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DOES A BEHAVIORAL EXPERIMENT ON REASONING 
SUPPORT THE NEUROLOGICAL FINDINGS?

 Jodi Tommerdahl Paul Moran 
 University of Birmingham University of Chester  
 University of Texas Arlington 

Abstract: To better understand the development and cognitive architecture of 
human reasoning, a divide between deductive and probabilistic reasoning has often 
been proposed. Neurological studies carried out on clinical and typical populations 
have overwhelmingly found that the two proposed types of reasoning are under-
pinned by relatively independent neural substrates. This article seeks to determine 
through behavioral experiment whether the two alleged reasoning types have simi-
lar or different developmental trajectories with the notion that similar trajectories 
would question these findings while different trajectories would support the idea of 
separate systems. An experiment was carried out on children from age 4 to 14 requir-
ing them to choose whether a given conclusion was certain or merely likely to be true 
or untrue. Results showed significantly different development trajectories between 
deductive and probabilistic reasoning, thereby supporting the neurological studies’ 
findings of separate systems. Further results allow hypotheses on the nature of inter-
play between these systems.

Keywords: pragmatics, reasoning, logic, deduction, probabilistic reasoning, cogni-
tive architecture

Languages: English

as the tools of neuroscience advance our efforts to understand the nature of human 
cognitive activities such as language processing and reasoning, it becomes possible to com-
pare information gleaned from these tools with the findings from behavioral studies. This 
action allows us the opportunity to examine specific human activities from more than one 
vantage point and also to more closely examine the tools we are using and the way which 
we are using them when the two vantage points report contradictory findings.

This paper looks at the activity of human reasoning. As reasoning is a term that is both 
controversial to define and difficult to exhaust, the topic here is limited to a particular area 
or possibly two particular areas of reasoning, these being deductive and probabilistic rea-
soning. This last sentence is carefully worded, as the question under consideration here is 
whether there is a distinction between these alleged areas of reasoning or whether they are 
actually one and the same. When we speak of a distinction being made between these two 
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areas of activity, ultimately what we mean is whether on a cognitive or psychological map, 
it would be correct to say that these are separate areas that function in different ways or on 
different types of input and that might develop separately and possibly be able to function 
independently of one another in the same way that our perceptual systems of vision and 
audition do. Therefore, the question is posed at a psychological level, but of course this psy-
chological level is one that is impossible to see. One might even say that the psychological 
level doesn’t truly exist, but is merely a useful mental construct that makes it easier for us 
to imagine the workings of the mind. Whether this is the case is beyond the scope of this 
paper, but the level of psychological mechanisms is kept here as at least a useful tool for 
thinking. However, as the clear impossibility of directly examining this level persists, we 
must turn to other more tangible levels which can be observed and which thereby allow us 
to make educated guesses in regard to the nature of our psychological mechanisms. These 
other levels consist of the neurological and the behavioral levels. If evidence from both of 
these levels coincide, we can have greater confidence in the resulting implications on the 
psychological level which is sandwiched between the two others.

Before considering the neurological evidence in the area, we will first present defini-
tions and examples of the two proposed types of reasoning and the theories supporting the 
number and type of mechanisms carrying out reasoning activities. Reasoning, an impor-
tant topic in the area of pragmatics, is taken to be the ability to draw a conclusion based 
on given information. This very general definition can now be broken into two categories. 
One of these is the category of deductive reasoning. An example of this is provided in (1) in 
the form of a classic syllogism with its major and minor premises.

(1)  All cars have wheels. 
This big piece of metal is a car. 
Therefore, this big piece of metal has wheels.

What is specific to this form is that the conclusion that is drawn is necessarily true as long 
as the premises are true, due to the form of the argument. Deduction, however, isn’t limited 
to this classic form. It is also present in shorter sequences such as in (2):

(2)  Daniel is staying at home all evening tonight. 
Therefore, Daniel will not be at the cinema on Main Street tonight.

Probabilistic reasoning, on the other hand, does not have the quality of assuring the truth 
of its conclusion, even if the premises are known to be true. An example follows in (3):

(3)  There is an opera on campus tonight. 
Daniel hates the opera. 
Daniel won’t be attending the opera tonight.

