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The Good and the Bad, 
the True and the False 
AIMÉE DROLET AND PATRICK SUPPES* 

In this paper, we argue for a different approach to rationality, one based on 
a deeper model of the psychological phenomena of choice. We adopt an Ar-
istotelian view which covers a wider range of human behavior compared to 
classical theories espoused by economists, statisticians, and philosophers. 
These theories are based on the concept of preferences. Our view is 
grounded in the concepts of association and habit. We conducted a large 
empirical study of good and bad habits. Its results strongly demonstrate how 
much agreement there is on judgments of what is good and what is bad, 
which is contrary to the mere relativity of preferences commonly assumed. 
We conclude with a discussion of the implications for rationality of the 
ideas and empirical data we have introduced, and connect our ideas of ra-
tionality to the classical Aristotelian view of the importance of habits. We 
propose to replace maximizing expected utility by having habits constitute 
constraints on choices, and the decision-maker lets his associations deter-
mine his selection from the constrained choice set, whether consciously or 
unconsciously. 

1 Introduction 

In this article, we focus on rationality, but from a perspective that is more 
empirical than is usual. There are, of course, many empirical studies that 
have as their purpose the demonstration that a given concept or axiom of ra-
tionality, often of the kind found in the theory of preference, is empirically 
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false. Our objective is different. We want to argue for a different approach 
to rationality, based on a deeper model of the psychological phenomena of 
choice. By ‘deeper’ we mean the development of a framework of theoretical 
ideas that, in principle, cover a wide range of human, and even animal, be-
havior. In spite of their many merits, including that of clarity and precision, 
the classical theories of preferences of economists, statisticians, and phi-
losophers are notable for the narrow psychological range of the concepts 
they use. It is not far from the mark to say that the classical theory, and even 
most modern variants, has concentrated on essentially what are conceptual 
problems of psychological measurement, especially the measurement of de-
sires or utilities, and the measurement of partial beliefs in terms of subjec-
tive probability. This last point about beliefs is discussed in detail in Suppes 
(Forthcoming). 

The present article is not focused on providing the more encompassing 
formal psychological theory of choice, which we are developing (Suppes, 
Drolet and Bodapati: 2005), but rather on the kind of concepts and empiri-
cal data that are central to our reconception of rationality and that properly 
ground the concepts of association and habit on which we are basing our 
current theoretical efforts. Fortunately, for us, neither of these basic con-
cepts is new. There is much from the past we can use. The concept of asso-
ciation has had a prominent role in the development of psychology in the 
last three centuries, beginning especially with the work of Hobbes and 
Hume, before psychology became a discipline separate from philosophy. It 
has continued to occupy a central place in psychology and now such a posi-
tion in neuroscience as well. Given this prominence, we shall not say as 
much about association in this article as about habit. But again, fortunately, 
we have much to use and digest from the past about the nature of habits. As 
we make clear in the next section, there is already to be found a detailed and 
rather sophisticated theory of habits in Aristotle. More particularly, Section 
2 concentrates on the good and the bad, as advertised in the title, and what 
we have in mind are, above all, good and bad habits. We report the results 
of a fairly large empirical study to show how common and natural it is to 
think of behavior in terms of habits rather than preferences. 

Section 3 is concerned with the second half of our title, the true and the 
false, where associations also have a role. We have less to say here, not be-
cause the truth is not almost as important as the good, but because we have 
concentrated in this article on the neglected topic of the good and the bad in 
most theories of rational choice. 

Section 4 is about implications for rationality of the ideas and empirical 
data we have introduced. In Section 5, we return to the connection between 
our ideas of rationality and the classical Aristotelian view. 
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2 The Good and the Bad 
2.1 Philosophical discussion 
Beginning with Aristotle, the majority of accounts of habits distinguish be-
tween habits that are good and those that are bad: 

Presumably, then, we must begin with things known to us. Hence, any one 
who is to listen intelligently to lectures about what is noble and just and, 
generally, about the subjects of political science must have been brought 
up in good habits. For the fact is the starting-point, and if this is suffi-
ciently plain to him, he will not at the start need to reason as well…. (Aris-
totle 1095b2-5: 937-38) 

Aristotle connects many habit behaviors to virtue in character. He 
stresses in this connection the importance of learning. 

Virtue, then, being of two kinds, intellectual and moral, intellectual virtue 
in the main owes both its birth and its growth to teaching (for which rea-
son it requires experience and time), while moral virtue comes about as a 
result of habit, whence also its name ethike is one that is formed by a 
slight variation from the word ethos (habit). From this, it is also plain that 
none of the moral virtues arises in us by nature; for nothing that exists by 
nature can form a habit contrary to its nature. For instance the stone which 
by nature moves downwards cannot be habituated to move upwards, not 
even if one tries to train it by throwing it up ten thousand times; nor can 
fire be habituated to move downwards, nor can anything else that by na-
ture behaves in one way be trained to behave in another. Neither by nature, 
then, nor contrary to nature do the virtues arise in us; rather we are adapted 
by nature to receive them, and are made perfect by habit. (Aristotle 
1103a14-24: 952) 

But the outcome of learning can be either good or bad habits, as Aris-
totle makes clear in the following passage. 

