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We argue that perspective effects in the Wason four-card selection task are a product of the linguis-
tic interpretation of the rule in the context of the problem text and not of the reasoning process un-
derlying card selection. In three experiments, participants recalled the rule they used in either a se-
lection or a plausibility rating task. The results showed that (1) participants tended to recall rules
compatible with their card selection and not with the rule as stated in the problem and (2) recall was
not affected by whether or not participants performed card selection. We conclude that perspective ef-
fects in the Wason selection task do not concern how card selection is reasoned about but instead re-
flect the inferential text processing involved in the comprehension of the problem text. Together with
earlier research that showed selection performance in nondeontic contexts to be indistinguishable
from selection performance in deontic contexts (Almor & Sloman, 1996; Sperber, Cara, & Girotto,
1995), the present results undermine the claim that reasoning in a deontic context elicits specialized

cognitive processes.

A central question regarding the nature of human rea-
soning is whether it operates solely on the basis of gen-
eral domain-independent principles or whether reason-
ing is domain-specific. Many researchers believe that, in
certain cases that involve social interaction, human rea-
soning follows a set of specialized principles (Cheng &
Holyoak, 1985; Cosmides, 1989; Gigerenzer & Hug, 1992).
Because these principles apply to situations in which a
certain social convention or rule should be followed but
could be violated, this form of reasoning is called deontic
reasoning. Although different proponents of the view that
deontic reasoning is special disagree about the form that
deontic reasoning takes (Cheng & Holyoak, 1989; Cos-
mides, 1989; Gigerenzer & Hug, 1992; Oaksford &
Chater, 1994), they nevertheless share the belief that pos-
tulating a specialized type of reasoning is necessary to ex-
plain the way people reason in deontic contexts.

All of the empirical evidence supporting the claim that
reasoning in deontic contexts operates on the basis of spe-
cial principles comes from a single task—the Wason four-
card selection task (Wason, 1966). Although initially
proposed as a demonstration of people’s inability to think
in a way that is compatible with formal logic (Wason,
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1966) and as a means of studying various factors that may
help “rehabilitate” people’s apparently illogical thinking
(Griggs & Cox, 1982, 1983; Wason & Shapiro, 1971), the
selection task is now often used descriptively to distin-
guish between domains in which reasoning complies with
the prescription of formal logic and domains in which it
does not (although see Oaksford & Chater, 1994, for an
argument that card selections could be viewed as rational
on the grounds that they should be evaluated with respect
to optimal data selection, not first-order logic). In the
original Wason selection task, participants are required
to decide how to test the truthfulness of an arbitrary rule
of the form “if p, then ¢”! like the following vowel-even
number rule: “If a card has vowel on one side, then it must
have an even number on the other side.” They are shown
four cards and are told that each card represents a single
combination of P and Q values. Their task is to decide
which cards to turn over to test the rule. Because partic-
ipants can see only one side of each card (i.e., “A,” “4,”
“B,” “7” in the vowel-even-number problem), they have
to judge, according to what is on the visible side, whether
the invisible side may be useful for testing the rule. The
general finding is that with many abstract problems, such
as the arbitrary vowel-even-number problem, people
tend to select only the p card (i.e., the card with the let-
ter “A”) or both the p and ¢ cards (i.e., the card with the
letter “A™ and the card with the number “4”) but only sel-
dom the p and ~¢ cards as dictated by formal logic (i.e.,
the card with the letter “A” and the card with the number
“7”; Griggs & Cox, 1982; Wason & Shapiro, 1971). How-
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ever, in some domains, the p&~¢ response prescribed by
formal logic is the predominant selection (Cheng &
Holyoak, 1985; Griggs & Cox, 1983, 1993). For exam-
ple, in the day-off problem used by Gigerenzer and Hug
(1992), in which participants are required to test whether
a rule set by a company, “if a former employee gets a day
off during the week, then that employee must have
worked on the weekend,” is violated by employees, most
participants select the p and ~g cards (“an employee who
gets a day off during the week,” and “an employee who
did not work on the weekend”).

The striking difference between domains in which the
“logically correct” selection, p&~q, is effortless and in-
tuitive, as with the day-off problem, and domains in which
it is hard and seems to require conscious application of
logical rules, as with the vowel-even-number problem,
has been argued to be strong evidence for the uniqueness
of deontic reasoning (Cheng & Holyoak, 1985; Cosmides,
1989; Gigerenzer & Hug, 1992). Indeed, the notion of
deontic reasoning was initially based on the insight that
many of the domains in which the majority of people
make the selection prescribed by formal logic include
some kind of social relation that should be respected yet
could be violated. In these domains, it has been argued,
people interpret the selection task as detecting a viola-
tion of a conventional rule, whereas in those domains in
which the logically prescribed selection is rare, people
interpret the task differently, as validating the truthful-
ness of the rule (Cheng & Holyoak, 1985).2

Recent research, however, has shown that selection
task performance compatible with the logical prescrip-
tion can be elicited in a range of nondeontic domains (Al-
mor & Sloman, 1996; Evans, Newstead, & Byrne, 1993;
Liberman & Klar, 1996; Sperber, Cara, & Girotto, 1995).
For example, Almor and Sloman showed that people’s
selection performance in domains such as containment,
force dynamics, prize winning, and quality control is in-
distinguishable from their performance on deontic prob-
lems. Thus, the distinction between problems that lead to
a high proportion of p&~g selections and problems that
do not cannot be solely based on whether the problem is
deontic or not. Rather, according to Almor and Sloman,
selection task performance is determined by people’s ex-
pectations for what should be on the other side of each
card; the stronger the expectations people have about what
is on the hidden side of a card, the more likely they are
to select that card. On this view, selection in deontic prob-
lems is not a function of a specialized form of reasoning
but, rather, is a function of how people represent the prob-
lem in memory. In problems that promote a high pro-
portion of p&~q selections, people’s memorial represen-
tation may lead them to form strong expectations about
the hidden side of the p and ~¢ cards but not about the
hidden side of the ~p and ¢ cards. Whether or not this hy-
pothesis is correct, the evidence shows that reasoning in
nondeontic domains can produce the same pattern of re-
sponses as reasoning in the deontic domain. Therefore,
deontic reasoning does not seem to be unique. Selection

1061

task performance showing a high proportion of p&~¢ se-
lections does not provide evidence for a special kind of
domain-specific reasoning.

