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Imagine that you are presented with four double-sided cards (each with a letter on one 
side and a number on the other side) and the following claim: If a card has a vowel on 
one side, then it has an even number on the other side. You are allowed to turn over two 
cards to test whether the claim is true. Go ahead and give it a try. Which two cards would 
you turn over to test the claim? The solution and logical rationale to this problem are 
shown in Figure 12.2. If we represent the claim as the major premise of a conditional 
argument, we get the following:

If a card has a vowel (p), then it has an even number on the other side (q).

We should select the cards that correspond to the minor premises in the two valid 
arguments. In other words, we need to look for evidence like that in the (a) and (b) argu-
ments. This corresponds to the A and 7 cards. Don’t worry if you didn’t get the right 
answer; less than 10 percent of people pick both of these cards (Oaksford & Chater, 
1994; Klauer, Stahl & Erdfelder, 2007; Wason & Johnson-Laird, 1972). Let’s quickly walk 
through the logic. We want to turn over any cards with vowels (p). If we turn over the A 
card and it has an odd number, then we know the claim is invalid. Most people do select 
this card, but it is not enough to fully test the claim. We also need to turn over any card 
that corresponds to “not q.” That would be any card that doesn’t have an even  
number—in this case the 7 card. If that card has a vowel on the other side, then we also 
know the claim is invalid. Turning over the D or 4 card doesn’t help us. Whether the 
number on the other side of the D card is odd or even says nothing about the claim 
because D isn’t a vowel. Turning over the 4 doesn’t help because the letter on the other 
side doesn’t matter (this is the second most common card people select). If it is a vowel, 
it is consistent with the claim, but if it is a consonant, that’s okay too. The claim doesn’t 
say anything about consonants, so finding an even number on the card with a consonant 
doesn’t violate the claim.

As was the case with the earlier syllogisms, the rules of logic should apply regardless 
of the context. You probably had trouble with the version of Wason’s four-card task pre-
sented in Figure 12.1. However, if we change the context of the argument, it can have an 
impact on how we reason about it. Wason and Shapiro (1971) gave a version of the task 
within a traveling context. Imagine that the cards have a location on one side and a 
method of travel on the other (see Figure 12.3). The claim to be tested is “Every time I 
go to Chicago I take the train.” Which cards should you turn over to test this claim? 
Most people find this version of the task easier. You should turn over the Chicago  
card but not the New York City card (it doesn’t matter how you got to New York). Your 

Wason 4-Card Task Activity

“If a card has a vowel on one side, then it has an even number on the other side.”
If we can only turn over two cards, how can we test the validity of this statement?

Figure Wason’s (1968) Four-Card Task12.1
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second card should be the plane card. If the other side has Chicago on it, then that vio-
lates the argument (you got to Chicago via a method other than the train). The train 
card just tells you where you went by train; it could be Chicago, but it could also be 
somewhere else. Again, it doesn’t matter what is on the other side of the train card. 
Griggs and Cox (1982) had participants imagine that they were a police officer assigned 
to enforce a law requiring those who drink alcohol to be at least twenty-one years of age. 
The cards represent different patrons in a bar (see Figure 12.4). One side of the card lists 
what a person is drinking and the other side lists the person’s age. Which patrons should 
the police officer check? (After you’ve made your guesses, check Figure 12.5 for the 
answer.) Griggs and Cox’s participants had little trouble recognizing that there was no 
point in checking the person drinking soda or the person who was over twenty-one. 
Over 75 percent of their participants made the correct card choices.

If p then q
p

If p then q
Not p

If p then q
Not q

If p then q
q

valid validfallacy fallacy

“If a card has a vowel on one side, then it has an even number on the other side.”
If we can only turn over two cards, how can we test the validity of this statement?

Assume p = a card has a vowel on one side
Assume q = a card has an even number on the other side

Figure Solution to Wason’s (1968) Four-Card Task12.2

Adapted Wason 4-Card 
Task Activity

“Every time l go to Chicago, l take the train”
If we can only turn over two cards, how can we test the validity of this statement?

Chicago New York City Train Plane

Figure Travel Version of Wason’s Four-Card Task12.3
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Research like this demonstrates that while we often aren’t good at logical reasoning, 
we do use it in some contexts. The following section briefly reviews some of the theo-
retical approaches proposed to explain how and when we reason logically, why we find 
some arguments more difficult than others, and why we make particular errors.

Deductive-Reasoning Approaches

Generally, deductive reasoning involves understanding and representing the premises, 
combining these representations, and drawing a conclusion. Many theories have been 
proposed to explain how we deductively reason. Roberts (2005) classifies these into 
three general approaches: conclusion identification, representation explanations, and 
surface (or heuristic) approaches.

