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‘Abstraci

This paper considers the relanonshxp berween decision under uncertainty ahd
rhmkmg through @u}uncrzom:)Decwton situations that lead. to violations * of
Savage's sure-thing principle are:examined, and a variety of simple reasoning.
“Froblems that ofien generate confusion and error are reviewed. e ‘common

difficulty is awributed to péople’s reluctance io think through disjunctions. Bnstead:

of hypotherically traveling through the branches of a decision tree, it i3 suggested.

people suspend judgement and remain at the nade. This interpreigtion is applied (o
instances of decision making, information search, deductive and inductive reason-
ing. probabilistic judgement, games, puzzies and paradoxes. Some implications of
the reluctance -to think through disjunctions, as well as potential corrective
procedures, are discussed. o .

Introduction
-

\_‘q

Ewerydiy thinking and decision making often occur in suualmns of uncertainty.
A critical fgature of thinking and deciding under uncertainty is the need to

consider possible states of the world and their potential consequences for our -

‘beliefs and actions. Uncertam siuations may be thought of as disjunctions of
possible states: either one state will obtain, or another, In order to choose
-

between alternative acuons or solutions in sntuanons of uncertainty, a person
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- nceds to con51der the anticipated outcomes of ¢ach action or each solution pattern

under each state. Thus, when planmming 2 weekend's duting, a person may want to
consider which of a number of activities' she would prefer if the weekend is sunny
-and which she would prefer if it rains. Slmllarly, when contemplating the next
move in a chess game, a player needs to consider what the desf move would be if
the opponent were to employ one strategy, and what may be .,t!]e best move if the
opponent were to follow an alternative plan. '
Spetzlal‘ situations, sometimes arise in which a particular action, or solution,
yields a mere, desirable outcome no matter how the uncertainty is resolved. Thus,
‘a’ pérson(\ ”lay prefer to go bowling rather than hiking régartiless of whether it is
sunny of ft rains, and an exchange of queens may be the preferred move whatever

the strategy chosen by the opponent. Ah\analogous situation was described by
( Savape (1954 j)m the followmg passage . .

L - - d
A Dusinessman contemplates huymga certain piece ofproperty. Hé mnmders the outcome of the
mxi\premdcnual election relevant to the atiractiventss of the purchase. So, to clarify the matter for
himself, he asks whether he would buy if he knew that the’ Republican candidate were goyig/
‘win, and decides that he would do so. Simitarty, he considers whether he Avould buy. if he knew that -
the Democratic candidate were gomg 10 wint, and again finds that he wisuld do so. Seeing that he

would buy in either event, he decides that he should buy, even thoiigh 1 does not know which
event obtains . . . * . . -

Savage calls the pnnmple that. poverns this decision the -thag- yrincipl
(.STP) According to STP, if a.person would prefer a to b- kndﬁ?mg that X

~ obtained, and if he would also, prefer a to b knowing that X did not obtain, then

it definitely prefers a 10 & (Savzl’ge.'ﬁ?get p. 22). STP has a.great deal of both
notmative and descriptive appeal’ qld is one of the simplas and least controversi-
* al prigciples o rational behavi lt is"an important #fuplication-of “consequential-
ist”’ accougts of decision making; in that it captures a fundamental intuition about

w‘hat it means for a decision to be determined by the anticipated consequences it

which ingpose less strmgepl criteria of rauonalny (although see McClenner( 1983,
for ‘discussion). Despife its Jppare ¥ simplicity, however. people s decisions do
nol always abide by STP. :

#

The present papef reviews recent cxper;menxal studies of dcdmon ander

uncertainty that exhibit violations of STP in simple disjunctive m_ua_ugns Et is-
argucd that a hecessary COndlthﬂ for such viplations is people’s faifure o see

through the underl_ymg disjunctions. In particular, it js suggested that in situations

' of uncertainty people tend to refrain froms fully contemplating the consequenges

of potential outcomes and, instead, suspend judgement and rémain, Ul"ldﬁf:lde%‘cgt
‘ . . . ) 50

"The notion Df Lumesuenud['sm appears in the decision theoretic literature in a number 0?
‘different scnsu. See, for example, Hammond { 1988}, Levi {1991). and Bacharach and Hurley (]991)

for technical discussion. See aisofShabir and Tversky (1992)for a discussion of nbrconsequentialism’
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t- n. a cornerstone of expected ﬁitlhly theory) a and it holds in other models of choice
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the.uncertain node. Studies in Sther areas, ranging from deduction and }erbabili- !
ty judgement to games and inductive inference, are then considered, and it is

argued that a reluctance to think through disjunctions can be witnessed across

these diverse domains. Part of the difficulty in thipking under uncertainty, it is
suggested. derives form the fact that uncertainty requires thinking through
disjunctive situations. Some implications and corrective procedures are consid-
ered in a conclfuding section.’ - :

a
L

'Decisins
Risky choice ' o .
y : :

Imagine that you have just gambled on a toss of a coin in which you had an
equal chance to win $200 or lose $100. Suppose that the coin has been tossed, but
that you do not know whether you have won or lost. Would you like to gamble
again, on a similar toss? Alternatively, how would you feel about taking the
second gamble given that you have just lost $100 on the first (henceforth, the Lost

version)? And finally, would you play again given that you have won $200 on the

first toss (the Won 7
versky and Shafir (1992)>ptésented subject:, with the Won, Lost, and

* uncertain versions of this problem, each roughly a week apart. The problems

were embedded among several others so the relation among the three versions

would not be .transparent, and subjects were instructed to treat each decision

separately. The data were as foilows: the majority of subjects accepted the second

gamble after having won the first gamble, the majority accepted the second

gamble after having lost.the first éamblc, but most subjects rejected the second

gamole when the outcome of the first was not known. Among those subjécts who

acccpted the second gamble both after a gain and after a loss on thg fist, 63%

: re]ected the second gamble in the disjunctive condition, when thé outcome of the

first gamble was uncertain. In fact, this particular pattern — accept when you win,

accept when you lose, but reject when you do not know - was the single most

freqdent pattern exhibized by our subjects (see Tversky & Shafir, 1992, for further

. detail and related data).

- A decision maker who would choose to accept the second gamble both after
having won and after having lost the first, should - in conformity with STF-
choose to accept the second gamble even when the outcome of the first is
uncertain. Howevér, when it is not known whether they have won or lost, our
subjects refrain from contemplating {and acting in accordance with) the conse-
quences of winning or of losing. Instead, they act as if in need for the uncertainty
about the first toss to be resolved. Elsewhere, we bave suggested that people have
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differept reasons for accepting the second gamble following a gain and following a ‘
, loss, and that a disjunction of different reasons (“ ‘I can no longer lose ... .” in ™

case I won the first gamble or ‘I need to recover my losses . .." in case 1 lost”) is

Tversky and Shafir '(1992) call the abswe pauém of decisions ‘a disjunction

effect. A disjunction effect occurs when a person prefers x over y when she knows
———— Oy "

.
that event A obtains, and she also prefers x over y when she knows that event A

does not obtain, but she prefers y over x when it is unknown whether ot not A
obtains. The disjunction effect amounts 16 a violation of STP, and hence of
consequentialism. While a reliance on reasons seems to play a significant role in
the psychology that yields disjunction effects, there is nonetheless another
important element that contributes to these paradoxical results: people do not see
through the otherwise compelling logic that characterizes these situations. When
confronting such disjunctive scenarios, which can be thought of as decision trees,
people seem to remain at the uncertain nodes, rather then contemplate the -
sometimes incontrovertible — consequences of the possible branches. '
The_above. pattern of@onconée uential reasoningymay be illustrated with the

aid of, the value funciich from Kahneman and Tversky's (1979)_Erospmyp

The function, shown in lfig. 1, represents people's subjective value of losses and

of gains, and captures cbmmon features of preference observed in numerous
empirical studies. Its-S-shape combines a concave segment to the right of the
origin reflecting risk aversion in choices between gains, and a convex segment to
the left of the origin reflecting risk _seeking in choices between losses. Further-
more, the slope of the function is steeper on the left of the origin than on the

