
pp. 23-24).

6.2. Experiment 2: solving syllogisms with false premises

This experiment was aimed to find out how and whether the hemispheres
are involved in identifying the quality of information contained in syllo-
gisms.

Examples of syllogisms for this experiment are presented in Table 3
and the types of responses and typical reactions in Table 4. An example of
this type of syllogism (5) and of possible responses (5.1.) is:

5) All monkeys climb trees. The hedgehog is a monkey. Does the
hedgehog climb trees, or not?

(5.1) a. Yes, he does.

theoretical response with acceptance of the syllogism and of the inside-the-
syllogism information.

b. The hedgehog is not a monkey.

empirical response with a challenge to the quality of the information con-
tained in the premise

c. | have not seen hedgehogs, | do not know whether they climb
trees or not.
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Table 3. Syllogisms with false premises (marked with *)

129

Major premise

Minor premise

Question

1. All trees sink in water*.

2. Winter is cold in
tropical countries*.

3. Northern lights often
happen in Africa*.

4. All monkeys climb trees.

5. All precious metals
glitter.

A balsais atree.

Ecuador is a tropical
country.

Uganda isin Africa

Does balsa sink in water, or not?

Isit cold in winter in Ecuador,
or not?

Do northern lights happen in

Uganda, or not?

The hedgehog is a
monkey*.

Copper is a precious
metal* .

Does the hedgehog climb trees,
or not?

Does copper glitter, or not?

Table 4. Typical answers and types of reactions

Control

Right active
(left suppressed)

Left active
(right suppressed)

Empirical mode - rejection of
the premise (0,5 responses):

— Wrong, tropical countries
do not have cold winters.

Theoretical mode - realities

are ignored (half as often
as empirical):

— Yes, winters are cold in
Ecuador . . .

Ambivalent: difficulties in
choice between theoretical
and empirical modes:

— Due to the structure of

what is written, the answer

should be positive, but |
think winters cannot be
cold there.

Empirical mode:

a) rejection of false
premises (about 2/3 of
total answers).

Attitude extremely
emotional:

— Lies! — Nonsense! —
Rubbish!

b) more extended denials
of false premises than
in control:

— It iswarm in Ecuador!
Rubbish! It is a tropical
country! It can't be
winter there, because it
isin the South. Wrong
what you write!

Theoretical mode:

(even if admitting the
absurdity of the premise).
If asked for the reason,
the answer is:

— But it is written so!

— Here it is said so!

Repeated drawing
attention to absurdities
has no influence on
answers.

Attitude: non-emotional
(calm, with confidence,
unmoved by absurdity of
information in premises).

avariety of empirical response — refusal to answer on the ground of absence
of outside-the-syllogism information.
The control group gave all three types of responses. Predominantly (2/3

of answers) empirical responses were used — rejection of the false premise
or refusal to solve the syllogism. But there were also theoretical answers
where irrelevance of the content of the premises to reality was ignored:
Yes, balsa sinks in water, because balsa is a tree and all trees sink in water.
In some case answers were ambivalent: the subjects were hesitant which
of the strategies to use — the theoretical one, following the rules of syllo-
gism but ignoring the false premise, or an empirical one, pursuing the truth:
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‘Must | answer so as it is written here? Then the hedgehog climbs trees.
But it does not climb. It is not a monkey.’

With left hemisphere suppression there was very strong rejection of false
premises (90% of answers): subjects refuted false premises with convic-
tion with a strong emotional reaction, extreme indignation, and much more
extended denials (see Table 4).

With suppression of the right hemisphere, there was a dramatic change:
the number of theoretical answers more than doubled, and the number of
empirical answers strongly decreased, with some individuals not using them
at all. The subjects who followed theoretical answers did not pay any atten-
tion to the falsehood of premises (relying instead on the authority of what
is ‘said’ or ‘written’), and proceeded to work with the information given
to them. As a result there were absurd conclusions, derived in accordance
with correct rules of formal logic. The emotional attitude radically changed
— the subjects did their task calmly, with confidence, neglecting the absur-
dity of the premises.

So these neurological experiments demonstrated that the activated right
hemisphere not only utilizes predominantly the empirical mode but also
controls the quality of information contained inside the syllogism, whereas
the activated left hemisphere utilizes predominantly the theoretical mode
and is indifferent to the content of the premises.

Thus, neurological experiments demonstrated that both mechanisms of
reasoning are simultaneously present in the brain of one and the same
person, that both of them can be used, but that each of them is controlled
by a different hemisphere. The choice of strategy depends on the content
of the issues discussed: issues with familiar content referring to everyday
activities are discussed in the empirical mode, whereas issues with unfa-
miliar content are solved in a theoretical mode. These results explain the
fact mentioned in much cross-cultural research that often educated subjects
use both strategies. And these results give a certain counterevidence to
Johnson-Laird's claim that formal reasoning is not represented in the mind.