Conclusion Interpretation Approaches
These approaches propose that errors arise from general biases against making particu-
lar conclusions (e.g., Dickstein, 1981; Revlis, 1975; Roberts & Sykes, 2005). For example, 
people may be reluctant to make “no valid conclusion” responses because they feel that 
this is an uninformative conclusion. Another error may result because the order of the 
terms can be reversed (“called conversion”) in some premises but not in others. For 
example, “Some ants are insects” and “Some insects are ants” are logically equivalent. 
However, “All ants are insects” and “All insects are ants” are not.

Representation-Explanation Approaches
Theories of this type focus on how we represent the arguments. The difficulty of an argu-
ment and the likelihood of making an error are the result of either incomplete informa-
tion or incorrect representation of the argument. If your idea that your roommate would 
not want to exclude you is not correct (i.e., maybe she was really hungry and decided 
getting dinner before the movie was more important than making sure you had dinner 
with her), then your reasoning that she had gone to the earlier movie may be incorrect 
because you did not accurately represent your roommate’s current priorities in your 
mind as you thought through the problem of which movie theater you should go to in 
order to meet up with her. Reasoning that requires complex chains of rules places 
demands on our working memory. The higher the demands, the more difficult the rea-
soning. Real-world problems, like that of our movie example, typically involve much 

“If a person is drinking a beer, then the person must be over 21 years of age.”
If we can only turn over two cards, how can we test the validity of this statement?

22 years of age 16 years of age

Figure Contextualized Version of Wason’s Four-Card Task12.4
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uncertainty and incomplete information in 
which it is difficult, if not impossible, to think 
through all possible reasoning steps. One of the 
major differences across different theories is the 
kind of representation that is assumed.

Mental logic theories (e.g., Braine, 1978; 
Rips, 1994) propose that our deductive reason-
ing proceeds by applying a set of rules. Some of 
these theories propose context-free (so what the 
argument is about doesn’t matter) rules that 
operate on propositional representations of the 
premises. Propositional representations are 
statements that are either true or false (see 
Chapters 9 and 10 for more discussion of propo-
sitions). Other theories propose that the context 
of the rules does matter. Cheng and Holyoak 
(1985) proposed that we reason using sets of 
rules defined with respect to particular goals 
(e.g., permissions, obligations, and causation) 
learned through ordinary day-to-day experi-
ences. In contrast, Cosmides (1989) has argued 
that we have evolved to reason using rules related 
to social exchanges. For example, we may be 
born knowing a rule along the lines of “if I do 
something for you, then you do something for 
me.” In other words, our reasoning is based on a 
kind of benefit-cost rule. However, not all 
approaches are based on applying mental rules.

One of the most influential theories of reasoning was proposed by Philip Johnson-
Laird and his colleagues (e.g., Johnson-Laird, 2001). This theory proposes that reasoning 

12.1.	 Are the arguments discussed in the Conditional 
Reasoning section representative of the kinds of 
arguments you face in your day-to-day experience? If not, 
how are they different?

12.2.	 Consider the following argument: All Introduction to 
Psychology courses are taught in large sections, and 
all large-section courses use multiple-choice exams. 
Therefore my Introduction to Psychology course will use 
multiple-choice exams. Is this a valid argument? Do you 
think it follows the “rules of logic”? Would you change 
your mind if you learned that the section of your course is 
being taught by a new professor?

12.3.	 Consider the following argument: If I study every term on 
the review sheet, then I will get an A on the exam. I studied 
hard, therefore I will get an A. Are these valid arguments? 
Do you think that they follow the “rules of logic”?

12.4.	 Do you generally consider yourself a “logical thinker”? 
When you reason about things, do you usually think 
through all aspects of an argument, or do you usually 
focus on just a few?

Stop and Think

“If a person is drinking a beer, then the person must be over 21 years of age.”
If we can only turn over two cards, how can we test the validity of this statement?