A second phenomenon, based on the “reversed per-
spective” selection problems, has also been cited as evi-
dence for a special form of deontic reasoning (Gigeren-
zer & Hug, 1992). In a reversed perspective selection
problem, the context story that provides the motivation
for checking violations of a rule conflicts with the rule
itself. The context and the rule make opposite suggestions
about which party is bound by the rule. The general find-
ing in these studies is that people’s selection is affected
to a great extent by the context story and not by the rule
verbatim (Gigerenzer & Hug, 1992). For example, using
the day-off problem, Gigerenzer and Hug observed that
when cued into the perspective of an employee wishing
to check whether the company is not keeping its part of
the deal in the day-off problem, many participants se-
lected the “worked on the weekend” (~p) and “did not
get a day off during the week” (¢) cards. The most com-
mon interpretation of this finding is that, in reversed per-
spective problems, people are cued into a different perspec-
tive than in the nonreversed version of the same problem
and are thus making a ~p&gq selection. According to Gige-
renzer and Hug, a ~p&gq selection cannot be explained by
any existing theory that does not treat deontic reasoning
as special. Because both perspective conditions should
be equally familiar to participants, theories of selection
task performance that are based on the availability of re-
lated memorized experiences cannot explain the differ-
ent performance in the two conditions: “No availability
theory seems to have ever predicted not P & Q responses”
(Gigerenzer & Hug, 1992, p. 153). Similarly, because
Cheng and Holyoak’s (1985) pragmatic reasoning schema
theory “has no theoretical vocabulary that applies to per-
spective change” (p. 153), it “should also predict a high
proportion of P & not-Q responses and low proportions of
not-P & Q responses under both perspectives” (p. 154).
Thus, the only possible explanation for ~p&gq selections,
according to Gigerenzer and Hug, is that selections are
determined by a cheater detection algorithm that operates
from the perspective adopted by participants. By this ar-
gument, perspective effects in the selection task reinforce
the view that deontic reasoning is special and, in partic-
ular, that the cheater detection algorithm is the crucial
component in deontic reasoning.

Unfortunately for this argument, perspective effects
have been found using nondeontic rules (Staller, Sloman, &
Ben-Zeev, 2000). Worse, Gigerenzer and Hug’s (1992) ar-
gument overlooks the most fundamental characteristic of
these problems—namely, that they hinge on an internal
contradiction in the text of the problem. Participants in a
reversed perspective experiment are confronted with a task
in which a small part of the text they are given—the rule—
is inconsistent with the rest of the story and, in particular,
with the very motivation for that rule. For example, in the
reversed perspective version of the day-off problem used
by Gigerenzer and Hug, the context story suggests that this
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is an obligation problem in which the company, the party
with authority, is obligated to give a day off to any em-
ployee who has worked on the weekend, whereas the rule
itself is a permission rule stating that if an employee has
taken a day off during the week, then that employee must
have worked on the weekend. Given that people process
text incrementally, integrating information into memory as
they read (Gernsbacher, 1990; Johnson-Laird, 1983;
Kintsch, 1988), many participants in a reversed perspec-
tive experiment, when faced with this inconsistency, may
never notice the actual wording of the rule and instead
might assume that they are reading the converse rule.

Indeed, people’s tendency to process text in a way that
is consistent with preceding context and not with the ac-
tual text has been demonstrated in many studies (e.g.,
Andreson, 1974; Andreson & Paulson, 1977; Gernsbacher,
1985; Lee & Williams, 1997; Murphy & Shapiro, 1994;
Sachs, 1967). Some of these studies have shown that
people may recall an incorrect version of a text that is
compatible with the rest of the narrative, especially when
the narrative and the text in question are incoherent (e.g.,
Murphy & Shapiro, 1994). The mechanisms behind these
effects have been the topic of much research on the infer-
ential processes that are a central part of discourse pro-
cessing (e.g., McKoon & Ratcliff, 1992; Sperber & Wil-
son, 1986, 1995). This research has shown that, when
faced with a text that is locally incoherent, people sup-
plement the information explicitly mentioned in the text
by employing their general knowledge to infer additional
information.

According to this explanation, in a reversed perspective
selection task, participants may construct a representa-
tion of the entire problem with a rule that is compatible
with the rest of the problem and is different from the rule
they actually read prior to card selection. If so, when par-
ticipants make their card selection, they may not rely on
the rule as stated in the problem but instead on the con-
verse rule that is compatible with the rest of the text, “if
g, then p.” In that case, their ~p&gq response would in fact
represent the regular p&~¢ response but for a different
rule than the one stated in the problem. If this interpre-
tation is correct, then the “perspective reversal” effects in
the Wason four-card selection task could bear only on how
people process text and not directly on reasoning.