Again, it is from the same causes and by the same means that every virtue 
is both produced and destroyed, and similarly every art; for it is from play-
ing the lyre that both good and bad lyre-players are produced. And the cor-
responding statement is true of builders and of all the rest; men will be 
good or bad builders as a result of building well or badly. For if this were 
not so, there would have been no need of a teacher, but all men would 
have been born good or bad at their craft. This, then, is the case with the 
virtues also; by doing the acts that we do in our transactions with other 
men we become just or unjust, and by doing the acts that we do in the 
presence of danger, and being habituated to feel fear or confidence, we be-
come brave or cowardly. The same is true of appetites and feelings of an-
ger; some men become temperate and good-tempered, others self-
indulgent and irascible, by behaving in one way or the other in the appro-
priate circumstances. Thus, in one word, states of character arise out of 
like activities. This is why the activities we exhibit must be of a certain 
kind; it is because the states of character correspond to the differences be-
tween these. It makes no small difference, then, whether we form habits of 
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one kind or of another from our very youth; it makes a very great differ-
ence, or rather all the difference. (Aristotle 1103a14-b25: 952-53) 

Aquinas also offers a comprehensive view of how behaviors can be 
categorized as good or bad. According to Aquinas, ‘A good habit is specifi-
cally distinct from a bad habit, since a good habit is one which disposes to 
an act suitable to the agent’s nature, while an evil habit is one which dis-
poses to an act unsuitable to nature’ (Summa Theologica II, 1st Part of 2nd 
Part, Q54, p. 410). Aquinas analyzes many other aspects of habit. For ex-
ample, in a passage very congenial to our view, he stresses, like Aristotle, 
the importance of actions being important to learning habits. 

Like acts cause like habits. Now things are like or unlike not only accord-
ing to the sameness of diversity of their quality, but also according to the 
same or diverse mode of participation. For it is not only black that is un-
like white, but also the less white is unlike the more white; since move-
ment likewise takes place from the less white to the more white, as from 
one opposite to another, as is stated in Physics v. 
But since the use of habits depends on the will, as was shown above, just 
as one who has a habit may fail to use it or may act contrary to it, so he 
may happen to use the habit by performing an act that is not in proportion 
to the intensity of the habit. Accordingly, if the intensity of the act be in 
proportion to the intensity of the habit, or even surpass it, every such act 
either increases the habit or disposes to its increase, if we may speak of the 
increase of habits as we do of the increase of an animal. For not every 
morsel of food actually increases the animal’s size, as neither does every 
drop of water hollow out the stone; but the multiplication of food results at 
last in an increase of the body. So, too, repeated acts cause a habit to grow. 
— If, however, the act falls proportionately short of the intensity of the 
habit, such an act does not dispose to an increase of that habit, but rather to 
its lessening. (Aquinas, Summa Theologica II, 1st Part of 2nd Part, Q. 52: 
399) 

Similar views, often from a somewhat different perspective, were held 
by William James. His account is similar to Aristotle’s and Aquinas’, inas-
much as he distinguishes between good and bad habits and also suggests 
that the development of good habits is essential to character improvement. 
James urges that, by developing good habits, we ‘make our nervous system 
our ally instead of our enemy’ (James 1890/1950: 122). 

2.2 Behaviorism  
In the behaviorism that dominated American psychology after James from 
roughly 1910 to 1970, the concept of good and bad reinforcement, i.e., posi-
tive and negative reinforcement, was central to learning. Behaviorists start 
with approach to, or avoidance of, a stimulus. Approach is a behavioral sign 
of the stimulus’ being good or pleasurable for the organism. Avoidance is a 
behavioral sign of its being bad or unpleasurable. In a strictly behavioral 
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approach, no other characterization, certainly no non-empirical characteri-
zation, is assumed in interpreting the experiments. 

For example, consider the much studied case of conditioning the little 
worm Aplysia. Two kinds of conditioning are easy. The worm is condi-
tioned to approach some stimuli and to avoid others. This approach-
avoidance learning is central to the behavior of such simple organisms. 
There are some stimuli that such an organism will approach, and others that 
it will avoid instinctively i.e., without any conditioning. Conditioning uses 
these instinctive responses to get conditioning started. For example, suppose 
that an organism instinctively avoids stimulus S1 and that stimulus S2 oc-
curs contiguously, both spatially and temporally with S1 in a series of trials. 
In many cases, the organism becomes conditioned to avoiding S2 and will 
do so when S2 occurs alone. The situation is similar for the conditioning 
approach to a stimulus. Pavlov’s dogs conditioned to salivate at the ringing 
of a bell are an example of this in mammals. 

Even so, from an external standpoint we can certainly judge that one 
stimulus that the organism is conditioned to is bad for its health, or certainly 
not as good as another to which it is also conditioned to approach. A study 
by Sheffield and Roby (1950) illustrates this nicely. Rats prefer water with 
saccharine in it, almost as much as they prefer water with sugar, even 
though the saccharine has no nutritional value. They easily become condi-
tioned to always choose the water with saccharine in it over plain water. Of 
course, given the widespread predilection of humans for Diet Coke or Diet 
Dr. Pepper over plain water, this result is not surprising. However, such ex-
periments are further testimony to the contextual character of the good. Diet 
Coke tastes good to us; water and saccharine taste good to rats. Nutritionists 
may even split the context further, while denying Diet Coke is at all useful 
nutritionally, some will maintain it is good because it replaces drinking 
something that is bad, namely, Classic Coke with lots of sugar, which pro-
motes obesity. 