- right, reflecting the common obsgrvatien that “losses lgom larger than gains” for

- most people. (For more on pro_spéct theory, see Kahneman & Tversky, 1979,

1982, as well as Tversky & Kahneman, 1992, for recent extensions.) The function

in Fig. 1 represents a typical decision maker who is indifferent between a 50%

chance of ‘winning $100 and a sure gain of roughly - $35, and, similarly, is
indifferent between a 30% chance of losing $100 and a sure loss of roughly $40.
Such a pattern of preferences can be captured by a power function with ap
exponent of .65 for gains and .75 for losses. While prospect theory also
incorpgrates a decision weight function, =, which maps stated probabilities into
their subjective value for the decision maker, we will assume, for simplicity, that
decision weights coincide with stated probabilities. While there is ample evidence”

'to the contrary, this does not change the present analysis.” - »

Consider, then, a person P whose values for gains and losses are captured by
the function of Fig. 1. Suppose that P is presented with the gamble problem above
arid is told that he has won the first toss, He now needs to decide whether to
accept or reject the second.”P needs to decide. in other words, whether to

o
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often less compelli i f these definite reasons alone (for further ; *
discussion of t f role of reasons in choi seg Shaﬁr,l Simonson, & Tversky, _ T %
1993 ‘ -
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Fig. 1. The value function v(x) = £2¢for x = 0 and v(x) = —(~£) CHor x < 0. . "
C '
&
maintain a sure gain of $200 or, mstead opt for an equal chancc at either 4'$100 -
or a $400 gain. Given P's value function, his choice is betwéen two options whose
expe’ctcd values are as follows: - . .

egt the second gamble: .50 x 400“*" +.50% 100'*? = 2 0O
RCJCCI the second gamble 1.0x2000% . 400

Because the he value of the first opllon is_greater than that of the second, P is
‘predicted to accept the second gamble. Similarly, when P is told that he has lost
the first gamble and'needs to decide whether to accept or re;cct the second, P

faces the foilowing options:
S‘th%n\fﬂ

Accept the second gamble: ‘50>< -[200" ”’]+ S0x 16040 = — 50O
eject the second'gamble:  1.0x -[100""")] = — \po

R o
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Again, since the first quantity is larger than the second, P is predtcted to accept
the second gamble. . '

Thus, opce the outcome of‘fhe first gamble is known the value function of* Fig.
1 predicts that person P will acceptthe second gamble whether he has won or Jost
thc first _M_dl is P expected to do when the outcome of the first gamble is not
known? Because. he does not Know the. outcome of the first gambie, P may

. ‘momcntarlly_ assume that he is still where he began - that, for moment, no

changes have transpired. Not knowing whether he has won or lost, P remains for
now at the status quo. at the origin of his value function. When presented with the
decision to accept or reject lhe second gamble, P cvaluates it from his original
position. without incorporating the outcome of the first gambie, which remains
unknown. Thus. P needs 10 choose between accepting or rejecting a gamble that
offers an cqual chance to win $200 or lose $100:

-

Accept the second gamble: .50 x —[100' '} + 50x 200" K
Reject'the seccond gamble: 0.

“Z
Because the expected value of accepting is just bcl':aw 0, P decides to reject the
second gamble in this case. .

Thus, aided by prospect theory's value function, we see how a decision maker’s
“suspension of judgement” ~ his tendency to assume himself at the origin, or
status quo, when it is not known Whether he has won or lost - leads him to re.j ct
an_option_that_he would accept no matter what his actual position_may be.
Situated at 4 chance node whose oulcome is not known, P's relustance to consider

 each of the hypothetical branches l¢ads him 1o behave in a fashion that conflicts

with his preferred behavior given either branch. People irf these situations seem to™.
confound their epistemic uncertainty - what thcy may or may not know —with
uncertainty about the actual consequences - what may or may not have occurred,
A greater focus on the consequences would_have helped our subjects realize the
implications for their preference of either of the outcomes. Instead, not knowing
which was the actual ofitcome, our subjects chose to evaluate the situation as if
neither outcome had obtained. B is this reluctance to think through disjunctions
that characterizes many of the phcnnmenamclnw.

- 3

(-.
Search for noninstrumental information: the Hawaiian vacation +
Imagine that you have just taken a tough qualifying exam. [t is the end of the -

semester, you fecl tired and run-dowg, and you are not sure that you passed the
exam. In gase you failed you have to take 1t again in a couple 'of months - after

a4
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the Christmas holidays. You now have an opportunity to buy a very attractive
S-day Christmas vacation. package to Hawaii at an exceptienally low prite. The
special offer expires tomorrow. while the exam grade will not be available unl
the following day. Do you buy the vacation package?

This question was presented by gsky and Shafir (l‘mto Stanford
" University undergraduate students. Notice that the outcome of the exam will be
known long before the vacation begins. Thus, the uncertainty characterizes the
present. disjunctive situation, not_the eventual vacation. Additional, related
versions were presented in which subjects were to assume that they had passed
_the exam, or that they had failed, before they had to decide about the vacation.
We discovered that tany subjects who would have bought the vacation to Hawaii
if they were to pass the exam and Jf they were to fail, chose not to buy the
vacgtion when the exam’s outcome was not known. The data show that more than
half of the students chose the vacation package when they knew that they passed
the ‘exam and an cven larger percentage chose the vacation when they knew that
they faited. However, when they did not know whether they had passed or failed,
tess_than_opc-third of the students chose the vacation and the majority (61%) »
were willing to_pay $5 to postpone the decision until the following day, when the
results of the exam would be known.” Note the similarity of this pattern to the
foregoing gambile. éy:enarlo situated at a node whose outcome is uncertain, our
students envision themselves at the status quo, as if no exam had been taken. This
“suspension of judgement’™- the reluctance to consider the possible branches
(having either passett or failed the exam) - leads our subjects to behave in a
manner that confljéts with their preferred option given either branch. )

The pattern observed in the contextof this decision is partly attributed by
Tversky and Shafir CASC Jhat subjects summon uying the ?/"-O / '
vacation (see also Shaﬁr. Simonson, & Tversky, 1993) for further discussion).

Once the outcome of the exam is known, the student has eood — albeit different —
Jeasons for going to Hawaii: having passed the exam, the vacation can be seen as

a reward following a succgssful semester; having falled the exam, the vacation
becomes a consolation and time to recuperate before a re-examination. Not
knowing the outcome of the exam, however, the student lacks a definiteA€ason >
for going to Hawaii. The igdeterminacy of reasons discourages many students
from buying the vacation, even when both outcomes — passing or.failing the
“e¢xam — ultimately favor this course of action. Evidently, a disjunction of different

“Anuther group of subjects were presented with both Fait and Pass versions, and asked whether
they would buy the vacation package in each case. Two-thirds of the subjects made the same choice in
the 1wo vonditions, indicating that the data for the disjunclive version cannot begxpliined by the
hypothesis that 1hose wha buy the vacation in case they pass the exam do not buy it in case they fail, .
and vice versa. While only one-third of the subjecty wpade different decisions _depending on the
outcome of the exam, more than 60% of the subjects chose 4g wait when the oulcome was not known, .S




choose to go to Hawaigin cither case. Such willingness to pay for noninstruméntal
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rcaqons (reward in gase of success;- conSolauon in case of fallure) can be less

Lompellmg than either definite teason atone. . . :
A significant proportion “of subjécts we& willing to pay, i effect, for '
information that was ultimately not going to alter their decision - they would

+

information s "at variance’ with the classical model, in which the worth. of
information is determined by its potential-to influence choice. People’s reluctance

to think through disjunctive sitdations, on the other hand. entails thaf nonin-~
strumental information will sometimes be sought. (See m

for additional studies of the search for noninstrumental information and its effects

on choice. )Wh:lc vagucly aware of the possible outcomes, pcople seem seludtang ‘
to fully entertain the consequences as long as the actual outcome 48 uncertain,
When, seemingly reievant information may become available, they often pigfer to
have the uncertainty- resolved, rather than consider the consequenqe&‘? each -
branch of the tree under the veit of uncertamty A greater tendency togonsider - - -
the potential consequences may sometimes help unveil the noninstrumental

_nature of missing information. In fact, when suf)]ects were first asked to

contemplate what they would do in case they failed the exatn and in case they -
passed. almost. no subject who had exprcsscd (he same preference ¥or .both -
vutcomes then.chose to wail to find out whucll oytcome obtained (Tversky &
Shafir, 1992).