Indeed, much of the reasoning on this kind of problem
may consist of text processing. Polk and Newell (1995)
proposed that many effects usually attributed to nonlin-
guistic deductive reasoning are in fact the product of the
linguistic processes involved in encoding text.? These
authors argue against the common distinction between
strictly verbal processes that are part of encoding a prob-
lem text and the nonverbal reasoning processes that op-
erate once a representation is generated. Instead, they
suggest that much of the reasoning involved in solving
problems, such as syllogisms, is part of verbal process-
ing because it involves repeatedly regenerating the lin-
guistic representation until it includes a “legal conclu-

sion.” With respect to the selection task, Polk and Newell
distinguish the verbal reasoning processes that must take
place when people read the problem’s text from the rea-
soning about card selection that calls on other “meta-
inferential” processes beyond verbal reasoning. We agree
that the Wason task does require such nonlinguistic de-
liberation. Qur proposal is that perspective effects in the
selection task reflect text processing and not the nonver-
bal aspects of performance.

The purpose of the present experiments was to show
that it is indeed the misrepresentation of the rule that un-
derlies reversed perspective effects in the selection task
by asking participants to recall the rule after reading the
problem statement in an effort to show that people encode
the wrong rule. Such a result would show that an account of
performance does not require hypothesizing how people
reason about the rule as stated in the problem. In partic-
ular we sought to obviate the need for a special perspective-
sensitive deontic reasoning.

EXPERIMENT 1
Perspective Change and Rule Recall

Experiment 1 was designed to find out which rule par-
ticipants reason with in reversed perspective experiments.
If, as is implicitly assumed by proponents of deontic rea-
soning, participants rely on the rule as stated in the prob-
lem, then perspective change findings would indeed sup-
port the notion of specialized deontic reasoning. However,
if perspective change effects result from reasoning about
a different rule, if participants actually select cards on
the basis of a rule that is the converse of the rule stated in
the problem, then perspective change effects cannot be
used as an independent argument for a special form of
reasoning, because they would not reflect reasoning about
card selection at all.

To test whether people use a reversed version of the
rule instead of the rule as stated in the problem when mak-
ing selections, we conducted a reversed perspective ex-
periment in which, after performing a regular selection
task, participants were asked to recall the rule from the
text. We focus on the relation between rule recall and se-
lection responses. We expected a strong link between the
rule participants recalled and their selection response such
that their selection response would be more compatible
with the rule they recalled than with the rule they actu-
ally read in the problem.

We used two deontic perspective change problems from
Gigerenzer and Hug (1992): the day-off problem and the
pension problem. Although Gigerenzer and Hug used
only one version of the rule in each problem and manip-
ulated only the perspective participants were cued into,
we manipulated both the rule and the perspective such
that each problem appeared in four conditions—two in
which the rule and perspective were compatible, and two
in which they were contradictory. We included the two
remaining conditions for the sake of completeness.
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Method

Materials. Two conditions of each problem were taken from
Gigerenzer and Hug (1992) and the other two conditions were gen-
erated from the original two conditions by replacing the original
rules with their converses (“if ¢, then p”). The text used for the two
problems in all conditions appears in the Appendix.

To simplify the discussion of conditions and results we use the
term company and employee to describe the two levels of the rule
factor, the two levels of the perspective factor, and the selection and
recall responses of interest. The two selection patterns of interest
(p&~q and ~p&gq) are labeled according to whether they reflect the
company’s perspective (i.e., the participant marked exactly the
“worked for 5 years” and “receives pension” cards in the pension
problem, and the “did not work on the weekend” and “got a day off
during the week” cards in the day-off problem), or the employee’s
perspective (i.e., the participant marked “worked for 15 years” and
“does not receive pension” cards in the pension problem, and the
“worked on the weekend” and “did not get a day off during the
week” cards in the day-off problem). Similarly, the two relevant re-
call responses are labeled according to whether they convey the per-
spective of the company or employee.

Participants. One hundred fifteen Brown University undergrad-
uates participating in introductory psychology and cognitive sci-
ence classes volunteered to participate in this experiment.

Procedure. Questionnaires were distributed and completed in
the classroom. Each questionnaire consisted of a cover page with
general instructions, 2 pages with one version from each problem,
and a final page in which participants were asked to recall the rules
from the preceding problems. The participants were instructed
never to turn back to previous pages. The participants were closely
monitored to ensure that they followed the instructions. The order
of questions was balanced across questionnaires. Versions of the
two problems were also balanced across questionnaires so that each
version of each problem appeared with each version of the other
problem on an equal number of questionnaires. The order of the four
cards was changed between problems in the same questionnaire so
that the participants could not use card order as a cue. Following the
questionnaire, the participants indicated if they were familiar with
the task.

Selection task responses were categorized according to whether
they were consistent with the company’s perspective or the em-
ployee’s perspective. To be considered consistent with a perspective
of one party (company or employee), a selection response had to
consist of only the two cards that may indicate that the other party
violated its commitment. Selection responses not consisting of ex-
actly the two cards representing the perspective of the company or
employee were recorded as “neither.”

Recall responses were categorized according to the following cri-
terion: If the recalled rule unambiguously expressed a commitment
of one of the participating parties (company or employee), it was
categorized as compatible with the other party’s perspective. For
example, the recalled rule “if worked on the weekend, then will get
a weekday off 7 was categorized as an employee recall because it
expresses the company’s commitment to the employee. If the par-
ticipant failed to recall the rule or if the recalled rule did not unam-
biguously express a commitment of one of the parties (e.g., “got a
day off during the week and worked on the weekend”), then recall
was categorized as “neither.” The coder of recalled rules was blind
to the recall condition.