The results of the neurological experiments are congruent with more
general peculiarities of functioning of the hemispheres: the right hemisphere
operates cognitively with unified configurations (in this case with familiar
scripts), whereas the left one processes discrete items (Witelson, 1987) —
in this case the rules of formal deduction. This can raise a question whether
the syllogism constitutes a script with a content (as was assumed in the
discourse theory of reasoning) or is only a system of formal rules, a ‘syn-
tactic script’ never tied to a definite content but only to a definite set of
rules. In my opinion, the latter understanding of the syllogism is much
more plausible. It is fully congruent with the linguistic functions of the
hemispheres as they were discovered in other experiments of the same
group, and which unlike Chomskian-oriented research, recognise that
both hemispheres and not only the left are responsible for language pro-
cessing. According to the bi-hemispheric approach, linguistically the right
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hemisphere is responsible for (among other things) the referential and
semantic correctness of words, and the left hemisphere for their syntactic
organization (Balonov, Deglin, Dolinina, 1983). In the case of reasoning
patterns, the right hemisphere appears to control the quality of informa-
tion (e.g. the truthfulness of premises, testing them against the realities of
the world and/or personal knowledge/experience), whereas the left hemi-
sphere is responsible for the correctness of purely operational mechanisms
(formal correctness of inferences).

7. CONCLUSION

Two reasoning modes can be used in solving syllogisms: an empirical (pre-
logical, traditional, ‘inductive’) one and a theoretical (logical, formal,
‘deductive’) one. The first employs out-of-the-syllogism information, that
is information from life experience, the second only inside-the-syllogism
information.

Cross-cultural investigators (Lévy-Bruhl, Luria, Cole, Scribner, etc.)
demonstrated that the theoretical mode is not available to individuals in
traditional societies, who employ only the empirical mode; the theoretical
mode becomes available to them after acquisition of minimal literacy and
Western-type schooling. This discovery supported Piaget's late theory of
equilibration that for the theoretical mode to be developed there must be
an interplay of ontogenetic factors with the social environment. Various
explanations of the failure of adults in traditional societies to develop the
formal way of reasoning were proposed. Scribner claimed that oral tradi-
tional cultures do not have a syllogism genre, and so make use only of the
genres which are available to them; when they learn this genre they can
work with it. Specialistsin literacy (Ong, Olson) claimed that literacy alone
is sufficient for formal thinking, but this consideration was not supported
by Scribner and Cole, who investigated literate traditional cultures (Vai)
with authentic literacy, but still without formal reasoning. So they claimed
that Western-type schooling (of which literacy is only a part) is crucial for
formal reasoning. Thus, the sources of formal reasoning began to be
explained as a function of sociocultural demands (though acquired, as
Piaget claimed, only after a certain age, in the fourth stage of development).

Since literate western-schooled individuals possess both modes of rea
soning, the question was raised in cognitive psychology, and also in some
studies of culture (Ivanov, Lotman, Tulviste), which of the modes is
normally used — both (in which case there arises the issue of ‘ heterogeneity
of thought’), predominantly the theoretical one (as more efficient and
compact), or predominantly the empirical one (as based on everyday infor-
mation). Some cognitive psychologists (e.g. Johnson-Laird and Moore)
claim that the traditional, semantic way of reasoning is responsible for
reasoning processes and is represented in the mind, the formal being only
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a ‘performance’ strategy. Others (Wilson and Sperber) stress the priority
of formal reasoning. Deglin’s neurological experiments on functional dif-
ferentiation of right and left hemispheres demonstrated that both strate-
gies are present in the brain: the right hemisphere uses the empirical mode,
whereas the |eft one uses the theoretical mode, so an individual can chose
whatever strategy is most appropriate to the circumstances.
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NOTES

1 Lévy-Bruhl’s position was rejected by many psychologists, anthropologists and linguists
of that time (among them Boas) who took it as a statement of the inferiority of ‘primitive’
cultures, and who argued that the intellectual apparatus of people in primitive cultures was
absolutely identical to that of people in more advanced cultures, because the cognitive and
linguistic abilities of any culture and of any language are equal.

2 Luria's research was based on Vygotsky’s theoretical position that consciousness is not
given in advance, but is shaped by activity and is a product of social history.

 Although Luria did his research in the 1930s, his monograph was not published in the
original Russian edition until 1974.

4 They were carried out in Africain Senegal, among Wolof, in Liberia among K pelle and
among Kpelle and Vai, and also in Mexico among Mayan- and Spanish-speaking villagers,
with results very similar to Luria’s and to each other.

® Luria’s own explanations were only partially accepted. The grounds for criticism differed.
For example, Cole in his foreword to the English translation of Luria’'s monograph (Luria,
1976, p. xv) comments that Luria, adopting the Piagetian developmental framework, does
not differentiate between the performance of individuals in different cultures and the per-
formance of younger and older children within the same culture.

& Professor Deglin is a distinguished scholar in the area of functional asymmetry of the
brain. He is the author of numerous books devoted to different aspects of the brain’s func-
tions. The project in the area of Language and functional asymmetry of the brain, of which
investigation of reasoning patterns is only one part, was started by his supervisor, colleague
and co-author, Professor L.Y. Balonov, in the late 1960s.
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