2.3 Neuroscience of Conditioning 
With respect to the neuroscience of such conditioning, starting with simple 
organisms, the first thing to note is that behaviorally the change brought 
about by conditioning is not necessarily permanent, but it can certainly last 
for some days. In the context of these simple organisms, this can mean for a 
lifetime. Successful conditioning is not something transient like remember-
ing a telephone number or a numerical license plate for a few seconds or 
even minutes – usually seconds rather than minutes. 

Unless one is a dualist about Aplysia and the like, this means that the 
existence of a long-term change in the physical structure of the nervous sys-
tem of the Aplysia is accepted as a consequence of conditioning. The prob-
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lem is to find it. There has been some progress by Kandel (1985) and oth-
ers, but the results are as yet far from definitive. Better results were ob-
tained in the 1950s and 1960s with EEG and single-electrode experiments 
of a variety of kinds. These experiments, of which there were many, did not 
identify the physical changes in the cell structure that were of a semi-
permanent nature as a result of the conditioning. 

There were, however, many striking results at the level of the electric 
field, or more generally, at the level of the electric activity of single cells. 
For example, in some wonderful experiments, Doty and Giurgea (1961) 
showed the following. First, the stimulation of a given motor electrode, i.e., 
an electrode whose micro-tip was placed in a motor neuron, would lead to 
the natural limb movement of an animal. Now by the pairing (in the stan-
dard conditioning way) of sensory stimulation (the CS) with the natural US 
(the motor neuron), direct stimulation of the sensory neuron produced the 
limb movement. The logic of this is very similar to Pavlov’s dog experi-
ments, although the stimulation is directly delivered to the neurons. Impor-
tant from our viewpoint, cutting the transcortical connections between the 
two electrodes, CS and US, did not disturb the conditioning. This appears to 
be good evidence for the field carrying the conditioning from CS to US.  

This is just one example of many significant studies that are now rather 
neglected, but highly relevant to several subtle conceptual points about the 
mind and the brain. We give one human example. As long ago as 1935, Du-
rup and Fessard, two French neurophysiologists, studied the interruption of 
EEG recorded alpha waves by the sudden introduction of a bright light as a 
stimulus. This phenomenon came to be known as the ‘arousal pattern’. Du-
rup and Fessard recorded their observations by photographing the blocked 
alpha wave. After a while, they noticed that the blocking began before the 
light was shown. It was triggered by the earlier auditory click of the camera 
shutter. Pavlovian conditioning once again, but this time observed at the 
level of electrical activity in the brain. 

2.4 Conditioning at the Group Level 
We can also observe Pavlovian conditioning at the group level. For exam-
ple, macaque monkeys in the wild have at least six, and probably more, sig-
nals to warn each other of danger. From a conditioning standpoint, they can 
be thought of as working very much like Pavlovian conditioning from the 
standpoint of a single monkey. But when several are involved, there is a 
natural social interpretation in terms of a signal that can be true or false. For 
example, let Y1 be the yelp warning of a nearby snake climbing the tree. 
One monkey sees the snake and yelps Y1. Other nearby monkeys scramble 
to move away higher up in nearby trees. In contrast, the movement is 
downward or in hiding from Y2 which signals the presence of an eagle cir-
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cling above. There is no interesting grammar attached to these signals, but 
the semantic interpretation is clear. 

Interestingly, research indicates that a species can become conditioned 
to the alarm call system of another species. For example, hornbill birds un-
derstand Diana monkey warning yelps and respond accordingly (Rainey, 
Zuberbühler and Slater 2004). When prerecorded eagle shrieks or a mon-
key’s eagle alarm calls are played, hornbills react defensively, producing 
their own noisy alarm calls. When prerecorded leopard growls or a mon-
key’s leopard alarm calls are played, the hornbills rarely reacted. The rela-
tionship between the species is symbiotic: Diana monkeys use hornbill 
birdcalls as an early-warning system (Rainey, Zuberbühler and Slater 2004).  

Neal Miller’s (1959) prominent theory of approach-avoidance competi-
tion and conditioning can be used to account for such complex social-
behavior situations. Miller’s approach-avoidance analysis has close connec-
tions with the earlier introduction of good and bad habits discussed by Aris-
totle and others. We shall return to this in Section V.  

In sum, behaviorists presuppose that people can assess the goodness or 
badness of options and act on these assessments. They approach the good 
and avoid the bad, and in social situations they develop the true and the 
false to help each other. 

2.5 An Empirical Study of Habits 
The idea that people’s sense of what is true and what is false derives from 
their assessments of and reactions to the goodness or badness of options 
suggests that there is agreement among people’s assessment of what options 
are good or bad. However, many scholars doubt there is or can be wide-
spread agreement on what is good or bad. We test this apparently controver-
sial suggestion in a study of habits.  