The decision of many Subjects in the disjunctive sccnano above was not gutded
by a simple evahluation of the consequences (far; then they ‘would have reallzecl'r
that ‘they prefer to go to Hawaii in -¢ither case)-. An adequate account of lhls*
behavior nceds to contend with the fact that the very simple gnd cempcllmg
disjunctive logic of STP does pot.play a decisive role in Slibj‘ecg-‘reag.omng A )

‘behavioral pattern which systematically violates a simple normative rule requires
" both a positive as well as a negative account (see Kahae

man and Tversky, 1982
for discussion): We need to understand not oniy the. factors that’ produce a

particular response, but also why the correct response is nm made. Work on the | . '
Jconjunction fallac (Shdﬁl’ Smith, & Osherson, 1990; Tversky- anid: Kahneman, S

_1983). for cxample, has addressed both the Jact that ‘people’s. probability

1

\Judgcmcnt relies on the rcpresentdfwcnf;ss beuristjc — a pos:twc account — as well - 7

as the fact that peuple da. not percewe the’ extensional logic of the comunction z

-

rule as decisive ~ a negative -account, The present work focuses on the negative T

Tacet of noncunacqucntlal reasoning and STP violations. 1t argues that like other

‘principles of reasoning and decision smaking, STP is very compellidg when stated .

in.a general and abstract form, but is often non- transparent; pdrtlcularly beLause .
it applics to disjunctive situations. The fnllowmg section briefly reviews studies of
noneonscyuential decision” making in lhe context of games, dl‘ld cnsumg ‘il;(.‘tl()ns e

extend lh(, analysis. lu other domains.
’
’ - T
v ! A R - ' 4

-



-Prfsonér's di!emma R

Games T N .-

Thc theory of games explores lhe imteraction between Playcrs actlng accordmg
to specific rules, Ore kind of two-person game that has received ‘much attention is
the Prisoner's dilemma, or PD. (For an extensive treatmeni, see Rapoport &
Chamma{l 1965). A typical' PD is presentefiain Fig. 2. . .

Thevel] entries indicate the number of pomts each player receives contmgcnt
-on the two playc;s choices. Thus, if hoth coope[&tc’each receives 75 points but if,
“for example. the other cooperates andh you compe&hﬁbu receive 85 points while,
the other receives 25. What characterizes the PD ig that no matter what the other -
doe& each player fares better if he competes than if he cooperates; yet, if they
bSth compete they do significantly less well than if they had both coperated.
Wlayer is encountered at most once, there is ‘no opportunity for

conyeying strategic messages, mducmg remprocny or otherwise: mﬂuencmg the

“other player's choice, of strafegy. "
A player in a PD faces a disjunctive situation. The other chooses one, of two
strategies, either 1o compete or 1o cooperate. Not knowing the other’s choice, the *

first player. must decide on’ his own strytegy. Whereas each player does better

competing, thmr mutuaslly preferred outcome results from mutual couperauon
Father than compepuon A player, therefore, experiénces conflicting mbtivations.
Regdrd]ess of what the other does, he js better off being selfish and competing;

but as sumiTng_that the other acts very much like himself,. they ate better.off both
ruakmg the ethical defision to.cooperate rather than fhe selfish choice to éompete
How might this d:s]unctwé suuatlon mﬂﬂcntc people 5 cﬁ«alce ofF siralegy"

. - . ML
. , . Lo L.

) b ‘ O I .I v )
, ’ . _ cooperaics competcs ! i
Lt Yo: 75 | You 25 L
Ll coapnratc Ut .o .
e ] Qther: 15 " Other:- 85 )
- . YOU A 1 .. ‘I_ . - . - . r
a A . — 0 V . v . .
’ .. . P ‘ : “Ypu: 85 "You: 80 1 -
: compele L -
) ’ Other: 25 Other: 30 _ | 7 -

Fig. 2 f

3

other payer receive (rm.'mgem on your choites.

- ]
L -

A rypnuf prisoner’s ditemma. The cell entriey indivate the number of p(}m:‘.\ that vou und the
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Shafir and Tvequy (1992) have documen(ed dlS]uIlCthl'l effects in one-shot Pb
games played for real payoffs. Subjects (V = 80) played a series of PD games (as

in Fig. 2) on a computer, each against a different unknown opponent suppoﬁ:dly‘
selected-at random from among the participanfs. Subjects were told that they had -

been randomly assigned to a “‘bonus group”, any that pccasiotiaily they would be
giverr, information about the other player’s glready-chosen strategy before lhey

had to choose their own. This information appeared on the screen next-to the :

game, and subjects were free (0 take it into account in making their decision. (For

details and the full instructions given to subjects see Shafir & Tversky, 1992.) -

The rate of coopération in this setting wds 3% when subjects kn(:w that the
oppd'ﬁ?ﬁl_liraﬂl%e"_d[| and 16% when they knew that the - opponent had
-cooperated. Now what should subjects do when the opponent’s decision is not
kanown? Sinte 3% cooperate when the other competes and 16% cooperate ‘when

the other cooperates; one would expect an intermediate rate of cooperation when -

the other's strategy is not known. Instead, when subjects did not know whether
their opponent had cooperated or defected (as is normally the case in this game).
the rate of copperation rose to 37%. In violation of STP, a quarter of the subjects
' .defected when they knew their opponent's- choice — Be it cooperation or
defection - but cooperated when their opponent’s choite was not known. Note
the recurring pattern: situated at a disjunctive node whose outcome is uncertain,
these subjects envision themselves at the status quo; as if, for the moment, the
* uncertain strategy selected by the opponent has no clear consequences. These
players seem to confound their epistemic uncertainty — what they may or may not
knqw abqut the other's choice of strategy —with uncertainty about the actual

conqequcnccs — the fact that the other'is bourll to be a cooperator or a defector,.

and that they, m turn, are bound t¢ respond by defecting in cﬂhcr case. (For
further analysis and a positive account of what may be driving subjects tendency
to_cooperate under uncerlamly. see Shafir & Tversky, 1992.)

Newmmb's ,prob(em and guasi-magical thinking

-
1

Upon tompleting the PD gamc described in the prewous section, subjects |

(N = 40) weré presented, on a gomputer sereen, with the following scenario based

on the celebrated Newcomb's problem (for more on Newcomb's problem, see -

Nozick, 1969; see Shafir & Tversky 1992, for further detail and discussien of‘the
éxperiment). : ]

.

kYuu new have one mure chance to cotlect additional points. A program developed recently at MIT
wus apphied dunng this ¢ntire session 10 analyze the pattera of your prcfcrcnccs Based on that
analysis, the program has predicted your preference n this final pmhle

.

—
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| 20 poimsl ( 7 1
Box A Box B

~ -

Consider thc two boxcs “thove. Box A contains 20 peints for sure. Box B may or may not comalr@
pmmf, Your options are to: .