Results and Discussion

Five participants indicated that they were familiar with
the task. The percentages of employee and company se-
lection and recall responses from the 110 remaining par-
ticipants are shown in Table 1. We start by analyzing se-

1063

Table 1
Percentage of Selection and Recall Responses in Experiment 1

Company Response Employee Response

Condition Selection Recall  Selection  Recall
Pension Problem
Company Rule
Company perspective 59 62 0 17
Employee perspective 10 38 52 48
Employee Rule
Company perspective 36 11 16 68
Employee perspective 7 0 52 76
Day-Off Problem
Company Rule
Company perspective 52 83 10 3
Employee perspective 29 S5 21 24
Employee Rule
Company perspective 42 18 12 54
Employee perspective 0 0 44 89
Total Both Problems
Company Rule
Company perspective 56 73 5 10
Employee perspective 20 46 37 36
Employee Rule
Company perspective 39 15 14 61
Employee perspective 4 0 48 81

Note—A company response refers to a selection or rule compatible with
the company’s perspective. An employee response refers to a selection
or rule compatible with the employee’s perspective.

lection and recall responses separately and then consider
them together.

Selection task. The pattern of selections matched that
of Gigerenzer and Hug (1992) in the subset of our con-
ditions that they used. However, we did observe lower pro-
portions of perspective compatible responses in all con-
ditions. This may be because our participants responded
to only two selection problems each, thus yielding a smaller
transfer effect (Cheng & Holyoak, 1985). Gigerenzer
and Hug’s participants had to solve 18 selection problems
each. We also found a reversed perspective effect in the
two conditions that they did not test. Table 1 shows that
the proportion of employee selection responses to com-
pany selection responses was always higher in the em-
ployee perspective conditions than in the matching com-
pany perspective conditions. To test which factors affected
selection responses, we carried out a log-linear analysis
on these responses starting with the maximal model:
problem (day off vs. pension) X rule (company vs. em-
ployee) X perspective (company vs. employee) X selec-
tion-task response (company vs. employee vs. neither).
We used the BMDP statistics package, which systemat-
ically removes components from the model that is fit to
the data, so as to see which terms in the model are impor-
tant for the model’s fit. The program performs an ex-
haustive test of all the possible hierarchical models and,
on the basis of comparing all these models, lists the

" terms that are important for the model fit together with

a likelihood ratio (LR) chi-square statistic that expresses
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the estimated contribution of these terms to the model’s
fit. The only terms that are of potential interest here are
the interaction terms that included the selection task re-
sponse factor and that were crucial for the model’s fit.
The only terms that met these criteria in this experiment
were the term expressing the interaction between rule
and selection [LR y2(2) = 9.21, p < .01] and the term
expressing the interaction between perspective and se-
lection [LR x2(2) = 52.33, p <.0001]. No other two-way
or higher order interaction term was necessary for the
model’s fit. We conclude that both the perspective and
the rule affected selection responses. This suggests that
the participants used both the text and the stated rule to
determine their card selections.

Recall task. Table 1 shows that, as in the selection
task, the proportion of employee recall responses to com-
pany recall responses was always higher in the employee
perspective conditions than in the matching company
perspective conditions. To test which factors affected re-
call responses, we carried out a log-linear analysis on
these data: problem (day off vs. pension) X rule (company
vs. employee) X perspective (company vs. employee) X
recall (company vs. employee vs. neither). As in the se-
lection task analysis, the only two interaction terms that
included the recall factor and that were shown to be cru-
cial for the model’s fit were the interaction of rule and re-
call [LR y2(2) = 92.76, p < .0001] and perspective and
recall [LR ¥2(2) = 19.22, p <.0001].

Relation between selection and recall responses. To
analyze the relation between the two kinds of responses,
we combined the responses from the pension and day-off
problems (see the bottom part of Table 1). Using these
combined results from the two problems, we conducted
a chi-square test of the interaction between recall kind
(company, employee, or neither) and selection task re-
sponse (company, employee, or neither). The test indicated
a highly significant dependence [ ¥2(4) = 29.34, p < .001],
indicating that selection task responses were related to
recall responses.

To get a better estimate of the nature of this depen-
dence between the two kinds of responses, we calculated
the conditional probabilities of a given selection task re-
sponse given the recall response. These probabilities, listed
in Table 2, show that the participants were more likely to
respond to the selection task by choosing the cards con-
sistent with the rule they recalled [A£(.40, .49) = .45] than
with the rule as stated in the problem [M(.40, .11) = .26].

In summary, the results of Experiment | point to the
important role that memory may be playing in the re-

versed perspective selection task. The same factors that
underlie selection responses, the rule and the perspective,
also affect rule recall. Furthermore, the recalled rule isa
stronger predictor of selection responses than the rule as
it appeared in the problem. Overall, these results suggest
that selection reasoning is tightly linked to the represen-
tation of the rule. However, these results do not speak to
the issue of whether it is the memorial representation that
drives selection responses or whether reasoning about
card selection shapes the representation and thus induces
a particular pattern of recall responses.

EXPERIMENT 2
Rule Recall With and Without Selection

Our argument is that reversed perspective effects are
a consequence of the way participants represent the rule.
This means that the representations that are responsible
for the reversed perspective effect in the selection task
have been formed prior to actual card selection. Thus,
we predict that people should exhibit a reversed per-
spective effect in recall even without performing the se-
lection task. This would further indicate that reversed
perspective is not a consequence of reasoning for card
selection but, rather, is a consequence of the representa-
tion of the rule in the context of the problem. To test this
prediction, we substituted a plausibility rating task for the
selection task using the problems of Experiment 1. Al-
though we have no a priori reason to suspect that the plaus-
ibility rating task would be sensitive to the same factors
that affect performance in the selection task, we believe
that subsequent recall would. To compare the effects of the
two tasks—selection and plausibility rating—on recall,
we had participants perform the two tasks, one on each
problem, and then asked them to recall the two rules.

Method

Materials. The same materials were used as in Experiment 1.

Participants. Forty-four University of Southern California and
77 Brown University undergraduate students taking introductory
psychology and cognitive science classes volunteered to participate in
this study. The Brown participants were induced by a lottery wherein
one participant drawn at random was awarded a $20 cash prize.
Questionnaires were distributed and completed in the classroom,
and the participants were closely monitored to ensure that they fol-
lowed the instructions and did not turn back to previous pages.