Method 

575 adults, age 18-99, were paid between $5 and $15 to participate in the 
study. Across ages, there were an approximately equal number of males and 
females. The study had two parts. In the first part, participants were pre-
sented with a list of 20 habits: 1) smoke regularly; 2) exercise regularly; 3) 
bite nails often; 4) regularly on time for appointments; 5) watch TV too 
much; 6) regularly meet deadlines; 7) drink too much (alcohol); 8) too criti-
cal of friends; 9) wear a seat belt regularly; 10) eat dessert regularly; 11) too 
argumentative in conversation; 12) go to the movies regularly; 13) too un-
grateful of help; 14) leave a tip regularly; 15) shop at the same grocery store 
regularly; 16) too compulsively neat; 17) attend religious services regularly; 
18) drive aggressively; 19) diet regularly; and 20) late for appointments. 
Participants were asked to indicate which three habits on the list they con-
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sidered to be their worst and which three they considered to be their best. 
Specifically, participants read: ‘Of the habits listed on the following page, 
which do you see as your worst habits?’ and ‘Which do you see as your best 
habits?’ Participants were then asked to choose what they considered to be 
their three worst habits by putting an ‘X’ next to each of three habits on the 
list. They were also asked to choose what they considered to be their three 
best habits by putting an ‘X’ next to each of three habits on the list. 

In the second part, we asked participants open-ended rather than close-
ended questions for multiple reasons. First, we wanted to avoid the bias that 
might result from suggesting habits to participants. Second, we were curi-
ous about the kinds of good and bad habits participants would report as their 
best habits and worst habits. There may be widespread agreement about 
what are good habits and what are bad habits. However, the kinds of good 
habits and bad habits that participants report (e.g., habits that relate to self-
control, successes or failures, vs. grooming, hygienic or unhygienic) might 
vary a lot. For example, they might vary with age. Participants were asked: 
‘In general (not including the above habits), what bad habits do you have 
that you would like to change?’ and then ‘What good habits do you have 
that you would like to keep?’ Participants were told they could list as many 
bad and good habits as they liked. 

Results 

The first part of the questionnaire included close-ended responses. We cal-
culated the frequency of different ‘X’ responses for the best and worst hab-
its. Across all participants, there were a total of 2,606 Xs. An examination 
of the frequencies of Xs shows remarkably high agreement among partici-
pants as to which of their habits are good and which are bad (see Figure 1). 

There are two things to note about Figure 1. First, some of the habits 
listed were relatively infrequent. That is, regardless of whether they are a 
good or a bad habit, participants generally did not indicate having them. For 
example, nearly all participants who put an X next to smoking agreed that 
smoking was one of their worst habits. However, relatively fewer partici-
pants smoked, for instance compared to participants who indicated they 
drink too much alcohol. Second, only for a few habits, e.g., regularly going 
to the movies, had a roughly even split of Xs between worst and best. How-
ever, few participants singled these habits out. Overall, these results suggest 
that there was a very high level of agreement among participants as to what 
behaviors are good or bad. 
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Figure 1: Number of Habits Checked ‘Worst’ and ‘Best’  

 
A stronger test of people’s level of agreement about the good and the 

bad is to divide participants into subgroups based on factors known to affect 
judgments dramatically and compare the mean assessments of the sub-
groups. We assigned participants to groups depending on their age. Age is a 
variable that captures many socio-economic factors, e.g., income and gen-
eration, and individual differences, e.g., cognitive ability and emotionality, 
among people. Participants 50 years of age and over were assigned to the 
older adult group (n = 178; Mage = 68), while participants under the age of 
50 were assigned to the young adult group (n = 397; Mage = 21). We then 
redid the above analyses on each age group separately. Table 1 shows the 
results of these analyses by age group. 

Interestingly, even though they are on average nearly 50 years apart, the 
two groups gave strikingly similar responses. As Figure 2 shows, with only 
one or two exceptions, young adults’ ranking of habits in terms of their 
goodness and badness mirrored that of older adults. 
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 Young Old 

Habit 
#  

Worst 
# 

Best 
% 

Worst 
Rank 
Worst 

# 
Worst 

# 
Best 

% 
Worst 

Rank 
Worst 

         

Smoke regularly 55 0 100 1 17 4 78.6 12 

Too ungrateful of 
help 

49 1 98.0 2 19 1 95.0 7 

Watch TV too much 134 4 97.1 3 83 1 98.8 3 

Too critical of friends 105 6 94.6 5 39 1 97.5 4 

Late for 
appointments 

88 5 94.6 5 24 4 85.7 10 

Drive aggressively 97 8 92.4 6 23 1 95.8 6 

Bite nails often 83 7 92.2 7 13 1 92.9 8 

Too argumentative 
in conversation 

57 7 89.1 8 30 0 100 1 

Eat dessert regularly 55 8 87.3 9 83 3 96.5 5 

Drink too much 
(alcohol) 

55 10 84.6 10 18 0 100 2 

Too compulsively 
neat 

25 31 44.6 11 22 6 78.6 12 

Go to the movies 
regularly 

6 8 42.9 12 1 3 25.0 14 

Diet regularly 16 28 36.4 13 24 81 22.9 15 

Shop at the same 
grocery store 
regularly 

4 12 25.0 14 24 4 85.7 10 

Exercise regularly 17 144 10.6 15 32 93 25.6 13 

Wear a seat belt 
regularly  

6 126 4.6 17 8 96 7.7 17 

Leave a tip regularly 3 63 4.6 17 2 33 5.7 18 

Regularly on time for 
appointments 

3 118 2.5 18 0 77 0 20 

Regularly meet 
deadlines 

3 136 2.2 19 1 24 4.0 19 

Attend religious 
services regularly 

1 64 1.5 20 14 64 18.0 16 

TOTAL X’s 1648   958   

 
Table 1: Number and Percent of Habits Checked ‘Worst’ and ‘Best’ by Age Group 
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Figure 2: Percent Habits Checked ‘Worst’ by Younger vs. Older Adults 

 
In summary, the results from analyzing the closed-response data indi-

cate that there is a great degree of general recognition among people as to 
what is good versus bad, independent of age. 