22 years
of age

16 years
of age

If p then q
q

If p then q
Not p

If p then q
Not q

If p then q
p

fallacyfallacy valid valid

Assume p = a person is drinking a beer
Assume q = a person must be over 21 years of age

Figure Solution to the Contextualized Version of Wason’s Four-Card Task12.5
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proceeds through three stages. The first stage is model construction of the premises by 
building mental models of the world described by the premises. A mental model is essen-
tially a simulation of the spatial relations, events, and processes. For example, Figure 12.6 
shows the possible worlds described by the four basic premises we discussed earlier. 
Notice that many of the premises correspond to multiple mental models of the world. For 
example, the top left corner of Figure 12.6 shows the situations described by the premise 
“All ants are insects.” It could be that ants are a subset of insects, or it could be that ants 
make up the entire set of things that are insects. Both are logical possibilities. The second 
stage of the model is conclusion-formulation. In this stage the mental models of premises 
are integrated such that consistent models are conjoined and inconsistent ones are dis-
carded. Figure 12.7 depicts this for the argument “All ants are insects” and “All insects are 
animals.” There are two mental models for each of the premises. Combining each of these 
results in four possible integrated models. The final stage is the conclusion-validation 
stage. In this stage we look for models that would falsify the conclusion. In our example, 
the conclusion is about the relationship between ants and animals, so we can simplify the 
mental models by removing the information about insects. What remains are two mental 
models about ants and animals. Both are consistent with the conclusion premise, so we 
can conclude that this is a valid argument. Essentially, we reason that an argument is 
valid unless we identify a mental model that falsifies it.

The model predicts that working-memory limitations (see Chapter 5 for further 
discussion of working memory) interact with the reasoning processes. The more men-
tal models required to evaluate the argument, the more difficult and error prone our 
reasoning is because we cannot consider all of the models at one time. This exceeds 
our working-memory limit. For example, the premise “Some ants are insects” has four 

All A’s are B’s
“Universal Affirmative”

Some A’s are B’s
“Particular Affirmative”

Some A’s are not B’s
“Particular Negative”

Insects
Insects

Insects

Insects

Insects
Insects Insects

Insects

Insects
AntsAnts

Ants

Ants
Ants

Insects

Ants
Ants

Ants

Ants

Antsor

or or

or

or

or or

No A’s are B’s
“Universal Negative”

Premises

Figure Mental Model Representations of Possible Premises With the Quantifiers All, No,  
	 Some, and Some Are Not

12.6

The labeled circles represent the set of ants and set of insects.
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mental models to consider. If we were to combine it with “Some insects are animals,” 
which also has four mental models, we would have sixteen integrated models to con-
sider. If we don’t consider all of the models, we may miss the critical one(s) that falsi-
fies the premise in the conclusion.

Surface Approaches
Surface approaches propose that reasoning relies primarily on general heuristics focused 
on the surface properties of the quantifiers in the argument (e.g., Wetherick & Gilhooly, 
1990; Woodworth & Sells, 1935) rather than on reasoning analytically. For example, if 
the argument contains premises about universals (all and no), then the conclusion prob-
ably is a universal. Or if the argument contains a negative premise (no or some . . . not), 
then the conclusion will be negative.

Chater and Oaksford (1999) proposed the probability heuristics model. Their pro-
posal is that everyday reasoning is not based on logic but rather on probability. Rather 
than treating the premises as statements of truth, the probability heuristics model ana-
lyzes the probability of the premises and the strength of the argument. Consider the 
probability of something being an ant given the premise “All ants are insects.” There is a 
100 percent chance that something is an insect, given that it is an ant. Similarly, if the 
premise is “No ants are insects,” there is a 0 percent chance that something is an insect 
given that it is an ant. For the other two premises (some and some . . . not) the probability 
will be somewhere from 0 percent to 100 percent. However, in everyday life we rarely 

Stage 1: Model Construction

Stage 2: Conclusion-Formulation
Combining these two premises, and the four possibilities give us:

So to evaluate “All A’s are C’s” we can remove the B’s and we get:
Stage 3: Conclusion-Validation
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Now consider the following professions: computer science, engineering, business 
administration, law, education, and social science. Rank in order, from 1 to 5, the likeli-
hood that Tom W is a graduate student in one of these fields (1 = most likely, 5 = least 
likely). If you are like most people, you probably ranked computer science and engineer-
ing high on your list and education and social science low. However, computer science 
and engineering typically have many fewer students than education and social sciences 
fields. Given the relative size of the fields, it would be better to predict that Tom was a 
student in the larger fields. Instead, you probably picked up on some of the characteris-
tics of Tom (e.g., likes sci-fi and corny puns, is neat and tidy, and doesn’t generally inter-
act with others) and identified these characteristics as ones you associate with your 
stereotype of computer scientists and engineers. This is referred to as the representa-
tiveness bias. There may be some truth in stereotypes. The predictions that follow from 
the hypothesis may turn out to be correct. However, sometimes they are wrong. In Tom’s 

Representativeness bias: 
a bias in reasoning where 
stereotypes are relied on to make 
judgments and solve problems
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authors interpreted these results as indicating that the bias of the representativeness  
heuristic results not from a failure to recognize conflicting information but from a failure 
to inhibit making stereotypic responses.