(l) Cho{lsc roth boxes (and collect the points lhdl are in both). . v
(2 Chuusc Box B only {and collect only the points that are in Box B).

11 1he program predicted, based on observation of your previous preferencgs, that you will take both

~ boxes, then it left Box B empty. On the other hand, if it predicted that you will tzke only Box B, then

it put 250 peints in that box. (50 far, the program has been remarkably successful: 92% of:the

participants who choose 1:m|3.r Box B found 250 points-in it, as opposed to 17% of those who chose
both boxes.)

To msure that the program does not altcr its guess after you have mdlcated your prefesence, please
indicate ta ihe persan in charge whether you prefer both boxes or Box B only. After you indicate your
.preference, press any key to discover the allocation of points.

According to.one rationale that arises in the context of this decision, if the
person chooses hoth boxes, then the program, which is remarkably good at
predicting preferences, is likely to have predicted this and will not have put the
250 points in the opaque box. Fhus, the person will get only 20 points. If, on the
. other hand, the person takes only the; opaque box, the program is likely to have
predicted this and will have put the 250 points in that box, and so the person will
get 250 points. A subject may thus be tempted to reason that if he tj\kes both
boxes he is likely to get only 26.points, but that if he takes just the opaque box he
is hikely to get 250 points. There is a compelling motivation to choose ]ust the
.opaque box, and thereby resemble those who typically find 250 points it it. |

There is, of course, _another rationale: the program has already made its

‘prediction and has already either put the 250 points in the opaque box or has not.

If it has already put the 250 points in the opaque box, and the person takes both
boxes he gets 250 + 20 points, whereas if he takes only the opaque box, he gets
only 20 points. If the program has not put the 250 points in the opague box and
the person takes both bdxes he gets 20 points, whereas if he takes only the
opaque box he gets nothing. Therefore, whether the 250 points are there or not,
the person gets 20 pomts more by taking both boxes rather than the opague box
only. .

The second ratlonale relics on consequentialist reasoning reminiscent of STP
(ndmgly, whatever the state of the boxes following the program’s prediction, [ will
do better choosing both boxes rather than one only). The first rationale, on the
other hand, while couched in terms of expecied value, is partially based on the
assumption ihe_it what the program will have predicted — although it has predicted
this already ~ depends somehow on what the subject ultimately decides to do.

The results we obtained were as follows: 35% of the subjects chose both boxes,
while 65% preferred to take 8ox B only. This proportion of choices is similar to

th@robserved in other surveys concerning the original Newcomb's problem (see,

e
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for example. Gardner, 1973, 1974; Hofstadter, 1983). What can be said about the
majority who prefer to take just one box? Clearly, had they known fdr certain
that theg were 250 points in the opaque box (and could see 20 in the other), they
wguld haye taken both rather than just one. And certainly, if they knew that the

", 250 points were qc;t in that box, they would have taken both rather than just the
“ape. thav’s empty, These subjects, in other words, would have taken both boxes
Had they_'imowﬁ that Box B is either full or empty, but a majority preferred to
take only Box B when.its contents were not known.

- ,f?'l‘he gﬂi_t:_tiﬂgwéns that subjects experience in the disjunctive situation —
. the program’s prediction is not known - are obviously resolved in favor of
bat boxes once the program’s decision has been announced: at that point, no
matter what the program has predicted; taking both boxes brings more points.
Subjects, therefore, should choose both boxes also when the proksam’s decision is
uncertain. Instead, thany subjects fail to be moved by the foredgeable conse-
quences of the program’s predictions, and succumb to the strong tpotivation to
choose just the opaque box and thereby resemble those who typicalig find 250
points in it.' As Gibbard and Harper (1978) suggest in an attempt to explain
people’s choice of a single box, “a person may ... want to bring about an
indication of a desired state of the world, even if it is. known that the act that
brings about the indication in no way brings about the desired state itself”. This
form of magical thinking was demonstrated by Quattrone and Tversky (1984), .
whose subjects selected actions that were diagnostic of favorable outcomes even
though the actions could not cause those outcomes. Note that such instapces of
magical thinking typically occur_in _disjunctive situations, before the exact
outcome is known. Once they are aware of the outcome, few people. think they
can reverse it by choosing an action that is diagnostic of an alternatjve event,

Shafir and Tversky (1992) discuss various manifestations of *quasi-magical™

thinking, related to phenomena of self-deception and illusary control. These
include people’s tendency to place ]ar’*\rfymmmn has
been tossed (Rothbart & Snyder, 1970; Strickland, Lewicki, & Katz, 1966), or to
throw dice softly for low numbers and harder for ‘high ones *(Henslin, 1967}.
Simularly, Quattrone ang Tversky (1984) note that Calvinists act as if their
behavior will determine whether they will go 10 heaven or 19 hell, despite their
Belief in divine pre-determination,__\rghw’iIithat ‘their fate has been de-
termined at birth. The presence of uncertainty, it appears, is a major contributor
to quasi-magical thinking; few people act as if they can undo an already certain

-

"The fact that subjects do not see through this disjunctive scenario seems indisputable. 11 is less
clear, however. what conditions would serve .to make the situation more: transparent, and to what
extenl. Imagine, for example, that subjects.wgre given a sealed copy of the program’s decision to take
hame with them, and asked 10 inspect it that evening, after having made their choice. It seems likely

that an emphasis on the fact thal the program's decision has been made_would reduce the
tendency to chouse a single box. )
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" event, but while facing a disjunction of events, people often behave as if they can
exert some control over the outcome. Thus, many people who are eager to vote
while the oulcome is pending, may no longer wish to do so once the outcome of

 the elections has been determined. In this vein, it is possible that Calvinists would
perhaps do fewer good deeds if they knew that they had already been assagned to
hedven, or to hell, than while their fate remains a mystery. Along similar lines,

/__jassaa g @69} Jiscusses the close relationship between uncertainty and superstiti-
ous behavior, which is typically exhibited in the context of uncertain outcomes
rather than in an attempt to alter events whose outcome is already known.

As illustrated by the studies above, people often are reluctant to consider the
possible outcomes of disjunctive situations, and instead suspend judgement and
envision themselves at the uncertzin node. Interestingly, it appears that decision
under uncertainty is only one of numerous domains in which¥subjects exhibit a
reluctance to think through disjunctive situations, The difficulties inherent to
thinking through uncertainty and, in particular, people’s reluctance to think
through disjunctions manifest themselves in other réasoning and preblem-solving
domains, some of which are considered below. '

Probabilistic judgement

Researchers into human intuitive judgement as well as teachers of statistics
have commented on people’s difficulties in judging the probabilities of disjunctive(
events (see, for example, Bar-Hillel, 1973; Carlson & Yates, 1989; Tversky &
Kahneman, 1974). While some disjunctive predictions may in fact be quite
“complicated, othersare simple, assuming that one sees though their disjunctive
character. Consider, for example, the following “guessing game’ which consisted
of two black boxes presented to Princeton undergraduates (N =40) on a
cgmputer.screen, along with the following instructions.

Under the black cover, each of the boxes above is equally likely to be either white, blue, or purple.
You are now offered 1o play one of the following two games of chance:

Game | You guess the color of the lefi-hand box. You win 50 points if you were right, and
nathing if yau were wrong,

Game 2: You cheose to uncover both boxes, You win 50 points if they are the same color. and
nothing if they are different coless.