Across all participants, there were a total of 1,727 habit responses to the 
open-ended questions. On average, for the open-ended questions, partici-
pants gave on average 1-2 good-habits responses and 1-2 bad-habits re-
sponses. Two judges (an independent judge and one of the authors) coded 
the open-ended responses. The coding was done without the knowledge of 
participants’ age, ethnicity, or gender. First, judges parsed participants’ re-
sponses in order to identify separate habits. Second, habit responses were 
then categorized into specific groups of habits. These specific habit groups 
were partly based on past research on habits. For example, substance addic-
tion has long been viewed as a habit. The protocol data itself also suggested 
specific habit groups. For example, many participants viewed aspects of in-
terpersonal relationships as habits. For example, they viewed being kind to 
others as a habit behavior. Responses were assigned to the following 15 
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categories of habits: time management, grooming, exercise, diet, car, media 
(TV, web, etc.), money issues, substance addictions (smoking, drinking, and 
drugs), personality traits, nervous tics, sleep issues, work/school duties, re-
ligion, organization/cleanliness, and interpersonal relations. 

As Figure 3 shows, participants’ best habits appeared much more often 
in some habit groups and their worst habits appeared much more often in 
other habit groups. For example, bad habits appeared more frequently in the 
domains of time management (F(1726) = 22.9, p < .0001 and diet (F(1726) 
= 11.24, p < .0008) compared to good habits which appeared more fre-
quently in the domain of exercise (F(1726) = 15.62, p < .0001).  

 

 
Figure 3: Percent Bad Habits and Good Habits by Habit Group 

 
We also analyzed the open-ended responses of young versus older par-

ticipants. We found some differences between age groups in terms of the 
kinds of habit behaviors they reported. Specifically, we found differences 
due to age in most (9) domains: time management, body care, diet, person-
ality traits, nervous tics, car, sleep issues, organization and cleaning, and in-



THE GOOD AND THE BAD, THE TRUE AND THE FALSE / 25 

 

terpersonal relationships (all p’s < .0005). Furthermore, we found signifi-
cant interactions between age and whether a habit was reported as good ver-
sus bad for five domains: body care, personality traits, nervous tics, car, and 
organization and cleaning (all p’s < .01), see Figures 4 and 5 for means and 
directions. 

 

 
Figure 4: Percent Bad Habits by Habit Group Based on the Open-Ended Responses 
of Young vs. Older Adults 
 

In summary, the results from analyzing the open-ended responses indi-
cate that the kinds of good habits and bad habits that participants report 
(e.g., habits that relate to self-control, successes or failures, vs. grooming, 
hygienic or unhygienic) can vary a lot, but in contrast classification as being 
good or bad is relatively constant across the entire sample, young and old. 
This lends considerable credence to the claim that there is wide agreement 
on what is good and what is bad. 
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Figure 5: Percent Good Habits by Habit Type Based on the Protocols of Young vs. 
Older Adults 
 

 

3 The True and the False 
3.1 The Role of Associations 
From the standpoint of learning, individual animals, such as Aplysia, which 
seem to communicate little to other members of their species, need only the 
concepts of approach, avoidance and conditioning. In species of a more 
complex nature, these concepts also lead up to the good and the bad. The 
need for a concept of truth seems minimal for Aplysia. But once animals of 
a given species begin to socialize with one another, simple signals but defi-
nite meaning, i.e. ones with little syntax, can have a natural interpretation as 
being true or false, as described earlier for macaque monkeys. And as also 
mentioned there, can even lead to signaling, e.g., warnings of predators, be-
ing understood across species. 
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Some philosophers, we are sure, would admit these simple cases of the 
true and the false, but not grant them any important epistemological or logi-
cal significance in giving an account of truth. One purpose of this section is 
to argue that this is a mistaken view. We review briefly the line of argument 
given in more technical detail by Suppes and Beziau (2003). 

Philosophers discuss at length various theories of truth, – coherence 
theory, correspondence theory, problems of direct reference, sense and de-
notation, and so on –, but, curiously, do not give an account of how we ac-
tually perform truth computations, and even less why we are able to per-
form them so quickly. Philosophers who claim that ‘Paris is the capital of 
France’ is true because Paris is the capital of France are generally not inter-
ested in explaining how we actually compute the answer. But, since such 
sentences are almost never remembered, or even previously encountered, a 
computation is necessary. 

Logicians also do not solve these problems. If we want to describe how 
one answers a question like ‘Is 49 + 13 equal to 61?’, it is certainly wrong 
to look at the logical foundation of arithmetic, whether it is proof-
theoretical or model-theoretical. We answer such a question by using a se-
ries of small computational algorithms and tricks, not by looking for a for-
mal proof from a set of axioms, or by finding a model in which the axioms 
are true and 49 + 13 = 61 is false. In the case of a question like ‘Is Rome the 
capital of France?’, it is even more doubtful that we are trying to deduce the 
truth or falsity of the sentence from a set of axioms, or by using a truth-
table. 