In this case, even if it’s true that Daniel hates the opera, there’s still the possibility that he will 
be there due to any variety of circumstances, such as getting much-needed extra credit for 
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his music class or being taken there against his will. The conclusion is based on probability as 
opposed to certainty, as the form of the argument does not guarantee its conclusion.

Two main psychological models of reasoning in this area have been put forward using 
these categories of reasoning. The first can be referred to as Mental Logic Theory (Boole 
1848, Braine 1978, Henle 1962, Rips 1994, 2001, Rock 1977), which asserts that there are 
at least two separate mechanisms which carry out reasoning. The second is Mental Model 
Theory ( Johnson-Laird & Byrne 1991), which claims that there is a single mechanism 
responsible for processing both types.

Mental Model Theory asserts that the single mechanism which can carry out both 
deductive and probabilistic reasoning works by constructing as many mental models of the 
premises as possible, possibly in pictorial form. A potential conclusion is inserted into each 
mental model and evaluated for its ability to be true in the models. If the conclusion fits 
into each model without contradiction, the conclusion is considered to be true, whereas if 
it fits into most, but not all of the mental models, the conclusion is then considered to be 
probable.

The opposing Mental Logic Theory proposes that we have a set of mental inference 
rules such as modus ponens (If A, then B.  A. / Therefore B) which we can apply to proposi-
tions in order to move logically from premises to conclusions. Descriptions of the precise 
rules held and the way they are used vary from author to author but all agree on the overall 
separation from probabilistic reasoning and the use of inference rules. The workings of a 
probabilistic system are mainly of interest in the sense that they are separate, as they cannot 
be carried out by the deductive system.

As stated earlier, observing neurological activity can help researchers to understand 
whether two proposed activities activate the same or different neural correlates in the brain. 
If identical brain areas are used in carrying out the tasks, it seems likely that the two tasks 
are actually one and the same task, whereas if separate areas are used in the tasks, it provides 
strong support for the notion that the two activities in question are actually different.

Although much neurological experimentation has been carried out in various areas of 
reasoning and areas related to it, this literature review will limit itself to the experiments 
which directly compare deductive and probabilistic reasoning. Goel et al. (1997), using pet 
brain imaging on healthy, adults found both types of reasoning to be carried out in the left 
prefrontal cortex but in different areas of it, leading the authors to state that different neu-
ral networks existed for each type of reasoning. These findings were echoed by Osherson et 
al. (1998), whose pet study also found differences in brain activity to exist between deduc-
tive and probabilistic tasks, although they found the former to exist primarily in the right 
hemisphere and the latter to exist bilaterally.

Parsons and Osherson’s pet study (2001) had locational findings similar to those of 
Osherson et al., and Goel and Dolan’s (2004) fmri study showed separate areas of the 
left hemisphere to be active in the respective tasks. A final eeg study by Tommerdahl et 
al. (2005) further confirmed the results of earlier neurological analyses, showing deductive 
activity to be concentrated in the frontal lobe while probabilistic reasoning activity was 
more evenly spread throughout the cortex. When viewed as an amalgamation, the results 
found are interesting. Overall, different studies name varying areas as the seat of each type 
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of reasoning, but at the same time, each and every study concurs that clear separations exist 
between the neurological activity underlying each type of reasoning. The remaining ques-
tions about location make it clear that methodological difficulties in the exploration of this 
question exist, but despite this fact, the overall weight of neurological evidence supports 
the Mental Logic Theory over the Mental Model Theory.

Interestingly, researchers from both the Mental Logic and Mental Model camps have 
continuing neuroscientific research asserting to find further separations between reason-
ing and other functions such as mathematical processing (Kroger et al. 2008) and language 
(Monti et al. 2007). The number and variety of these studies, however, precludes inclusion 
in this review.

The aim of this article was to carry out a behavioral experiment using the two proposed 
types of reasoning in order to determine whether the two types of reasoning developed in 
the same timeframe. The underlying idea was that if the two types of reasoning developed 
at the same age and rate, it would support (but not prove) the notion of Mental Model 
Theory, which states that there is a single mechanism for both types of reasoning. If, on 
the other hand, it was found that the two types of reasoning emerged at different stages of 
development or developed at different rates, this would strongly support the Mental Logic 
Theory and the notion that separate mental mechanisms support these two distinct types 
of reasoning.