Procedure. Instead of solving two selection problems as in Ex-
periment 1, the participants performed the selection task with one
problem and were only asked to indicate how reasonable the story
sounded to them on a scale of 1-7, where 1 was completely unrea-
sonable and 7 was perfectly reasonable, for the other problem. The

Table 2
Summary of the Conditional Probabilities in Experiment 1,
p(Selection Task Response | Recall Response)

Selection Task Response

Recall Response

Compatible with the Rule (p&~q)

Incompatible with the Rule (~p&gq)

Correct ( p&~q) 40
Inverse (~p&q) 1

17
49
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participants marked their judgment on a scale showing all the num-
bers from 1 to 7. The order of presentation of the two problems, as
well as the matching of problem, task, and condition, was counter-
balanced across questionnaires.

As in Experiment 1, questionnaires were distributed in the class-
room. Each questionnaire consisted of a cover page with general in-
structions, 2 pages with one version from each problem, and a final
page in which the participants were asked to recall the rules from
the preceding problems.

Results and Discussion

The data from 1 participant were removed because this
participant indicated familiarity with the task. The data
from the remaining 120 participants are shown in Table 3A
(selection responses and recall of selection rules) and
Table 3B (plausibility rating and recall of plausibility rat-
ing rules). We start by analyzing the selection responses
and plausibility ratings separately and then consider their
interaction with the recall data.

Selection task. A log-linear analysis on selection re-
sponses starting, as before, with the maximal model—prob-
lem (day off vs. pension) X rule (company vs. employee)
X perspective (company vs. employee) X selection-task
response (company vs. employee vs. neither)—impli-
cated, as in Experiment 1, a significant interaction be-
tween rule and selection [LR ¥%(2) = 10.63, p < .005]
and between perspective and selection [LR x2(2) =
28.32, p <.0001]. However, in Experiment 2, there was
also an interaction between problem, perspective, and se-
lection [LR x2(2) = 8.13, p <.05], caused by the lack of
any employee-compatible selections in the employee rule—
company perspective version of the pension problem. In
any case, the pattern of selection task performance in Ex-
periment 2 replicated that of Experiment 1 and of Gige-
renzer and Hug (1992).

Table 3A
Percentage of Selection and Recall Responses
for Selection Rules in Experiment 2

Company Response  Employee Response

Condition Selection Recall Selection  Recall
Pension Probiem
Company Rule
Company perspective 29 79 0 14
Employee perspective 20 40 40 30
Employee Rule
Company perspective 40 20 0 60
Employee perspective 6 0 56 100
Day-Off Problem
Company Rule
Company perspective 75 63 0 13
Employee perspective 26 61 17 30
Employee Rule
Company perspective 38 23 23 54
Employee perspective 0 0 44 83
Total Both Problems
Company Rule
Company perspective 53 70 0 13
Employee perspective 24 55 24 30
Employee Rule
Company perspective 39 22 13 57
Employee perspective 3 0 50 91
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Table 3B
Mean Plausibility Ratings and Recall Percentages
for Plausibility Rules in Experiment 2

Recall
Condition Plausibility Rating Company Employee
Pension Problem
Company Rule
Company perspective 3.69 69 13
Employee perspective 4.63 58 21
Employee Rule
Company perspective 3.73 27 40
Employee perspective 4.55 0 80

Day-Off Problem
Company Rule

Company perspective 3.36 50 14

Employee perspective 3.85 46 38
Employee Rule

Company perspective 3.75 25 67

Employee perspective 5.27 0 100

Total Both Problems
Company Rule

Company perspective 353 60 13

Employee perspective 431 53 28
Employee Rule

Company perspective 3.74 26 52

Employee perspective 4.81 0 87

Plausibility rating task. Although there was an “em-
ployee advantage” trend in the plausibility ratings, such
that conditions with an employee perspective or rule
were rated as more plausible than conditions with a com-
pany perspective or rule, a log-linear analysis on the plausi-
bility ratings, starting with the maximal model—prob-
lem (day off vs. pension) X rule (company vs. employee)
X perspective (company vs. employee) X rating (1, 2, 3,
4,5, 6,7, or no response)—revealed no significant inter-
action that included the rating. Importantly, the lack of
interaction between rule and plausibility rating and be-
tween perspective and plausibility rating shows that per-
formance on the plausibility rating task was affected by
a different set of factors than was performance on the se-
lection task.

Recall task. We carried out a log-linear analysis on
the recall response data to see whether the two tasks af-
fected recall patterns differently and whether the same
recall pattern as in Experiment 1 was obtained. The anal-
ysis, starting with the maximal model—task (selection
vs. rating) X problem (day off vs. pension) X rule (com-
pany vs. employee) X perspective (company vs. employee)
X recall (company vs. employee vs. neither)—as the
baseline, showed that the only significant interaction terms
that included the recall factor were, as before, the inter-
action between rule and recall [LR y2(2) = 85.89, p <
.0001] and the interaction between perspective and re-
call [LR x2(2) = 21.80, p <.0001].

Selection and recall tasks. As in Experiment 1, we
analyzed the relation between the two kinds of responses
by combining the responses across the pension and day-
off problems (the bottom part of Table 3A). A chi-square
test showed that the relation between recall kind (com-
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Table 4
Summary of the Conditional Probabilities in Experiment 2,
p(Selection Task Response | Recall Response)

Selection Task Response

Recall Response

Compatible with the Rule (p&~q)

Incompatible with the Rule (~p&q)

Correct (p&~q) 43
Inverse (~p&q) .05

.07
.37

pany, employee, or neither) and selection task response
(company, employee, or neither) was highly significant
[x?(4) = 30.66, p <.0001]. Again, selection task responses
were linked to the recall responses.