Moreover, it is misleading to say that we are making a deduction to ar-
rive at the conclusion that ‘Rome is the capital of France’ is false, unless we 
strongly emphasize that deduction does not reduce to the narrow meaning of 
deduction in formal logic. To avoid misunderstanding, it is better to say that 
we are here trying to describe how we compute the truth and falsity of such 
a sentence. 

In a recent work on computational semantics, the authors, Blackburn 
and Bos (1999), say: 

The book is devoted to introducing techniques for tackling the following 
two questions: 
1. How can we automate the process of associating semantic representa-
tions with expressions of natural language? 
2. How can we use logical representations of natural language expressions 
to automate the process of drawing inferences?  
(Blackburn and Bos 1999: iii) 

Their idea is to find some algorithms to translate natural language into the 
language of first-order logic to represent the meaning of natural-language 
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sentences, and then to find some additional algorithms to make inferences 
with these first-order translations. The two steps seem wrong for our pur-
pose. It is doubtful that our brains use first-order logic to compute empirical 
truths. Both AI researchers and computational linguists have been over-
influenced by formal logic. They do not deal directly with the problem of 
finding the obvious truth or falsity of atomic statements like ‘Rome is the 
capital of France.’ 

We share with AI researchers an emphasis on associations (sometimes 
in AI, ‘semantics networks’ are also called ‘associative networks’). When 
answering a question such as ‘Is Paris the capital of France?’, we are using 
notions which are associated with the input, like Eiffel Tower with Paris, or 
country with capital. Our purpose here is to try to explain the mechanism of 
such associations, in connection with the question of truth and falsity. But 
our description should not depend crucially on language, even though we 
are working with linguistic examples, since we think that this mechanism 
also has a common root in processes involving any language, nonverbal 
animal behavior, and stimulus-response phenomena in general. 

The viewpoint here is that an associative network is a set of nodes with 
links between them. One central question is how an associative network is 
organized. We will not present any general theory of such organization, but 
will focus our attention on how truth computations fit into associative net-
works. For us ‘true’ is here no mysterious entity, but a word in the associa-
tive network, like ‘Paris’ or ‘capital’. Our main task is to explain, given an 
input like ‘Paris is the capital of France’, what happens in the associative 
network. Our idea is that ‘true’ or ‘false’ become linked with ‘Paris is the 
capital of France’, on the basis of some already existing associative links. 
We suppose here that these links are fixed, that they correspond to associa-
tions already learned. Of course, for more general problems, the links have 
to be considered dynamically. For a detailed proof, for example, that gram-
mars can be learned just from associations or conditioning connections, see 
Suppes (1969). 

Our approach is similar to earlier work on semantic networks (Lehman 
1992). The most important difference is the detailed consideration of the 
dynamics of the computation of truth, starting with the dependence on an 
explicit external cause of activation, i.e., an auditory or visual verbal stimu-
lus being presented to a person. And this activation is followed by spreading 
activation internally to other nodes not directly activated by the stimulus. 

Thus, ideas on which our model is based are the classical psychological 
concepts of association, activation, and spreading of activation. But these 
old ideas, which really go back to Hume, have not used by philosophers or 
logicians as a basis of natural psychological computation. This interlude on 
the true and the false has only meant to sketch how the basic concepts 
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needed for a psychological theory of the good and the bad work very well 
for the true and the false. If you want, these ideas are easily extended to a 
similar associative psychological account of subjective probability, see 
Suppes (Forthcoming). 

3.2 The Cognitive Revolution: From Behavior to Information 
As discussed above, in the behaviorism that dominated American psychol-
ogy from roughly 1920 to 1970, the concept of good and bad reinforcement, 
i.e., positive and negative reinforcement, was central to learning. Informa-
tion about what is true was not explicitly emphasized. In contrast, the cogni-
tive revolution of the 1960s and 1970s emphasized information rather than 
the behavior and the effects of reinforcement. 

Indeed, one of the antecedents of the cognitive revolution was informa-
tion processing theory. In the information processing view, people are seen 
as taking information into a perceptual system, selectively attending to 
some of it, encoding or transforming it for use by their cognitive faculties, 
storing it in memory, and later retrieving it from memory when an appropri-
ate retrieval cue is activated (for a summary, see Brown and Craik 2000). 
Accordingly, as interest in information processing grew, so did interest in 
the analysis of perception, attention, immediate sensory memories, short-
term memory, and the structure of long-term memory.  

Researchers such as Newell and Simon (1961) developed computer 
models of cognition that incorporated the activities and structures involved 
in information processing. For example, their computer models included a 
central processor that corresponds to short-term memory in the human 
mind. Newell and Simon’s computer programs attempted to simulate spe-
cific thought processes. Much good work was done by exploring this com-
puter analogy, as a way to understand better the activities of brains (the 
hardware) and minds (the software). It is not our purpose to criticize it here, 
but only to note that it did not create a revolution in the theory of rational-
ity, nor did it lead to any radical revisions of the rational theory of choice or 
decision much cherished by economists and statisticians. Again, we empha-
size we believe there is much in this decision-theoretic work of permanent 
value. We only question its full adequacy as a theory of rationality. 

4 Implications for Rationality 
4.1 Limitations of Preference Theory 

Past research has identified many limitations of preference theory. For ex-
ample, contrary to preference theory, research in cognitive psychology 
demonstrates that people often do not have predefined preferences to refer 
to when making their choices. They do not know what they like beforehand. 
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Instead, people construct their preferences on-the-spot and as needed in or-
der to solve choice problems (Bettman, Luce and Payne 1998). 