While our understanding of the massively complex underlying neural circuits 
involved in our reasoning and decision making is still in the very early stages, the multi-
disciplinary collaborative approaches that bring cognitive psychologists, economists, 
and neuroscientists together hold a bright promise. The integration of the insights, 
methods, and theories of the diverse disciplines is quickly advancing our level of under-
standing of how we reason and make decisions.

As you read the following summary of a research study in 
psychology, think about the following questions:

1.	 What kind of reasoning is being examined in this 
study?

2.	 What are the independent variables in this study?

3.	 What are the dependent variables in this  
study?
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Figure The Behavioral Results of the Decisions Made in the De Neys et al. (2008) Study12.9

For  the congruent control condition, correct answers were consistent with both base-rate and stereotypic cues. For the heuristic 
control condition, correct answers were consistent with stereotypic cues. For the neutral control condition, correct answers were 
consistent with base-rate consistent  information. For the incongruent conditions, both  answers were considered correct—one re-
flected the stereotypic cues, the other the base-rate cues.
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4.	 What alternative explanations can you come up 
with to explain the results of this study?

Study Reference
De Neys, W. (2006). Dual processing in reasoning: Two 

systems but one reasoner. Psychological Science, 17(5), 
428–433.

Purpose of the study: The research was designed to 
examine the impact of working-memory capacity on 
syllogistic reasoning. The dual-process description  
of reasoning was tested using a task where cognitive load 
was manipulated.

Method of the study: Participants were asked to evaluate 
syllogistic arguments such as the following:
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SOURCE: Figure 2, De Neys, W. (2006). Dual processing in reasoning: Two systems but one reasoner. Psychological Science, 
17(5), 428–433.
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has feathers and can fly. Rips (1975) and others have demonstrated that we also reason 
in a similar way across categories. For example, suppose we are told that sparrows have 
a disease. Then we are asked how likely it is that robins and squirrels living in the same 
area might have the same disease. We make predictions about the likelihood that they 
have the disease using inductive reasoning. This research is discussed in detail in 
Chapter 10.

Causal Reasoning
One of our fundamental human behaviors is to attempt to understand how the world 
around us works. We generally believe in a universe where there is cause and effect. In 
other words, things happen for a reason. Generally, causal reasoning infers cause-and-
effect relationships between two events that occur together either in space or time. If we 
know the cause-and-effect relationships between events, then we can make predictions 
about, or even control, our environments. For example, suppose that one day you wake 
up feeling like you are coming down with a cold. You think back and remember that your 
friend accidentally sneezed on you the previous evening, and you come to the conclu-
sion that his sneeze caused you to get sick (see Photo 12.2). In the future, if your friend 
is sick, you decide to avoid him until he gets better. Research suggests two factors are 
important when we draw causal conclusions: identifying the covariation between the 
two events and believing that there is a mechanism for the causal relationship. In our 
example, the sneezing event happened in close temporal proximity (“the previous eve-
ning”), and it preceded your feeling sick. This corresponds to the covariation aspect of 
the situation—how often the two events co-occur. Your causal belief may further include 
beliefs that germs are transmitted from one person to another and that cold symptoms 
are the body’s reaction to germs (i.e., the cold virus).

Co-occurrence is necessary for one thing to cause another. However, 
many things covary together. We also should consider how often events 
do not co-occur. For example, are there times when somebody sneezes 
on us and we don’t get sick? Or times when we get a cold without some-
body sneezing on us? Cheng and Novick (1992) proposed a model in 
which our causal reasoning is based on these probabilities. The essen-
tial idea of the model is that the strength of our causal belief is a func-
tion of the difference between the probabilities of an event happening 
(e.g., getting a cold) with and without the causal event (e.g., being 
sneezed on and not being sneezed on).

However, as you may remember from Chapter 1, correlation is not 
the same as causation. For one thing to cause another thing, there must 
be a mechanism that connects the two processes (germs, in our exam-
ple). Beliefs about the mechanisms that underlie the causal relationship 
are also important factors in our causal reasoning processes. This was 
demonstrated in a study conducted by Fugelsang, Thompson, and 
Dunbar (2006). They presented participants with brief stories contain-
ing an event and a possible cause of the event. Participants were asked 
to rate the likelihood that the cause was responsible for the effect. Across 
several experiments the researchers manipulated the degree of covaria-
tion between the cause and event, the believability of the causal power 
linking the cause and event, and the familiarity and imageability of the 
causal mechanisms. For example, consider their causal story about slip-

pery roads. All versions started with “Imagine that you are a researcher for the ministry 
of transportation who is trying to determine the cause of slippery roads in townships.” 
This was then followed by one of four potential causal hypotheses that varied with 
respect to different factors.
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Photo 12.2  Causal reasoning: If you get a cold after 
your friend sneezes on you, do you blame your friend?