As before, we calculated the conditional probabilities
of a given selection task response given the recall response.
These conditional probabilities, appearing in Table 4, again
show that the participants were more likely to respond to
the selection task by choosing the cards consistent with
the rule they recalled [M(.43, .37) = .40] than with the rule
as stated in the problem [M(.43, .05) = .24].

The results of Experiment 2 replicated those of Ex-
periment 1: Recall and selection responses were influ-
enced by the same factors, and the recalled rule was a bet-
ter predictor of selection responses than the actual rule
in the problem. Moreover, rule recall was unaffected by
whether the participants performed a selection task or a
plausibility rating task, a task that is influenced by a dif-
ferent set of factors. Thus, the representation that is strongly
linked with selection responses is not generated as con-
sequence of performing the selection task but is gener-
ated independently, probably as a direct consequence of
reading the rule in the context of the problem text.

EXPERIMENT 3
Rule Recall Without Selection

Experiment 2 showed that recall patterns are insensi-
tive to the task performed in the context of the rule. Never-
theless, recall took place after the participants had done
one selection task. The possibility remains that this se-
lection task was sufficient to cue the participants into a
“reasoning mode” that affected recall results even for the
plausibility rating problem. To see whether the recall re-
sults obtained in Experiments 1 and 2 were truly inde-
pendent of the card selection task, we conducted Exper-
iment 3 in which participants were asked to rate the
plausibility of the two problems and did not perform any
card selection. A recall pattern in this experiment simi-
lar to the one observed in Experiments 1 and 2 could not
be attributed to card selection reasoning.

Method

Materials. The same materials were used as in Experiments 1
and 2.

Participants. Ninety-eight different University of Southern Cal-
ifornia undergraduate students participating in introductory psy-
chology and linguistics classes volunteered to participate in this ex-
periment. Questionnaires were distributed and completed in the

classroom, and the participants were closely monitored to ensure
that they followed the instructions.

Procedure. The same design and procedure were used as in Ex-
periment 2, except that, instead of performing one selection task
and one plausibility rating task, the participants had to rate the plau-
sibility of the two problem stories on a scale of 1-7.

Results and Discussion

Table 5 shows the mean plausibility rating for each con-
dition as well as the percentages of company and em-
ployee recalls in each condition.

Plausibility rating task. A log-linear analysts on the
plausibility ratings, starting with the maximal model—
problem (day off vs. pension) X rule (company vs. em-
ployee) X perspective (company vs. employee) X rating
(1,2,3,4,5,6,7, or no response)—found two interaction
terms necessary for the model’s fit. First, an interaction
between perspective and rating [LR y2(6) = 18.37, p <
.01], such that plausibility ratings from the employee
perspective were higher than those from the company
perspective. Second, an interaction between rule, per-
spective, and rating [LR ¥2(6) = 19.64, p < .005], such
that the employee perspective advantage in plausibility
rating was larger in the employee rule conditions than in

Table 5
Plausibility Ratings and Recall Percentages in Experiment 3

Recall
Plausibility Rating Company Employee

Condition

Pension Problem
Company Rule

Company perspective 4.41 74 7

Employee perspective 441 45 32
Employee Rule

Company perspective 342 29 54

Employee perspective 5.00 0 76

Day-Off Problem

Company Rule
Company perspective 3.89 50 7
Employee perspective 4.16 56 32
Employee Rule
Company perspective 3.27 18 68
Employee perspective 5.26 0 87

Total Both Problems
Company Rule

Company perspective 4.15 62 7

Employee perspective 4.29 51 32
Employee Rule

Company perspective 3.35 24 62

Employee perspective 5.13 0 81
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the company rule conditions. No other interaction term
was significant. Thus, in Experiment 3, plausibility ratings
were affected by how “employee oriented” each problem
was—whether the perspective, and, to a lesser extent, the
rule, reflected the employee’s point of view. Stronger
employee orientation yielded higher plausibility scores.
Although a similar trend was also observed in Experi-
ment 2, the effect in Experiment 2 was not reliable, pos-
sibly due to the larger number of plausibility rating re-
sponses in Experiment 3 (each participant provided two
plausibility responses in Experiment 3 but only one plau-
sibility response in Experiment 2). Because performance
in the plausibility rating task itself was never thought to
provide any useful information for the present purpose,
we do not discuss this issue further except to note that
the “employee bias” in this task shows that performance
in this task is affected by different factors than perfor-
mance in the selection task.

Recall task. As in Experiments 1 and 2, the propor-
tions of employee recall responses to company recall re-
sponses in Table 5 show that recall was affected by the
rule and perspective. An analysis of the recall response
data—problem (day off vs. pension) X rule (company vs.
employee) X perspective (company vs. employee) X re-
call (company vs. employee vs. neither)—found three
interaction terms that included the recall factor and were
significant for the model’s fit: an interaction between
rule and recall [LR y2(2) = 68.61, p <.0001], an inter-
action between perspective and recall [LR y2(2) =
14.71, p <.001], and, finally, a three-way interaction be-
tween rule, perspective, and recall [LR x2(3) = 12.03,
p <.01]. Experiment 3 clearly replicated the interactions
between rule and recall and between perspective and recall
observed in Experiments 1 and 2. The three-way inter-
action was not reliable in Experiments | and 2, although
a similar trend was observed.

In summary, although the participants in Experiment 3
did not perform the selection task at all but instead rated
the plausibility of the problems, recall responses showed
a similar pattern to that in Experiments 1 and 2. Together
with the lack of any task effect on recall responses in Ex-
periment 2, this finding shows that recall responses were
not induced by the selection task. Thus, our interpreta-
tion of the parallelism in recall and selection task per-
formance is that both tasks depend on the same mental
representation of the conditional rule.