1. methods. 
1.1. subjects. 60 children (23 boys and 37 girls) between 4 and 14 years of age were tested. 
This group was composed of 10 children from each of the following ages (4, 6, 8, 10, 12, and 
14), and they were recruited from a variety of schools in the centre of England. None of the 
children had statements of Special Education Needs and consent was given by both their 
teachers and their parents.

1.2. materials and procedures. Each child was shown a series of 30 pictures. While 
showing a picture, the researcher read one or two premises which related to the picture fol-
lowed by two or three questions. Each question was a proposed conclusion to the premises 
and the child responded via a manual system whether they thought the conclusion was 
true, false, likely, unlikely or whether they had no leaning either way. 70 questions were 
asked in total with 30 of them representing a deductively valid answer in which the appli-
cation of modus ponens would be appropriate, 30 representing what was estimated to be 
a highly probable or improbable conclusion and another 10 designed to elicit the control 
response of “no leaning either way”.

 In order to allow children as young as four years of age to participate in the study, 
it was predicted that verbal responses based on a choice of five would be overly taxing to 
working memory, thereby making the testing procedure impossible. In order to remedy 
this, a special tool, shown in Figure 1, was designed to support the children. It consisted of 
a long, thin piece of wood akin to a very wide ruler which had five shallow cups attached 
to it. Alongside this tool was a plastified strip with a character alongside each choice with 
physical expressions ranging from a big smile and thumbs up to represent the “yes” answer 
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down to a grimacing face with thumbs down to represent a “no” response. These images 
served as an aide-memoire regarding which hole represented which answer. The children 
answered each question by placing a ball into one of the five holes.

Each child was given a series of practice questions and all succeeded in showing that 
they understood the difference between the different response types. Occasionally a child 
would respond verbally with one answer and represent another answer with the ball. In 
these few cases, the contradiction would be pointed out to the child and they would be 
asked to place the ball in the hole that best answered the question. Children were also 
encouraged to ask for the instructions to be repeated at any point if they forgot which hole 
represented which answer, but this was only requested on a single occasion.

An example of the testing material follows. In this example, the image shown in Figure 
2 was shown and the premises in (4) were read aloud by the researcher.

(4)  If the baby cries, her face will get wet. 
The baby cries.

The possible conclusions put to each child are in (5).

(5)  Is her face dry? 
Is the baby happy?

Figure 1. Response tool.

Figure 2. Example of testing material.
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The first of these questions has a deductively valid answer of “no”. The second question, to 
the contrary, has no deductively valid answer but was designed to trigger the response of 

“probably not”, the fourth hole from the top on the answering tool.
Two researchers were present at all times with one showing the pictures and reading the 

sentences and the other recording the responses.

2. results. The results presented in Table 1 and shown graphically in Figure 3 clearly 
indicate significantly higher scores in deductive scores up until the age of 10. By age 10 the 
scores in the two categories have evened out and by age 14 the scores have significantly 
reversed. No significant differences based on gender were found.

3. discussion. The results depict a clear trend that is made up of markedly high deductive 
scores and low probabilistic scores from ages 4 until 8. Statistical analysis shows a signifi-
cant difference to exist between the two scores throughout this age range. By the age of 10, 
the scores are more evenly matched and this result is still present at age 12. However, by age 

Age
Deductive Probabilistic

p
Mean Std. Dev. Mean Std. Dev.

4 15.2 5.43 5.00 4.83 .005
6 16.8 4.13 4.40 8.02 .001
8 12.7 7.45 5.11 3.59 .045

10  9.0 7.49 10.0 7.24 .826
12 13.6 9.19 10.8 5.01 .460
14  7.9 5.92 15.9 4.98 .000

Table 1. Mean deductive and probabilistic scores.

0

2

4

6

8

10

12

14

16

18

Age 4 Age 6 Age 8 Age 10 Age 12 Age 14

mean deductive score

mean probabilistic score

Figure 3. Mean deductive and probabilistic scores in graphical form.
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14 a significant difference again exists between the two scores but in the opposite direction. 
At this age, probabilistic reasoning scores overtake the deductive scores.