Assessing Our Confidence
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High belief and high covariation: “You have a hypothesis that the slippery roads may 
be due to ice storms.”

Low belief and high covariation: “You have a hypothesis that the slippery roads may 
be due to slippery sidewalks.”

High belief and low covariation: “You have a hypothesis that the slippery roads may 
be due to rainfall.”

Low belief and low covariation: “You have a hypothesis that the slippery roads may 
be due to excessive traffic.”

Participants were asked to rate their beliefs about the causal powers in the stories. 
Their results indicated that all of these factors were strongly associated with the strength 
of the inferred causal relationship. Furthermore, Cummins (1995) demonstrated that 
familiarity of alternative causal mechanisms also plays a role. For example, you know 
that germs can also be transmitted through touch, and yesterday you also used a public 
drinking fountain. Recalling this potential alternative explanation may lead you to adjust 
the strength of your belief about your friend’s sneeze as the cause of your cold.

As explained in Chapter 1, one of the best ways to establish causal relationships is 
by doing experiments. If we systematically manipulate a potential causal variable 
(independent variable) and observe what changes occur to the following event (depen-
dent variable), then we have good data from which to make conclusions about causal 
relationships. While systematic manipulation of variables to test for cause and effect is 
the bread and butter of the scientific method, Sloman (2005) argues that it may also 
play a role in our day-to-day reasoning. We develop and update our causal models 
through both observing particular covariations and intervention with the causes  
and events.

For example, I recently baked a batch of cookies and discovered that they weren’t as 
good as I had hoped (see Photo 12.3). I wasn’t sure what was wrong, but I suspected that 
it was the generic brand of butter that I had used. So I tried making the same recipe, 
except this time I used a more expensive brand-named butter. The cookies turned out 
better, and I concluded that the generic butter was likely the problem in the first batch. 
In this situation, I manipulated the variable (butter type) and observed whether changes 
occurred in my measure of interest (how the cookies tasted). This allowed me to change 
my causal model about things that affected how the cookies tasted. In particular, I elim-
inated other potential causes of the bad taste (e.g., the bad taste wasn’t because the milk 
was old).

Hypothesis Testing
Suppose somebody gave you this sequence of numbers: 2, 4, 6. Your task is to give the 
rule that makes up this sequence.

What do you think the rule is? Without more information it is difficult to say. Let’s 
further suppose that you cannot ask questions about the rule but may come up with 
other sequences of three numbers and ask whether they follow the rule as well. This was 
the task developed by Peter Wason (1960; Wason & Johnson-Laird, 1972), and it has 
been the subject of extensive study. We can think of the rules you come up with as 
hypotheses, and the triplets you test are experiments to test the hypotheses. Suppose 
you think that the rule is “even numbers” and ask about 8, 10, 12. Here the answer is 
“Yes, these follow the rule”; however, when you suggest your even-numbers rule the 
researcher says “No, that’s not the rule.” Maybe the rule is “start with a number and add 
2 to get the next.” So you may try the sequence 3, 5, 7. Again you get a “Yes, these follow 
the rule” response but “No, that’s not the rule.” The correct rule is a very general one: 

Photo 12.3  Which type of butter 
makes the better-tasting cookies? 
Experimenting with different brands 
tests the causal relationship between 
butter types and cookie taste.
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Prospect Theory
Kahneman and Tversky (1979) explained many of the heu-
ristics and biases within a framework they called prospect 
theory. They noted that the biases in people’s decision mak-
ing often resulted from the fact that we do not treat gains and 
losses equally. Generally we treat losses as more important 
than gains (loss aversion). In other words, losing $100 is 
much more impactful than gaining $100. Additionally, the 
framework assumes diminishing returns; a gain or loss of 
$100 matters a lot if we have a balance of $1,000 in our 
account, but it matters very little if we have a balance of 
$100,000 in our account. Even though the change is $100 in 
both cases, the reference point impacts that $100. The theory 
also proposes that people tend to overweight low-probability 
outcomes and underweight high-probability outcomes (e.g., 
the odds of getting in an automobile accident are much 
higher than the odds of being in an airplane crash; however, 
more people fear flying than driving). This framework has 
been used to explain a wide variety of apparently irrational 
decisions. For example, businesses typically take little risk 
offering money-back guarantees because once people have a 
product, giving it up (a loss) is considered more aversive than 
the benefit of getting the money back (a gain).