GENERAL DISCUSSION

In three experiments, we have shown that people are
likely to retrieve a rule that is the converse of the one pre-
sented to them if the converse is more compatible with
the problem context than the stated rule is. We have also
shown that card selections on the Wason four-card se-
lection task are more compatible with this recalled rule
than with the stated rule. Finally, we have shown that this
pattern of recall emerges whether or not participants en-
gage in the selection task; the same results were ob-
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served after participants performed a plausibility rating
of the problem. Therefore, the selection task is not re-
sponsible for rule recall. Presumably, whatever is re-
sponsible for converse rule recall is also responsible for
selection reversals.

These data are easily explained by the hypothesis that
selection task performance is a product of two distinct
processing stages that operate in sequence (e.g., Evans,
1996; Polk & Newell, 1995). The first is the construction
of a representation of the problem text, a representation
that is encoded into memory. This stage involves all the
processes that are part of regular text interpretation—
most importantly, the inferential processes that are re-
quired for establishing local coherence (e.g., McKoon &
Ratcliff, 1992; Sperber & Wilson, 1986, 1995). The sec-
ond stage is the selection of cards, controlled by the rep-
resentation in memory. The research reported here does
not bear on the nature of the processes that operate at this
second stage (see Evans, 1996, for discussion of this is-
sue, but cf. Evans, 1998, Roberts, 1998a, 1998b). Rather,
our recall results show that perspective manipulations
have an effect in the first stage. As such, our results are
compatible with much research on discourse processing
that shows that when local coherence cannot be easily
established, an inference occurs to resolve the discrep-
ancy (e.g., McKoon & Ratcliff, 1992; Sperber & Wilson,
1986, 1995). Participants reading a rule that is incom-
patible with the preceding context (e.g., a rule expressing
an obligation in a context concerning permission) at-
tempt to maintain local coherence by drawing an infer-
ence that results in the misrepresentation of the rule. Ac-
tual card selection does not modulate this inferential
process; the perspective effect on recall is present even
when card selection is not performed.

Deontic reasoning theorists clearly have a ready ex-
planation for our results. They could argue that special-
ized processes for deontic domains are involved in con-
structing the converse rule using the problem context
(Holyoak & Cheng, 1995). But calling such processes
“deontic”—indeed, making them domain-specific in any
sense—is not only ad hoc but unnecessary. Clearly, some
knowledge and processing capability must be involved
in constructing interpretations of a text. Giving special
status to the deontic portion of that knowledge and ca-
pacity does not help to explain selection task performance
except to say that it depends on how text is integrated
into the representation of a problem. Several theorists
have proposed (Almor & Sloman, 1996; Evans et al.,
1993; Liberman & Klar, 1996; Sperber et al., 1995) that
card selection itself is a domain-independent process
that operates on the basis of people’s expectations: The
higher the expectation people have for what should be on
the hidden side of a card, the more likely they are to se-
lect that card. Staller et al. (2000) argue that expectations
can be controlled by the availability of counterexamples.
Obviously, people have different amounts and organiza-
tions of knowledge about a domain, and reasoning may
well depend on the content and structure of that knowl-
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edge. Our central claim is that neither “logical selection”
nor perspective effects in the selection task provide evi-
dence for domain-specific reasoning processes. Theories
of text and discourse processing agree that different
knowledge bases breed different expectations in all do-
mains (Gernsbacher, 1990; Kintsch, 1988, 1993; McKoon
& Ratcliff, 1992; Sperber & Wilson, 1986, 1995).
Although all proponents of deontic reasoning share the
assumption that a p&~q selection is contingent on peo-
ple’s ability to represent the task as detecting a social vi-
olation, they disagree on the nature of the underlying
mechanism. Originally, Cheng and Holyoak (1985) pro-
posed that this deontic knowledge is represented as a
pragmatic reasoning schema consisting of a small set of
production rules and that this schema is the product of ex-
tensive experience with deontic problems. Although the
present findings and our previous findings of high pro-
portions of p&~¢q responses in nondeontic domains (Al-
mor & Sloman, 1996) can be reconciled with Cheng and
Holyoak’s theory by expanding the inventory of reason-
ing schema to include other domains and arguing that
they apply at the text processing stage, such an approach
would be unparsimonious. People know much more about
each domain than the few production rules that consti-
tute Cheng and Holyoak’s reasoning schema. For example,
in permission situations, people not only know the rela-
tions between preconditions and actions, but they also
know that the relative power of the two parties matters
and that their age matters (Kirby, 1994). Furthermore, this
richer kind of knowledge is precisely the kind of knowl-
edge that has been found to guide the inferences that help
to form text representations (e.g., Murphy & Shapiro,
1994). Thus, the claim that pragmatic reasoning schema
operate at the text processing stage is incomplete; repre-
sentations of text involve much more knowledge than
pragmatic reasoning schema maintain. The claim that
these schema operate at the card selection stage is un-
necessary because the effect of knowledge can be found
in the text processing stage. Card selection is a domain-
independent process that takes advantage of the expec-
tations afforded by the representation of the problem.
Cosmides (1989) suggested that deontic reasoning is
part of the human genetic endowment consisting of algo-
rithms that are hard-wired to detect violation of social
contracts. Cosmides’s argument has not withstood analy-
sis (especially that of Cheng & Holyoak, 1989). Cum-
mins (1996a, 1996b, 1996¢) has argued instead that de-
ontic reasoning is not the product of an adaptation to
detect violations of social contracts but instead reflects
an carlier adaptation in primate evolution for negotiat-
ing the risks and benefits associated with certain behav-
iors in the context of dominance hierarchies. Unfortu-
nately, all the empirical evidence underlying Cummins’s
argument, specifically the different performance of 3-
and 4-year olds with deontic and nondeontic selection
problems, could be easily attributed to the different ex-
perience children typically have with the two kinds of
problems (Chater & Oaksford, 1996). Gigerenzer and Hug

(1992), elaborating on Cosmides’s ideas, argued that the
violation detection algorithms are specially geared to de-
tect cheaters and cannot be applied in cases that do not
allow cheating. This argument that deontic reasoning is
innate has been undermined by the experiments in this
study and in that of Staller et al. (2000). Current evidence
does not call for a special cheater detection or social con-
tract violation mechanism for text processing that is dif-
ferent from the mechanisms involved in processing text
in other domains. In all these cases, knowledge and per-
spective affect representation.