What is interesting to note is the fact that the deductive scores do not present an 
expected learning trajectory that starts low and then increases. Instead, it begins nearly 
at the highest point it will reach throughout this study and then decreases as probabilistic 
scores rise. It is important to keep in mind that the test was designed in such a manner that 
an increase in one score did not lead to an automatic decrease in another score. Twenty 
questions of each of these two types were present in the test and it was theoretically pos-
sible to gain a full score of 20 in each of these categories simultaneously. The results from 
this study seem to indicate that probabilistic reasoning skills develop in an inverse relation-
ship to deductive skills. One can now clearly see that not only do the two types of reasoning 
have markedly different trajectories, but that it is possible to speculate about the nature of 
the cognitive architecture that may underlie reasoning which follows here.

What the relationship between the scores appears to suggest is a dual route theory of 
reasoning where the mechanism responsible for deductive reasoning, at least the basic 
modus ponens, develops at a relatively early age whereas a probabilistic mechanism devel-
ops somewhere after the age of 8. The later developing mechanism of probabilistic reason-
ing enters into a relationship of competition with the deductive mechanism and tends to 
dampen the working of the deductive mechanism, even when this mechanism is the more 
appropriate one.

A similar outcome has been seen in what may be found to be an analogous area of scalar 
implicature. Scalar implicature is the area of pragmatics where the processing of explicit 
linguistic meaning is set into contrast with a proposition’s implicit, pragmatic meaning. An 
example would be the proposition in (6).

(6)  Michelle has two children.

An explicit linguistic analysis of this proposition would make it possible to conclude that it 
is possible that Michelle has more than two children and having two of something doesn’t 
preclude the possibility that more than two are possessed. A pragmatic analysis of the 
proposition however leads the listener to assume that Michelle has two and only two chil-
dren. This is based on the assumption that the speaker wouldn’t say that Michelle had two 
children if she actually had more than two. A series of experiments carried out by Noveck 
(2001) show that children are more accepting of the purely linguistic interpretations com-
pared to adults and that between groups of children aged 5, 7, and 9, the 7 year olds were 
the most likely to accept these linguistic, logical interpretations. This links closely to the 6 
year olds in the present study, who were the most likely to use deductive reasoning when 
appropriate.

What is made very clear in this study’s results is that the two skills have markedly dif-
ferent trajectories, with the logical skill of applying modus ponens highly developed by the 
age of 4. Scores of probabilistic reasoning, on the other hand, don’t surpass chance until 
the age of 10. A possible reason for this is that while the deductive system is based upon a 
small set of rules that are applied to language, the probabilistic system is dependent upon 
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world knowledge and life experience, which requires the first decade of life to function suf-
ficiently. The application of world knowledge to a variety of hypothetical situations may 
well require a knowledge of probability developed through several years of experience. It is 
also possible that a probabilistic mechanism works in the way described by Mental Model 
Theory, where working memory has to develop to a certain capacity to allow appropriate 
functioning. Regardless of how the systems work, it seems clear that the trajectories of 
development of the two types of reasoning are substantially different and therefore support 
the notion of Mental Logic that claims that at least two different mechanisms are at work 
in reasoning. Furthermore, this evidence coincides with the neural evidence stating that 
individualized neural mechanisms support various types of reasoning.

Not only are these results of interest to psychologists attempting to build a model of 
human cognition, but also to educators considering questions of what types of learning 
might be dependent upon the systems described above. These results also raise questions 
for the anthropologist and philosopher regarding society’s role in the very existence and 
development of these cognitive systems. Answers to the question of how we reason have 
extensive effects on a large number of disciplines and to both theoretical and practical areas 
of interest.

An unfortunate limitation of the study is that the youngest children studied were four 
years old and already performing well above chance in deduction. We therefore failed to 
observe deductive reasoning in its early stages of development. In order to capture the 
onset of deductive reasoning, it is likely that other tools such as observation will be more 
successful than the methods used here. Further limitations of this study include several 
aspects that could be built into future studies, such as repeating the test on progressively 
older adolescents and adults until the levels of both reasoning scores reach a plateau. This is 
vital, considering that scores are still possibly in flux at our highest testing age. Further stud-
ies could also divide deductive reasoning into more subtypes than modus ponens in order 
to see whether given rules appear at the same age. The examination of different cultures and 
of atypical populations, such as children and adults on the autistic spectrum, would also be 
of interest in the development of the field.

Moreover, all of these areas of continued testing are possible in both the neurological 
and behavioral fields, allowing for a degree of rigour which can be difficult to achieve in 
fields of high level cognition such as pragmatic analyses.
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