The chances of winning in Game 1 are 1/3; the chances of winning in Game.2 are
also 1/3. To see that, one need only realize that the first box is bound to be either
white, blue, or purple and that, in either case, the chances that the other will be
the same color are 1/3. Notice that this reasoning incorporates the disjunctive
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logic of STP. One enumeratcs the possible outcomes of the first box, considers the*
chances of winning conditional on each outcome, and realizes that the chances are-
the same no matter What the first outcome was. Subjects, therefore, are expected
to find the two games roughly equally attractive, provided that they see through
the disjunctive nature of Game 2. This disjunctivé rationale, however, se€ms not
o have been entircly transparent to our subjects, 70% of whom indicated a
preference for Game 1 (significantly different from chance, Z =2.53, p < .05).
These subjects may have suspected an equal ¢hance for both games, but a certain
lack of clarity about the disjunctive case ‘may have led them tp prefer the
unambiguous first game. Whereas this preference could also be attributed to
subjects’ beliefs about the computer set-up, the next version not only insured the
perceived inde]ﬁendence of outcomes, but also emphasized the game’s sequential
character which, it was thought, may make its disjunctive nature more transpar-
ent. One hundred and three Stanford undergraduates listed their hlghest buying
prices for the gambles below:

The following games of chance are played with a regular dic thal has two yellow smles two green
sides. and two red sides:

Game A: You roll the die once. You win $40 if it falls on green, and nothing dtherwise. What is
the largest amount of money that you would be willing 10 pay to participate in this
gamg? .

Game B: You 1oll the die twice. You win $40 if [ it falls un the same color both times (e.g., both
ted. or both green) and nathing otherwise, What Jis the largest amount of moncy that
you would be willing te pay to participate in this game?

The probability of winning in Game-A is 1/3. The probablhly of winning in Game
B is also 1/3. To see this, one need’ only reatize that for every outcome of the first
toss, the probability of winning on the second toss is always 1/3. Forty-six percent
of our subjects, however, did not list the same buying price for the two games.
Eighty-five percent of these subjects offered a higher. price for Game A than for-
Game B. In fact, over all subjects, Game A was valued at an average of $6.09,
while Game B was worth an average of only $4.69 (1 = 4. 65, p <.001). We have
investigated numerous scenarios of this kind, in all of which a large proportion of
subjects prefer to gamble on a simple event over an equalty likely or more I:kely
disjunctive event,

h

Inductive inference

Inferential situations often involve uncertainty not only about the conclusion.,
but about mises as well. The judged guilt of a defendant depends on the
veracity of the witnesses; the diagnosis of a patient depends on the reliability of
the 1ests: and the truth of a scientific hypothesis depends on the precision of
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carlier observations. Reasoning from uncertain premises can be thought of as
reasoning through disjunctions. How likely is the defentant to be guilty if the
witness is telling the truth and how likely if the witness is lying? What is the
liketihood that the patient has the disease given that the. test results are right, and
what is the likelihood if the results are false? The aggregation of uncertainty is the
topic of various theoretical proposals (see, for example, Shafer & Pear!, 1990), all

"of which agree on a general principle implied by the, probability calculus.

According to this principle, if 1 believe that event A is more probable than event
B in izght of some condition ¢, and if I also believe that event A is more probable

than event B given the absence of ¢, then | believe that A is more probable than.

B regardless of whether ¢ obtains or not. Similar to the failure of STP in the
context of choice, however, this principte inay not always describe people’s actual
judgements.

In the following pilot study, 182 Stanford undergraduates were presented with
the divorce scenario below, along with one of the three questions that follow:

Divorce problem ¢

Tim and Julia, both school teachers, have been married for 12 years. They have a L0-year old son,
Enc, to whom they are very attached. During the last few years Tim and Julla have had recurring
marital prottems. They have consulted marnage counselors and have separatetl once for a couple
of months, but decided to try again. Their marmiage 15 presently at a new low.

Disjunctive quession (N = 88):
What do you think are the chances that both Tim and Julia will agree to a divorce settlement (that
specifies whether Eric is to stay with his father or with his mother)?

§59.8%]

Mother question {N 467:

What do you think are the chances that both Tim .md Julla wilt agree 10 a diverce settlement if
Eric is to stay with his mother?

B

. , 149.8%]

Father guestion (N = 48):

What do you think are the chances that both Tim and Julia will agree 10 a divoree setilement if
Eric is [0 stay with his father?
—

[40.7%1

Next to each quéstion is’its mean prebability rating. Subjects judged- the
probability that the parents will agree to a divorce settlement that specified that
the child is to stay with his father to be less then 50%, and similarly if it specified
that the child is to stay with his mother. However, they thought that there was a
higher - almost 60% - chance that the parents would agree to divorce in the
disjunctive case, when there was un inty about wheth settlement would
specify that the child is to stay with the father or with the mother (z = 4.54 and
2.52 for the father and for the mother, respectively; p< .05 in both cases.)
Because the above effeet is small, and there are potential ambiguities in the
interpretation of the problem, more exploration of this kind of judgement is

1} 14, 2o, 2!
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required. It docs appear, however, that people’s reasoning through this digjunc-
tive situation may be nonconsequential. In effect, the pattern above may capture.
a “disjunction cffect” in judgement similar to that previously observed in choice.
Either disjunct - each branch of the treg - lcads to attribute a probability of less
than onc-half, but when facing the disjunction people, estimite a probability
greaier than ene-half, ' .

Disjunction effects in judgement are likely to arise in contexts similar to those
which characterize these effects in choiee: While cither disjunct presents a clear
scenario with compelling reasons for increasing or dcc'reasing one's probability
cstimate, a disjunctive situation can be less compelling. Thus, people tend to
suspend  judgement Iirf‘_"disjunctivc situations, even if every disjunct: would
aventuatly affect their perceived likelihood is similar ways. As in choice, instead
of contemplating the cohsequences of traversing each of the branches, people
tend to remain nenconsequential @t Lthe uncertain node. in the above divorce
scenario, it appears, people sec a clear rcason for lowering the probability
estimate of a settlcmenl"ohaézthcg know that the child is to stay with his father,
namely, the mother is likely to object. Similarly, if the child is to stay with his
mother, the father will object. But what about when the fate of the child is not
known? Rather than consider the polential objeclionﬂ)f cach pafent, subjects :
cvaluate the sitvation from a disjunclive perapeclive, wherein neither parent has
reasons (o object. From this perspective the couple seems ready for divorce.

Of course, people do not always refrain from considering the potential
implications of disjunctive inferences. The pitor data above tHustrate one kind of
situation that may yield such cffeets duc 1o the way uncertainty renders certaip
considerations less compeliing. More generaily, such patterns can emerge from a
tendency towards “concrete thinking™ (Skovic, 1972) wherein pepple rely heavily
on information that is explicitly svailable, at thk cxpense of other information
which remains implicit. Numerous studics have shown that people often do not
decompose categories into their refevant subcategories. For example, having been
todd that “robins have an ubnar ariery”, subjects rate it more likely that all birds
have an ulnar artery thun that ostriches have it (Osherson, Smith, Wilkie, Lopez,
& Shafir, 1990, xee also Shafir, Smith, & Osherson, 1990). A precondition for
such judgement is the failure 1o take account of the fact that the category birds
consists of subcategorics, like robins, sparrows, and ostriches. Along similar lines,
must subjocts estimale the (requency, om a typical page. of seven-leiter words that
end in ing (- ---ing) 10 be greater than the frequency of sevea-letter words that
huve the letter 7 in- the sixth position {----n-) (Tversky & Kshneman, 1983).
When making these estimates, subjects focus on the particular category under -
‘consideration: because instances of 1he former category ure more easily availablen™
than instunces of the latier, subjects erroncously conclude that they must be lripre;r&-
frequent. Evidently, subjecis do not decompose the latter category into' pii
constiluent subcategories (i.e., seven-letter words that end In ing, seven-letter
wards that end in emt, seven-letter words that end in ine, etc.). :
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* Various -manifestations of the lcnd.cncy for considerations thaﬂ_a.ré-out,of Ei‘ghtr <
to be oot of ming have becn documented. by Fischhoff, Slovic, and "Lichtenstein’

(1978} who, for example, asked car mechanics tg assess the probabilities of
different causes of a car’s failure to stast. The mean probability assigned to the
hypothgsis “the cause of failyre is something other than the battery, the fuel
system, or the engine” doubled when thé unspecified disjunctive altefnative was
broken up into somerof its specific disjuicts (e.g.. the starting system, the ignition
system, etc.} Along similar lines, Johnson, Hershey, Meszaros, and Kunreuther
(1993) found that subjecls -were willing to pay more when offered health
insurance thal covers hospitalization fot “any disease or accident” than whep

offered health insurance that covers hospitalization “‘for any reason”. Ewdentlﬁ«

subjects do not perceive the latter, implicit dlSjunClIOI‘l as encompassing the
various dls]uncls explicitly mentioned in the former. For an extensive treatment
“of the relationship between explicit and implicit disjunctions in probability
judgement, sce Tversky and Kochler (1993).