Before stipulating highly specialized, genetically spec-
ified mechanisms of reasoning, the contribution of on-
togeny must be ruled out. For example, given the extremely
long maturation period in humans and especially the strong
dependence of children on their parents during the first
years of life, people may acquire much of their knowl-
edge about their duties and obligations in social situa-
tions early in life as they negotiate access to resources
with their parents, siblings, and others with whom they
must share. Indeed, the importance of resource distribu-
tion in explaining familial relationships is widely ac-
knowledged in evolutionary psychology (e.g., Pinker,
1997). The fact that some aspects of social behavior are
already prevalent at 3 years of age (Cummins, 1996b) may
thus be due to the importance of this kind of social inter-
action to the child and not to innately specified knowl-
edge, except for a general instinct to gain access to re-
sources. If social knowledge is the product of the
development of general skills involved in negotiating re-
source distribution, then selecting for a redundant spe-
cialized social knowledge would confer no evolutionary
advantage.

Reasoning in the deontic domain is “special” only in
the sense that special logics are required for expressing
certain deontic relations. For example, the deontic con-
ditional does not have the same truth conditions as the
material conditional of propositional logic. The state-
ment “If you do X, then you may have Y is not falsified
by the observation that you do X but do not get Y. You
may not want Y. This logical specialization of the deon-
tic domain obtains whether or not an evolutionary spe-
cialization does—a fact that seems to undermine the
evolutionary claim. In particular, this logic specializa-
tion relies on complex knowledge regarding social rela-
tions and utilities that would not be available to the spe-
cialized modules assumed by current evolutionary theories
(see Over, 1999, and Staller et al., 2000, for discussion).

Conclusions about the specialization or innateness of
reasoning cannot be drawn from a single task that is dif-
ficult to understand for both experimental participants
and psychological theorists (Sperber et al., 1995). The
research we report here shows that the selection task can
be reduced to two conventional processing stages: a stage
of interpretation and a stage of deliberative reasoning.
The fact that the selection task is conventional in this sense
suggests that the formidable amount of research that has
gone into it may generalize to other tasks. :
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NOTES

1. We follow conventional notation in specifying variables names in
large caps (e.g., P and Q) and variable values in small caps (e.g., p, ~p,
9.~q).

2. Oaksford and Chater (1994) further claim that deontic and non-
deontic selection tasks have different correct solutions. By their account,
the common p and p&gq responses in nondeontic selection problems are
in fact the rational choices. However, once informed about the “logical
analysis” of the selection task, almost everyone agrees that the p&~q so-
lution is the correct one. We find it hard to imagine that many informed
people would accept the validity of the p and p&gq responses; for ex-
ample, our sense is that only a minority of reasoning researchers do.

3. We would like to thank Tom Ward for drawing our attention to the
potential connections between this work and our own.

(Continued on next page)
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APPENDIX
The Day-Off and Pension Problems in All Perspectives With Company Rule as Used in
Experiments 1-3 (The Employee Rule Appears in Italics)

Pension Problem

Company Perspective

In order to encourage employees to stay with the firm, a certain firm has established the fol-
lowing rule: “If a previous employee gets a pension from the firm, then that person must have
worked for the firm for at least ten years.” “If a previous employee had worked for the firm for at
least ten years, then that person will get a pension from the firm.”

However, the management has heard some rumors that the rule has been violated by employ-
ees in the past. To verify whether the rule has been violated, the management looks into the cases
of four former employees of the firm.

Employee Perspective

Joe has been working for a firm for over ten years, and is now interested in quitting since he
is no longer enjoying his job. In order to encourage employees to stay, the firm has established
the following rule: “If a previous employee gets a pension from the firm, then that person must
have worked for the firm for at least ten years.” “If a previous employee had worked for the firm
for at least ten years, then that person will get a pension from the firm.”

Joe is concerned since he heard many rumors that the firm has violated the rule before. To ver-
ify whether the rule has been violated, Joe decides to talk to four former employees of the firm.

Day-Off Problem

Company Perspective

A factory is interested in motivating its employees to work on weekends to make effective use
of the machines and to allow more flexibility in manufacturing schedules. The management has
set the rule: “If an employee gets a day off during the week, then that person must have worked
on the weekend.” “If an employee works on the weekend, then that person gets a day off during
the week”

The management has heard many rumors that employees have violated the rule in the past. To
verify whether the rule has been violated the management looks at the files of four workers.

Employee Perspective

Robert’s company is interested in motivating its employees to work on weekends to make ef-
fective use of the machines and to allow more flexibility in manufacturing schedules. The com-
pany has set the rule: “If an employee gets a day off during the week, then that person must have
worked on the weekend.” “If an employee works on the weekend, then that person gets a day off
during the week.”

Robert has never worked on weekends before but is considering doing that. However, Robert
has heard many rumors that the company has violated the rule before. To verify whether the rule
has been violated, Robert talks with four co-workers.

Each of the four cards below describes one of the four co-workers. One side of the card indi-
cates whether the co-worker has worked on a weekend, and the other indicates whether that co-
worker has gotten a day off during the week.
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