Dual-Process Framework

The finding that our choices often don’t seem to follow logical, analytical models of 
decision making doesn’t mean that we can’t make decisions that way. It does, however, 
suggest that we can make decisions many different ways. The dual-process frame-
work, discussed earlier in this chapter for reasoning, has also been proposed to 
explain why we may reason differently at different times (e.g., Evans, 2008; Kahneman, 
2011).

Wilson and Schooler (1991) selected five varieties of jams that had been indepen-
dently rated by experts for quality. The jams they selected ranged from the top-ranked jam 
down to one of the worst. In one condition they asked college students to taste the jams, 
think about what they liked and didn’t like about them, and then to rate the jams for taste. 
The students’ ratings looked very different from those of the experts. In another condition, 
with a different set of tasters, the researchers asked them to taste the jams, answer some 
questions about why they selected their major, and then rate the jams. The key difference 
between the conditions was that the raters in the second condition didn’t think about why 
they liked or disliked the jams. Their ratings closely matched those of the experts. Within 
the dual-process approach, these results are interpreted as reflecting decisions made using 
two different decision-making systems. When asked to think deliberately and analytically 
about why they made their judgments about jams, the tasters engaged their System 2 
thinking. When asked just to make preference ratings without thinking about the reason-
ing behind those ratings, the tasters used their System 1 thinking.

This means that how we make decisions in everyday situations can vary depending on 
what we think about in making those decisions. Dijksterhuis (2004; Dijksterhuis & 
Nordgren, 2006) has suggested that System 1 thinking that is more automatic and uncon-
scious can result in better reasoning. In one of his studies, subjects were asked to consider 
apartments or roommates from a list. Alternatives were presented with both the pros and 
cons of each one. The alternatives were designed by the researchers to have one best option 
and one worst option based on the number of relative pros and cons. Subjects then made 

Photo 12.4  The decoy effect: If we are given the choice of a 
small for $3, medium for $5, and large for $6, we will select the 
large more often than if the medium size was not an option.
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conclusion that “all dogs are mammals” feels right. It fits with our world knowledge about 
dogs, and both of the premises were all statements. However, this argument is logically 
invalid. The conclusion that “all dogs are mammals” does not logically follow from the 
two premises. The second example in (b) is the same pairing of the premises but with a 
different conclusion. What did you conclude about this argument? This one is a valid 
argument. However, when given this pairing of premises, people rarely give this conclu-
sion (or the other valid conclusion “Some dogs are mammals”). The third argument in 
(c) is valid as well. People typically find the third argument difficult to evaluate. When 
just given the premises, people often conclude that there is no valid logical argument.

The research suggests several factors impact how likely we are to correctly follow the 
rules of logic (e.g., Wilkins, 1928). One factor is the phrasing of the premises. Not all 
premises and conclusions are equally easy to reason about. Typically we find that argu-
ments that include negations (no and not) are more difficult, as in (c). Arguments with 
some are typically harder than those with all. Another factor is how people understand 
the language used in the premises. There is a difference between the logical use of some 
and how we typically use some in our day-to-day language. Consider the conclusion in 
example (b). In day-to-day language, “some mammals are dogs” is typically understood 
as meaning “some mammals are dogs and some are not dogs.” In logical terms, “some 
mammals are dogs” should be interpreted as “at least one mammal is a dog, but there 
may or may not be other mammals that are not dogs.” Another factor is the content of 
the arguments (what the A’s, B’s, and C’s are). For example, many people accept the argu-
ment in (a) as valid, when logically it is not. This is in part due to the fact that the conclu-
sion “All dogs are mammals” is consistent with what we know about dogs. However, this 
knowledge is irrelevant for the logic rules; what the A’s, B’s, and C’s are shouldn’t matter. 
When we reason, we are influenced by the content of what we are reasoning about. 
Typically we are less likely to accept something that goes against our initial assumptions 
and are more likely to accept something consistent with our beliefs.

Conditional Reasoning

Conditional reasoning has a similar formal structure with the inclusion of connective 
words like if and then as part of the first premise (other connective words include and, 
or, and not, but for simplicity these are not discussed here). Conditional reasoning is 
sometimes referred to as propositional reasoning because of the connective words in 

(a)	 All beagles are dogs.

	 All beagles are mammals.

	 All dogs are mammals.

(b)	 All beagles are dogs.

	 All beagles are mammals.

	 Some mammals are dogs.

(c)	 No elephants are insects.

	 All insects are animals.

	 Some animals are not elephants.