Inferential disjunclion effects may also occur in situations in which different
rationales apply to the various disjuncts. Under uncertainty, people may be
reluctant Lo contemplate the consequences, even if they would eventually affect
judgement in similar ways. Shafir and Tversky (1992) have suggested -that the
tinancizl markets’ behavior during the 1988 US Presidential election Rad aff the
makings of a disjunction effect. In the weeks preceding the election, US finanéial
markets remained relatively inactive and stable, “because of caution before the
Presidentiul election™ (The New York Times, November 5, 1988). “‘Investors were
reluctant 10 make major moves carly in a week full of economic uncenainty and
seven days away from the Presidential clection” (The Wall Street lpurnal,
November 2, 1988). Immediately following the clection, a clgar outlook emerged.
The dollar plung(.d sharply to its lowest level in 10 monihs, stock and bond prices

declined, and the Dow Jones industrial average fell a total of almost 78 points .

over the ensuing week. The dollar's decline, explained the analysts, "reflected
conttnued worry about the US trade and budpet deficits”, “economic reality has
sct back in" (WSJ, November 10). The financial markets, observed the NYT,
“had generally favored the election of Mr. Bush and had expected his victory, bt
in the three days sinee the election they have registcred their concern abouyt where
hc goes from herc”. OF course,’ the financial markets were likely to have

registercy ot lesst as much concern had Mr. Dukakis been elected. Most fpadert

agree, wrote the WSS, that the stock market would have dropped significan d
Dukakis staged a come-from-behind victory. "When 1 walked in and iooked at
the screen”, explained one trader after the clection, [ thought Dukekis had
won” (NY.T, November 10).

Alter days of inactivily preceding the election, the marketl declined immcdl-
ately following Bush's victory, and would have declined at least as much had
Dukukis been the viclor (these would unlikely be due to disjoint sets of actors).

Of course, a thorough analysis of the Anancial markets’ behavior reveals
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numcrous complications, but, at least on the surface, this incident has all the
makings of a disjunclion"eﬂccl: the markets would decline if Bush was elected,
they would decline if Dukakis was elected, but they resisted any change Until after
the elections. Being at th;’ node of such a momentous’ disjunction seems to have
stopped Wall Street from, addressing the expected consequences. “Considering
how Wall Sireet had rooted for Bush's election”, said the NYT {November 11},
“its reaction to his vic{tory was hardly celebratory. Stocks fell, bonds fell and the
doltar dropped. 11 makes on¢ think of the woman in the New Yorker certodn
discussing 4 fricnd’s failing marriage: ‘She gol what she wanted, but it wasn't what.
she expegjed’.” Indéed, it is in the nature of nonconsequential thifiking to
cncounler events 1hat were bound to be, but were not expected. Cot

uiT.
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Deductive inference
The Wason selection task

One of the most investigaled tusks in researchinto human reasoning has been
the selection task, first described by Wason (1966). In a typical version of the
task, subjects are presented with four cards, cach of which has a letter on one side
and a number en the other. Only D!_]_E‘Siig*c of each curd is displayed. ]l'or example:

® .08, @ o

Subjects” 1ask is to indicate those. gards, and only those cards, thdt must be turned )

over (o test the Milowing rute: “1fthers is a vowe! on one side of the card, then <
there is an even number on the other side of the cord.” The simple structure of

the Lask is deceptive - the greal majority of subjects fail to solve it. Most select

the £ card or the £ and-the 4 cards, whereas the correct choices are the £ and

the 7 cards. (The success rate of initial choices in dozens of studies emplaying the

brasic form of the selection task typically ranges between 0 and a little over 20%; -

sce Evans, 1989, and Gilhooly, 1988, for reviews.} The difficulty of the Whson

sclection task is perplexing. Numerous variations of the task have been>docu-

mented. and they generally agree that people have no trouble evaluating the
relevance of the items that are hidden on the other side of cach card. Wason and
Johnson-Laird (1970; see also Wason, 1969) explicitly address the discrepancy Ra
between subjects” ability 10 evaluate the relevance of potential outcomes {i.e., to=
understand the truth conditions of (he rule), and their inappropriate selection of

the relevant cards. (Qakhill & Johnson-Laird, 1985, report related findings
regarding subjects’ selection of counterexamples when testing generalizations.)
While the problcm is logically quite simple, they conclude, “’&earjy it ig the— g
ittempl 10 solve it which makes it difficult” {Wason & Johnson-l:ﬁirjq--}f'{:!._ p.

l?ﬁl}, Thus, subjects understand that neither a vowel nor a consonant on thév;her_ ,' 0
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side of the 4 card contributes 1o thevpossible falsification of the tule, yet they
choose to turn the 4 card when its other side is not known. Similarly, subjects
understand thal a consonant on the other side of the 7 card would not falsify the
tule but that a vowel would falsify it, nevertheless they neglect to turn the 7 card
in the disjunctive situation. As Evans (1984, p. 458) has noted, “this strongly_
confirms the view that card selections are not based upon any analysis of the

. consequences of turning the cards™. Subjects are easily able 1o evaluate the logical ™

consequences of potential outcomes in isolation, but they seem 1o act in ways that
ighore these consequences when facing a disjunttion,

What exactly subjects do when performing the selection task remains outside
the purview of the present paper, especially considering the numerous studies that
have addressed this question. In general, a pattern of content effects has been
observed in 4 number of variations on the task {scc, for example, Griggs & Cox,
1982, Johnson-Laird, Legrenzi, & Legrenzi. 1972; and Wason, 1983, for a review;
although sec also Mankiclow & Evans. 1979). It is likely that such content effects
facititale performance on the sclection tusk by rendering it more natural for
subjects to contemplate the possible outcomes, which tend to describe familiar
situitions. To cxplain the various effects, rescarchers have suggested verification
biases (Johnson-Laird & Wason, 1970), matching biases (Evans, 1984; Evans &
Lynch, 1973}, memorics of domain-specific experiences {Griggs & Cox, 1982;
Munkiclow & Evans. 1979}, pragmatic reasoning schemas {Cheng & Holyoak,
[985, 1489}, selective Tocusing (Legrenzi, Girotto, & Johnson-Laird, 1993), as
well as an innate propensity o look oul for cheaters (Cosmides, 1989). What
these explanations have in common s #n account of performance on the selection
Lask that docs not ainyoldve, disjunclive reasoning per se. Instead, people are
assumed o forus on items that Rave been explicitly mentioned, to apply pre-
stored knowledge structures, ot to remember relevant past experiences. While
muast people find W trivially casy 1o reason logicatly about each isolaled disjunet,

s the disjunction leads them to withhold such seasoning, at least when the content is
v not fumiliar. Subjects confronied with the above four-card problem fail to

comsicler the fogical conscyuenves of wurning cach card. and instead remain,
Judgement suspended, ar the disjunctive node, the cards® hjdden sides not having
been adequately evalualed.