Evidence for this constructivist view derives from many studies show-
ing inconsistencies in people’s choice behavior, so-called violations of ra-
tional choice. These studies identify numerous choice-problem factors (e.g., 
task and context; see Simonson and Tversky 1992 and Tversky, Sattath and 
Slovic 1988) that systematically, and often dramatically, influence choice 
making even though, according to principles of rationality, they should not. 
For example, the framing of choices can cause reversals in choice behavior 
even though the consequences of choices are formally identical. A classic 
example of framing is Tversky and Kahneman’s (1981) ‘lives saved’ vs. 
‘lives lost’ problem: 

Imagine that the U.S. is preparing for the outbreak of an unusual 

Asian disease, which is expected to kill 600 people. Two alterna-

tive programs to combat the disease have been proposed. Assume 

that the exact scientific estimates of the consequences of the pro-

grams are as follows. Which of the two programs would you fa-

vor? 

Participants either viewed the lives-saved frame: 

If program A is adopted, 200 people will be saved. If program B is 

adopted, there is a one-third probability that 600 people will be 

saved and a two-thirds probability that no people will be saved. 

Or the lives-lost frame: 

If program C is adopted, 400 people will die. If program D is adopted, 
there is a one-third probability that nobody will die and a two-thirds prob-
ability that 600 people will die. 

In the lives-saved condition, 72% chose A, the safe-and-sure strategy, 
but only 28% chose program B, the risky strategy. In the lives-lost condi-
tion, 22% voted for the conservative strategy C while 72% opted for the 
risky strategy D. Although the objective information about choice outcomes 
(i.e., the truth information) is the same between frames, people’s assessment 
of which plan is better differs between frames. 

Research indicates that such inconsistencies in choice behavior and 
violations of preference theory that are due to factors such as decision 
frames are not mainly the result of people having bounded rationality 
(Simon 1955). The nonconformity of people’s choice behavior is also 
driven by nonconscious as well as motivational forces, e.g., habits and 
emotions, respectively. Thus, the view that people’s failure to adhere to the 
tenets of preference theory can be parsimoniously explained by their 
bounded rationality is simply wrong, minimally incomplete.  
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5 Our Aristotelian View of Rationality 

We endorse the Aristotelian notion of rationality. For Aristotle, rationality 
is having good habits. In the introductory section, we quoted from a well-
known passage of Aristotle (1095b2-5) in which he states, in language that 
is more familiar in discussions with our children than it is in the halls of 
psychology, about being ‘well brought up in good habits if one is going to 
listen adequately to lectures about things noble and just.’ But this is just a 
more or less literal translation of Aristotle’s language. In modern terms it 
would be formulated in terms of the kind of environment in which the child 
had been raised and what kinds of habits had been inculcated in that envi-
ronment. The point is one that is much neglected about Aristotle’s concep-
tion of rationality. The most prominent classical view is that he is famous 
for having a view of rationality that centers on the giving of good reasons 
for an action. There is much is to be said for this view and it’s important in 
the mature adult that such reasons are indeed used and play a role. What is 
neglected is Aristotle’s clear understanding that it is not possible really to 
reach this position of maturity without developing, first, proper habits, so 
that one can learn and be taught in appropriate fashion. He is very clear also 
on the fact that it is not a matter of teaching explicit rules and giving spe-
cific explicit instructions, but it is the kind of learning that comes from be-
ing in proper circumstances, in for example, a proper sort of school or a 
proper family. Now put in such language of ‘being proper’ this sounds very 
inappropriate to our modern liberal and egalitarian culture, but translated, it 
is very much the kind of thing that has been attempted in all kinds of educa-
tional programs meant to shore up the background of young children. It is 
also clear to anyone the least bit familiar with modern conceptions of how 
nursery schools, day-care centers, and kindergartens are run, that explicit 
teaching of rules is not what is important but it is creating a kind of envi-
ronment that leads to natural learning of appropriate habits. There is in fact 
in modern theories of learning, both for man and machine, a very natural 
distinction to be made here. It is that between supervised and unsupervised 
learning. It is a fact well recognized by Aristotle and much to be empha-
sized, we think, that many of the good habits that are important for all of us 
are ones that come not from supervised but from unsupervised learning. 
They come from those basic processes of association that work in appropri-
ate ways given the opportunity. Creating the opportunity for unsupervised 
learning has been much of the focus of the deliberate educational framing of 
the early training of the young. 

We have not developed anything like a theory of learning good habits, 
but we have stressed in our earlier discussion, and have brought out in the 
empirical study we conducted, how much agreement there is, in very broad 
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terms, on the concept of a good or a bad habit. If you look at the list given 
earlier, it’s also quite clear that this list primarily consists of habits that are 
unsupervised in their learning. Almost nothing occurs there that constitutes 
a formal part of the school curriculum, but they do constitute a part of the 
school environment. The students who, for example, do not know how to 
behave socially simply cannot be in a position to receive the regular school 
instruction. Such students, as is well known, are often placed in some kind 
of separate environment and given a great deal of special tutelage, in order 
to return them to the regular classroom after progress has been made, in the 
best sort of case, or as a necessary alternative, continue them in such special 
environments for many years. 