Table For Each Syllogism, Try to Determine Whether the 
	 Logical Conclusion Is Valid

12.1

Conditional reasoning 
(propositional reasoning): a 
process by which a conclusion 
follows from conditional statements 
(“if, then” statements)

Monty Python on 
Deductive Reasoning
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propositional statements. Propositional statements are those that are either true or false 
(see Chapter 9 for a discussion of propositional representations in language). In logical 
arguments, they are often stated in a form similar to that used for syllogisms.

If p then q (major premise)

p (minor premise)

? (conclusion)

The major premise consists of the antecedent (p) and the consequent (q). The valid 
conclusion in this argument is “q.”

Some conditional reasoning was involved in the movie scenario presented at the 
beginning of the chapter. You thought through some propositional statements in making 
your decision: If I wait for my roommate and she’s gone to the earlier show at the Palace, 
I will miss the movie. If I go to the Palace and she’s gone out to eat before heading to the 
later show, I will miss dinner and go to the wrong theater. Considering these premises 
helped you think about the consequences of your decision in each case.

Let’s look at the concrete examples in Table 12.2. For each argument, decide whether 
you think the conclusion is valid. The first argument in (a) is often referred to as modus 
ponens. It is a valid argument and most people find it fairly straightforward. The second 
argument in (b) is called modus tollens and is also valid. Typically people find these argu-
ments more difficult. What did you think about the third and fourth arguments in (c) and 
(d)? It turns out that both are invalid arguments (often called fallacies). The key is in the 
major premise “If it is sunny outside, then I will walk to class.” This doesn’t say anything 
about what I will do if it isn’t sunny; I might still choose to walk to class. So in (c), the 
minor premise tells us that it is not sunny, but we don’t have information about whether 
we will walk or not. The reverse is true in (d). Given that I might walk to class rain or 
shine, knowing that I walked to class doesn’t tell me what the weather was like.

One of the most popular tasks researchers have used to examine this kind of reason-
ing is the four-card task developed by Wason (1968). Figure 12.1 illustrates this task. 

(a)	 If it is sunny outside, then I will walk to class.

	 It is sunny outside.

	 I will walk to class.

(b)	 If it is sunny outside, then I will walk to class.

	 I will not walk to class.

	 It is not sunny outside.

(c)	 If it is sunny outside, then I will walk to class.

	 It is not sunny outside.

	 I will not walk to class.

(d)	 If it is sunny outside, then I will walk to class.

	 I will walk to class.

	 It is sunny outside.

Table For Each of the Conditional Arguments, Try to 
Determine Whether the Logical Conclusion Is Valid

12.2

Conditional Arguments Activity
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encounter things with 100 percent certainty. Chater and Oaksford use the example “If 
something is a bird, then it flies” and “Tweety is a bird” so “Tweety must fly.” But what if 
Tweety is an ostrich? Should you still infer that she flies? The model proposes that should  
instead of treating “If something is a bird, then it flies” with 100 percent certainty, we 
should instead consider it with something like 90 percent certainty. Furthermore, we can 
combine that 90 percent certainty with the likelihood that Tweety is a canary and not an 
ostrich, strengthening the premise and the probability that Tweety can fly.

Combining These Approaches:  
Dual-Process Framework Approach

The different versions of Wason’s four-card task demonstrate that sometimes we reason 
logically, but on other occasions we do not. At times it may feel as if we have two differ-
ent ways of reasoning. That is essentially what the dual-process framework proposes. 
Similar theories across a wide range of psychological areas have been developed within 
this dual-process framework (e.g., controlled and automatic attention processes 
described in Chapter 4). Evans (2012) reviews the characteristics usually assumed to be 
shared by dual-process accounts (see Table 12.3). Typically, System 1 processes are 
assumed to be largely automatic, rapid, and unconscious. In contrast, System 2 processes 
are typically assumed to be controlled, slow, and often conscious. Evans (1984, 2006) 
proposed a theory of reasoning within this dual-process framework. He suggests that 
when we reason we use one system based on heuristic processes (referred to as Type 1) 
and another based on analytic processes (Type 2). Heuristics are nonlogically based pro-
cesses used to evaluate information relevant to the problem. They are influenced by the 
content of the argument, including implicit knowledge of the terms (e.g., what do I know 
about “ants” and “insects”?) and the language used to state the argument (e.g., what do I 
mean by “all” and “some”?). Type 2 processes operate with logically based analyses, using 
the representations activated from Type 1 processes.