The THOUG problem

Another widely investigated reasoning problem whose disjunctive logic makes
it difficult for most people 1o solve is the THOG problem {Wason & Brooks,
1979}, The problem presents four designs: a black trizngie, a white triangle, a
black circle, and a white circle. Subjects are given an exclusive disjunctﬁ)n rule.
They are 10ld that the experimenter has chosen one of the shapds (triangle or

-
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circle) and one of the colors (black or white), and that any design is a. THOG if,
and only if, it has either the chosen shape or color, but not both. Told that the
black triangle is a THOG, subjects are asked to classify each of the remaining,
deglgns The correct solution is that the white.circle is a THOG and that the white
triangle and the black circle ‘are not. This is because the shape and color chosen
by the expenmenler can only be either a circle and black, or a triangle and white.
In both cases the same conclusion foilows: the black circle and white trlangle are

not THOGs and the white circle is. The majority of subjects, however, fail to

follow this disjunctive logic and the most popular answer is the mirror image of
the oryect response. Reminiscent of the gelection task. subjects appear 1o have
no difficulty evaluating what is and what is not a THOG once they are told thp
particular shape and color thosen by the experimenter (Wason & Brooksy” 79
it is when they face a disjunctiph of possible choices that subjects apf€ar not to
work through the consequencés. Uncertain ‘about the correct shiape and color,
subjects fail to consider the consequences of the two options and reach a
conclusion that contradicts their preferred solution gwen gither alternative, Smyth
and Clark (1986) and Girotto and Legrenzi (1993) also address the relationship
between failure on the THOG problem and nonconseguential rcason‘g through
dl‘-.juncuons — y; :
| S

Double disjunctions .t

Further evidence of subjécls‘ rcluctan‘;:e to think through :nferehnal disjunc-
tions comes from a\rccent study of propositional rcasoning conddcted by JoMn-
Laird, Byrne, and Schaeken (1992; see also Johnson-Laird & Byrne, 1991,
Chapter 3). These investigators presented subjects with various premises and
asked them to write down what conclusion, if any. followed from those premises.
They concluded that reasoning from conditional premises was easier for all
subjects than reasoning_from-disjupctive ises. In one study subjects were
presented with “‘double disjunctions” — two disjunctive premises such as the
following: '

. [

June is in Wales or Charles is in Scotland, buit not both. J WV C‘D"S

Charles is in Scotland or Kate ixin Ireland, but not both. C&S V l,( T
To sec what follows from this double. dlsguncnon one simply nceds to assume, in
turn, the separate disjuncts. If we assume that June is in Wales, then it is not the
case that Charles is in Scotland and, thercforé, we know that Kate is in Ireland.
Similarly, if we assume that Charles is in Scotland, then it is not the case that June
15 in Wales or that Kate is in Ireland. It therefore follows from this double
disjunction that either Charles is in Scotland or June is in Wales and Kate is in
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Ireland. It is clear, onct separate disjuncts are entertained, that certain conclu-
stons follow. Yet, nearly a quarter of Johnson-Laird et al.’s subjects (ages 18-59,
all working at their own' pace) concluded that nothing follows, and many others
erred in their reasoning, to yield a total of 21% valid conclusions. (Other kin'ds of
disjunctigns - negative and inclusive - fared worse, yielding an average of 5%
valid conclusions.) As in the previous studies, if subjects afe provideéd with
relevant facts they have no trouble arriving at valid conclusions. Thus. o e
subjects are told that, say, June is in Wales. they have no trouble conm,;;;at
Kate is in Ireland. Similarly, they reach a valid conclusion if told that Charles is in
Scotland. But when facing the disjunctive proposition, people seem to confound
their epistemic uncertainty, what they may or may not know, .with uncertainty
about the actual consequences, the fact that one or another of the disjuncts must
obtain. Presented with a disjunction of simple alternatives most subjects refrain
from assuming the_respective disjpncts and arrive at no valid conclusions

Puzzles and paradoxes
The impossible barber

Many well-known puzzles and semantic paradoxes have an essentially disjunc-
tive character. Consider, for example, that famous, ciean-shaven, small-village
\

L3

‘lohnson-Laird, Bytne, and Schackenmvestigalc these disjunctions in the context of their
theary of propositional reasoning. {n fact, a number of psychol®gical theories of propositionat”
reasoning have been advanced in recent years {e.g-. Braine, Reiser, & Rumain. 1984, Osherson
1974-6; Rips, 1983}, and the relatianship between reasoming about disjunctive propositions and
reasoning through disjunctive situations merits fusther investigation. One issue that arises out of the
aforementioned studies is worth mentioning {Rips (1783} in his theory of propositional reasoning

which h 8., finds reason lo assume certain “backward” deduction rules that are triggered
only in the presence of subgoals. This leads Braine et al. to make the following observaiion:

The conditionality of inferences on subgoals places ANDS on a very short léash that has counterintui-
tive cansequences. For example, consider the following premises: ;

There is an Foran R aF v 3R ' L
if there is an F then there is an L AF -7 "3 L a
!f there is an R then there is an L/ 3 R — 3 L_
- B
IL seems intuitively obvious that there has 10 be an L. if ANDS is given the conclusion There is an L.
then ANDS makes the deduction. But if the conpclusion given is anything else (e.g., There is an X, or
There is nor en L) "ANDS will not notice that there has to be an L. (1984, pp. 357-8)

The explicit availability of (he premises in the example above may distinguish it from a standard
disjunciion effect, wherein the specific disjuncts are not explicitly considered. Apart from that, the
phenomenon - that it should be “inuitively obvious™ that there has to be an L. but may “not be
noliced™ - seems a good simulation of the disjunction effect. -

-
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barber wha shaves all and only the village men who do not shave themselves, The
description of this barber seems perfectly ‘legitimate — one almost feels like one .
may know the man. Behind this description, however, hirks an important
disjunction:'either this barber shaves himself or he does not (which, incidentally,
still seems perfectly. innocent). But, of course. once we contemplate the disjuncts’

we realize the problem: if the barber shaves himself, then he violates the

stipulation that he only shaves those who do not shave themselves. And if he does ~
not shave himself, then he violates the stiputation that he shaves afl those who
don't. "The impossible barber is closely related to another of Bertrand Russell's
paradoxes, namely, the set paradox. The set paradox, which had a profound |
influence on modern mathematical thinking, concerns the set of all sets that do
not contain_themselves as members. ({s this set a member of itself?) The logical
solution to these paradoxes is beyond the scope-of the present paper (see. Russell,
1943). but their “parqdoxu:al " nature is instructive. One definition of “paradox™

5 ‘a statement thalt appears true but which, in fact involves a contradiction™

(Falletta, 1983). What characterizes the paradoxes above is a logical impossibility
that goes undetected partly due to their underlying disjunctive nature. Unless we
delvetinto the appropriate disjuncts (which are themselves often not trivial to
tdentify) and contemplate their logical consequences, these impossible disjunc-
tions appear innocuous.