What we are saying here about Aristotle’s developmental outlook is one 
that we also endorse. There have been some nice recent studies of learning 
and habituation in Aristotle’s thinking about the virtues. We mention espe-
cially Burnyeat (1999) and Sherman (1999). Of course the framework of 
this article is not such that we can pursue in depth the nature of learning that 
occurs in the acquisition of habits. We do this in a longer and more formal 
article now in progress (Suppes, Drolet and Bodapati 2005). Without going 
into detailed matters of learning, we do want to make more explicit in these 
final remarks the way in which we think habits replace the ordinary consid-
eration of preferences and the maximization of expected utility. What we 
have to say is developed more thoroughly in Suppes (2001). 

Habits constitute restraints, in the standard mathematical sense of con-
straints, on the choices we make. We do not consciously think of our habits 
in making choices, but concentrate, so far as we exercise conscious dis-
crimination at all, in choosing one thing rather than another, in such a way 
as to satisfy the appropriate constraints. For example, Jones is at the stage of 
his life where he very much prefers wine to beer. At an ordinary dinner in a 
restaurant, faced with a menu, he only thinks about the choice of wine, and 
almost never considers beer. He doesn’t go through any deliberate, rational 
analysis of the virtues of wine over beer, because of the constraint already 
established by long-settled habits. He accepts the constraint without even 
thinking or being conscious of it. He can, of course, at another time and for 
another purpose, make himself conscious of having this constraint. But the 
important point about habits is that in the act of choosing itself, we do not 
ordinarily pay conscious attention to the habits we have. 

This is not to say that such conscious occasions can never occur. It is 
the stuff of family drama and the essence of many good novels for a person, 
real or fictitious, to face up to habits that must be broken, in order to make a 
choice that is much more important and meaningful to the person than any 
breaking of habits of old. But this is the exceptional situation—one that we 
can, of course, describe. Yet it is important to get the usual regime of choos-
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ing properly thought out. In fact, in the context of this article, we will not 
attempt to give a serious discussion of when we want to breach our con-
straints, that is, our habits, and go for something unusual, challenging or 
even frightening. This is an important topic, but one that can be left to the 
side, because of the low frequency of such choices, and the necessity of 
having a much better view of the usual kind of choices we make, from the 
dramatic ones of buying houses to the trivial ones of buying groceries. 

So, we emphasize, the habits of a lifetime, as the saying goes, present 
constraints that are ordinarily satisfied. But the constraints do not fix the 
choice. Jones’ strong constraint of always choosing wine, and never beer, 
does not in any way determine the particular choice of wine on a given oc-
casion. 

You may think that we are next going to say that we have come upon 
the proper role for maximization, namely, to maximize our choices subject 
to the constraints of habits. But we will not even accept the traditional the-
ory of maximizing expected utility in this reduced role. To give you a sense 
of the organization of the ideas about rationality we are presenting, the next 
step after habits is to let the free associations of the moment make the 
choice as freely and as easily as possible. We won’t say much about these 
associations here, but they are meant just to replace, not just maximization, 
but even Simon’s (1955) satisficing of bounded rationality. 

Let us be explicit about what we want to mean by free associations. We 
have in mind a hierarchical conception of how we make rational choices. To 
begin with, we must satisfy our habits. With satisfaction of the constraints 
given by habits we are then left with an unresolved set of choices. How 
should we choose from this set? The classical utilitarian method is by 
maximizing utility, but we have already expressed our skepticism about this 
classic theory. For us, the rational individual, who is choosing, is one who is 
freely associating and selecting that one of the available set that seems most 
attractive, because of the depth of past associations that are brought up, as 
can be the case in buying a house, or, in other instances, by the association 
to anticipated events. Often, a glimpse at something attractive nearby sets 
off the train of associations. Belief in the relatively high frequency of this 
last case is a fundamental tenet of advertising. 

The immediate reaction of some readers may be to challenge this prob-
abilistic mechanism of choice as normal. They may recall (perhaps we 
should say, associate) their earlier encounter with the literature of psycho-
analysis and its emphasis on the central role of free association in interpret-
ing dreams or analyzing repressions, slips of the tongue, and many other 
phenomena. But the central role of association in our mental life was not a 
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Freudian discovery. It goes back at least to Aristotle and was central to 
Hume’s theory of human nature. 

To make another point, we want to say something more explicit about 
what we mean by free associations, since the general theory of associations 
covers a large part of executing practical activities. In such activities the as-
sociations are not free, but strongly conditioned in a fixed sequence to ac-
complish the task at hand. As the standard phrase goes, they have become 
automatic. Free associations are of a different sort, weak rather than strong, 
used in search of memory, for example, but here just because the automatic 
method is not working. Free associations are more characteristic during 
moments of meditation or reverie, but also as unexpected intrusions of im-
ages unrelated to the task at hand, prompted by any of a great variety of 
possibilities. 

The message we are trumpeting is that of learning to recognize the 
guidance and the help we can get from such associations, or perhaps even 
more, from those that do not rise to consciousness, but that are expressed in 
action by our actual choices. We often describe such choices as instinctual, 
as ‘I like what I like and I can’t say why’, or as ‘the one that seemed famil-
iar but I can’t explain why’. It is widely recognized that when such a re-
sponse is given, it is artificial and inappropriate to insist on further explana-
tion. It is a mark of the social habits Aristotle thought so important not to 
ask. 
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