Dual-process framework: the 
idea that cognitive tasks can be 
performed using two separate 
and distinct processes

Table Generally Accepted Characteristics of Dual-Process 
Theories of Cognition

12.3

SYSTEM 1 SYSTEM 2

Unconscious, preconscious

Rapid

Automatic

Low effort

High capacity

Associative

Intuitive

Contextualized

Cognitive biases

Independent of cognitive  
capacity 

Conscious

Slow

Controlled

High effort

Low capacity

Rule based

Deliberative

Abstract

Normative reasoning

Correlated with individual 
differences 

SOURCE: Evans, J. St. B. T. (2012). Questions and challenges to the new psychology of reasoning. 
Thinking & Reasoning, 18(1), 5–31.
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Table Differences Between Formal and Everyday Reasoning12.4

SOURCE: Galotti, K. M. (1989). Approaches to studying formal and everyday reasoning. Psychological Bulletin, 105, 331–351. 

FORMAL LABORATORY 
REASONING TASKS EVERYDAY REASONING TASKS

All premises are supplied. 

Problems are self-contained.

There is typically one correct answer. 

Established methods of inference that apply to the 
problem often exist.

It is typically unambiguous when the problem is 
solved.

The content of the problem is often of limited 
academic interest.

Problems are solved for their own sake.

Some premises are implicit, and some are not supplied at all.

Problems are not self-contained.

There are typically several possible answers that vary in 
quality.

There are rarely established procedures for solving the 
problem.

It is often unclear whether the current “best” solution is good 
enough.

The content of the problem has potentially personal 
relevance.

Problems are often solved as a means of achieving other 
goals.

Think back to the reasoning in our opening movie 
story. Reasoning “If she is not here, then she must 
have gone to the movie without me” probably feels 
different from “If Charlie is a basketball player, 
then he is tall. Charlie is a basketball player.” 
Because of these differences, everyday reasoning 
is more subtle and complex than most of the for-
mal reasoning tasks studied in the lab. Research 
that examines the relationship between the two is 
still relatively new. One consistent finding is that 
everyday reasoning is subject to biases, many of which arise because of the use of heuris-
tics. We discuss some of these heuristics in our review of decision making in the following 
section.

Making Decisions

Making decisions is about assessing and making choices between different options. In our 
opening story we were trying to decide what to do, whether to wait for our roommate or go to 
the movie without her. Furthermore, if we do decide to go to the movie, to which theater 
should we go? Our days are filled with decisions, some big (e.g., “What do I want to do with 
my life after I graduate?” “Which house should I buy?”) and others small (“Should I order a 
peanut butter and jelly sandwich for lunch?” “Paper or plastic?”). As was the case with your 
self-assessment about your reasoning abilities, you probably feel like you make the best logical 
decisions you can. But, as was the case with reasoning, we make our decisions within our 
cognitive system and are subject to the limitations of that system. This section reviews theories 
and research about how we make decisions.

12.9.	 Think back to how you reasoned through the various 
versions of the four-card problems. How did the 
reasoning you used to answer those questions compare 
to how you reason about things in your day-to-day life?

Stop and Think
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the RLPFC reflecting the inhibition of a stereotype-based response. This activation was not 
present when they made a stereotype-based response. Additionally, the ACC was activated 
both when making stereotypic and base-rate responses, indicating that the participants 
were detecting their bias regardless of which response they gave. The ACC did not show 
activation across the control conditions where there were no conflicting responses. The 

Incongruent

Study with 5 engineers and 995 lawyers.

Jack is 45 and has four children. He shows no interest in political and social issues and is generally conservative. He likes 
sailing and mathematical puzzles.  

What is most likely?

a.	 Jack is an engineer. (stereotype cued)

b.	 Jack is a lawyer. (base-rate cued) 

Congruent Control

Study with 5 Swedish people and 995 Italians

Marco is 16. He loves to play soccer with his friends, after which they all go out for pizza or to someone’s house for 
homemade pasta.

What is most likely?

a.	 Marco is Swedish.

b.	 Marco is Italian. (base-rate and stereotype cued)

Neutral Control

Study with 5 people who campaigned for Bush and 995 who campaigned for Kerry.

Jim is 5 foot 8 inches tall, has black hair, and is the father of two young girls. He drives a yellow van that is completely 
covered with posters.

What is most likely?

a.	 Jim campaigned for Bush.

b.	 Jim campaigned for Kerry. (base-rate cued)

Heuristic Control

Study with 500 forty-year-olds and 500 seventeen-year-olds.

Rylan lives in Buffalo. He hangs out with his buddies every day and likes watching MTV. He is a big Korn fan and is saving 
to buy his own car.

What is most likely?

a.	 Rylan is forty.

b.	 Rylan is seventeen. (stereotype cued)

Table Examples of Stimuli Used in the De Neys et al. (2008) Study12.5
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