Knights and knaves ' ' 5

Many puzzles also refy on the s‘urprising complexity or kack of clarity that arise
in simpie. disjunctive situations. A class of such puzzles concerns an island in
which certain_inhabitants called “knights™” always tell the truth, and others called
“knaves' always lie.(Smullyan (1978)) presents a variety of knight—knave puzzles,
dnd@lps {1989 Dinvestigates the psychology of reasomng about them. Consider,
for cxampte. the following puzzlc (which the reader is_invited to solve before
reading further): (

-~

i
There are three inhabitants, A, B, and C, cach of whom iy kl:'rght or & knave. Two people are
said 1o be of the same tvpe if they are bath knights or hath knaves, A and B make the following

stalements: ?-_- ’4 J&/L‘J/&i 0, FL - 7F
A B s o knave F /_?, %M@?F} ——y;C'

B: A and C are of the same tpr

What iy (7
{‘nnully.m 1978, p. 22: reprinted in Rips, l‘)Rl))

We know that A must be either a kn:ght ara kndvt, If Aisa kmgh[ then hl'i
statement about B must be true, so B is a knave. If B is a knave, then his

Fy= ¢ ool @?1—7(7-‘/\ IV GEATR)
(F/\".' Fo)V

; § 77 ‘wa,q;r 9

%) 71:}@% R

/
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statemeni that ‘A and C' 4re of the same type is false. Hende, since we are
assuming A is a knight, ‘C must bie d knave. On tid™sther hand, suppose A is a
Knave. Then his statement that B is a knaye is falsé, and B’is the knight. Hence,
B’s statemerit that A and C are of the same type is true, and since A is a knave,
so is C. Thus, we have shown that C is a krave régardless of whether A is a knave
or a knight. While each assumption about A leads straightforwardly to a
conclusion about C, the disjunctive nature of the puzzle makes it quite dlfﬁcult
-And the difficulties are not negligible: about 30% of Rips' subjects stopped_
working on a set of such problems relatively. quickly and scored at less than
chance aecuracy (which was 5%), and the remaining subjects averaged a low
“solution rate of 26% of the problems answered correctly. In fact, affer reviewing
. subjects’ think-aloud protocols, Rips (1989, p. 89) concludes that “most of the
subjects’ difficulties involved conceptual bookkeeping rather than narrowly logical

deficiencies” (a](hough see Johrison-Laird & Byrne, 1991, for a discussion of =

possible difficulties involved in more complex cases). Rips proceeds to stipulate
that whil¢ the required propositional (]oglcal) rules are equally available to
everyofie, 'subjécfs differ in the ey_hit upon a stable solution

path™ (p. 109). Thus, it is not the simple logical steps that seem to create the
difficulties in this case, but rather the general, conceptual “solution path”
required to reason through a disjunction,

Conclusion

In their scminal Brunger, Goodnow:; and Austin (1956)

observed “the dislike of and clumsiness with disjunctive concepts shown by
human subjects™ (p. 181). The studies reviewed above indicate that people’s
dislike of and clumsiness with disjunctions extend across numerous tasks and
domains. While various factors may contribute to the clumsiness with disjunctions
in different domains, it nonetheless appears that a consideration of people’s
reluctance to think through disjunctions may shed light on common difficulties
experienced in reasoning and decision making under uncertainty.

Decision difficulty is sometimes attributed to emotional factors having to -do
with conflict and indecision. Alternatively, it can result from the sheer complexity
that characterizes many decision situations. In the context of the present paper,
on the other hand, STP viglations were observed in a number of simple contexts
of decision and reasoning that do not seem readily attributable to either
emotional factors or complexity considerations. The disjunctive scenarios re-
viewed in this papgr were quite simple, most involving just a couple of possible
disjuncts. In contrast to many complicated tasks that people perform with relative
ease, these problems appear computationally very simple, They serve to highlight
the discrepancy between ‘logical complexity on the one l&and and psychological

Lt
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difficulty on the other. Recall‘ for example, Rips’ observation in the context of

the kmghts!knaves problcm to the effect that most subjects’ difficulties ihvolved )

conceptual bookkeepjng. or arriving at a stable solutjon_path,, rather than
narrowly logical deficiencies (for a related discussion. see Goldman, 1993). While

it is possible that subjects occasmnally forget intermediate results obtained in c

their reasoning provess. sybjects in-these experiments were allowed to write
things down and. besided, there often were _very few intermediate steps to

remember. In general, sub ects appear reluctafit tc towﬂwf
remembe:

a_decision_tree. Indeed, numerous studies have shown that merely encouraging
subjects to systematically consider the various disjuncts. often atlows them to
avoid common errors. In the context of the THOG problem, for example. Griggs
and Newstead (1982) have shown that simply spelling out for subjects the four
disjunctive possibilities reliably improves their performance. Similar sffects have
been shown by Johnson-Laird and Byrne (1991) in the context of the double
disjunctions, and by Tversky and Shafir (1992) in the context of various
disjunction effects in decision problems. Merely mentioning the few possible
disjuncts can hardly be considered a major facifitation from the point of view of
computational or logical complexity, but it does appear to set subjects on the right
solution path. namely that of systematically contemplating the decision thee’s
various branches.

Typically. shortcomings in reasonmg are attributed to quantitative I1m|tat10ns of
human beings as processors of information. *“Hard problems” tend to be
characterized by reference to the * requlred amount of knowledge™, the *“memory
load™, or the “size of the search space” {cf. Kotovsky, Hayes, & Simon, 1985:
Kotovsky & Simon, 1990). These limitations are bound to play a critical role in
many situations. As discussed by Shafir -and Tversky (1992), however, such
limitations are not sufficient to account for all that is difficult about thinking. in
contrast to the “frame problem™ (Hayes, 1973; McCarthy & Hayes, 1969), for
example, which is trivial for people but exceedingly difficult for Al, the task of
thinking through disjunctigns is trivial for Al (which routinely implements * ‘tree
search” and “path finding” alporithms) but js_apparently quite unnatural for

people.

It appears that decision under uncertainty can be. thought of as another domain

in which subjects exhibit a reluctance to think through disjunctive situations.

Thinking through an event trec requires people to assume momentarily as true
something that may in fact be false. People may be reluctant to make this
assumption, especially when competing altcrnatives (other branches of the tree)
are readily available. It is_apparently difficult to devote full attention to each of
several branches of an event tree (cf. Slovic & Fischhoff,- 1977), particularly when
it is known that most will eventually prove to be false hypothetical assumptions,
Often, subjects may lack the motivation to trasverse the tree simply because they
assume, as'is often the case, that the problem will not be resolved by separately
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evaluating the branches. We usually try to formulate problems in ways that have
sifted through fhe |rrelevant disjunctions: those that are left are normally assumed
to matter.

It appears that part of what may be problematic in decision under uncertainty is
more ‘fundamental than the problems typically envisioned. concerning the
difficulties involved in the estimation-of likelihoods and their combination with
the estimated utilities of outcomes. Situations of uncertainty, it is suggested, can
be thought of as disjunctive situations: one event may occur, or another. The
studies above indicate that the disjunctive logic of these uncertain situations often
introduces an uncertainty of its own. Thus, even in situations in which there
should be no uncertainty since the same action or outcome wiH eventually obtain
in either case, people’ reluctance to think through these scenarios often creates an
uncertainty that, if it were not for this reluctance, would not be felt or observed.

As with numerous other'(systematic behavioral errors, the fact that people
routinely commit a mistake does not, of course, mean that they are not capable of
realizing it once it is apparent. Many of the patterns observed above, we suggest,
reflect a fajlure_ on the part of people to detect and apply the rctevam principles

- tather than a lack of appreciation for their normative appeal (see Shaﬁr‘. 1993, for

related dis ussmn) Subjects’ violations of STP in a variety of decision contexts
were attriblited to their failure to think through the disjunctive situation. In fact,
when Tversky and Shafir (1992) first asked sub]ects to indicate their preferred
course of action under each outcome and only then to make a decision in the
disjunctive condition, the majority of subjects who opted for the same option
under every outcome chose that option also when the precise outcome was not
known. The frequency of disjunction effects, in other words, substantially
diminishes when the logic of STP is made satient. Like other normative principles
of decision making, STP is generally satisfied when its application is transparent,
but is sometimes violated when it is not (Tversky & Kahneman, 1986). Because it
1s a general “‘solution path” that seems to be neglected, rather'than a limitation in
logical or computational skill, a proficiency in thinking through uncertain
situations may be something that people can improve upon through deliberate
planning and introspection. Further study of people's psy¢holegy in situations of
uncertainty and in other disjunctive situations is likely 10 improve our understand-

ing and implementation of reasoning in general, and of the -decision making .

process in particular.
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