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It is commonly assumed that uncertain information can be reduced to nu-
merical probabilities without biasing preferences. It is also implicitly assumed
in much research and many applications that people can express these prob-
abilities. In contradiction to these assumptions Experiment 1 shows that the
production of probability assessments biases decisions in an n-person game.
Experiment 2 shows that the explicit assessment of numerical probabilities
renders choices between gambles concerning future basketball events less
optimal. These findings seem to be a result of overweighting the probability
dimension relative to the payoff dimension given numerical judgments. Ex-
periment 2 also suggests that without explicit numerical probability judgments
subjects are less likely to violate the dominance principle. The theoretical and
practical implications of the results are discussed. © 1993 Academic Press, Inc.

Most decision theorists assume that relevant information concerning
the chances of a future event can be meaningfully and completely sum-
marized by a unique probability value. For example, Savage (1954) used
the term ‘‘quantitative personal probability’’ to refer to the numerical
representation of probabilistic information in his ‘‘small world.”” He
showed that such a representation, i.e., one satisfying the Kolmogoroff
axioms, could be derived from a set of judgments provided they satisfy
certain reasonable conditions. Other theorists ignored the complexity of
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the relevant information altogether, and focused on decision making given
information that is stated by numerical probabilities. For instance,
Kahneman and Tversky (1979) proposed Prospect Theory to account for
choices between numerically stated alternatives. In discussing the gener-
alizability of Prospect Theory, Kahneman and Tversky wrote:

The theory can also be extended to typical situations of choice, where the proba-
bilities of outcomes are not explicitly given. In such situations, decision weights
must be attached to particular events rather than to stated probabilities, but they
are expected to exhibit the essential properties that were ascribed to the weighting
function (p. 288).

Thus, even though Kahneman and Tversky (1979) present a theory in-
consistent with Savage’s assumptions, they, as well as many other theo-
rists, seem to accept his view concerning the representation of uncer-
tainty. In particular, they implicitly accept the assumption that uncertain
information can be reduced to numerical probabilities without affecting
preferences. We refer to this common assumption as the Information
Reduction (IR) assumption.'

The IR assumption has also dominated behavioral decision research.
As Kahneman, Slovic, and Tversky (1982) note in the preface to Judg-
ment under Uncertainty: Heuristic and Biases, most of the research on
decisions under uncertainty falls within either of two areas commonly
labeled ‘‘judgment’’ and ‘‘decision making.”’ Much judgment research
(e.g., the work collected by Kahneman et al., 1982) focuses on the way
people form probability judgments, while much decision making research
(e.g., the work that motivated Prospect Theory) focuses on choice be-
havior given objective probabilities, which are typically provided by the
experimenter.

The IR assumption provides one justification for this historical division.
If uncertain information is reduced to numerical judgments without af-
fecting decisions, the two processes can be studied separately to improve

! The IR assumption can be formally stated as follows: Fori = 1,2, let A; = {outcome a;
if event E; occurs; status quo otherwise} be two prospects, and A’; = {outcome a; with
probability p;; status quo with probability 1-p;} be the respective canonical prospects such
that an individual is indifferent between A; and A’; (A; ~ A’). Then

A, is preferred to A, (A, > A,)
if and only if
A'| is preferred to A'; (A'; > A',).

The values of p; for the canonical prospects can be found by basing the outcomes of A; on
the spin of a probability wheel and systematically manipulating p between 0 and 1 until a
value of p; is found such that A; ~ A’,. We refer to this value as the numerical representation
of the information the individual possesses concerning the likelihood of event E,.
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experimental control. On the other hand, if the IR assumption does not
hold the division can lead to misleading conclusions.

Given the wide implicit acceptance of the IR assumption it is not sur-
prising that it serves as a basis for decision analysis. To derive the prac-
tical recommendations it is a natural step to assume further that an indi-
vidual can actually state a numerical value that expresses his or her in-
formation concerning the likelihood of relevant events. For example, it is
often recommended that experts use probability numbers to communicate
information about likelihoods of future events (Behm & Vaupel, 1982;
von Winterfeldt & Edwards, 1986). In particular, numerical judgments
(e.g., 80% chance) are supposed to lead to better decisions than do verbal
assessments (e.g., likely).

Recent experimental work (Budescu & Wallsten, 1990; Erev & Cohen,
1990; Gonzalez-Vallejo, Erev, & Wallsten, in press), however, has failed
to support this expectation. Numerical communication of uncertain in-
formation did not lead to more efficient decisions than did verbal com-
munication of the same information, and under certain conditions, it ac-
tually led to worse decisions. For example, in one of these experiments
(Gonzalez-Vallejo et al., in press) subjects were run in pairs, with one
member randomly chosen to be the decision maker (DM) and the other to
be the performer. The performer had to win points in simple tasks (such
as throwing a chip to a certain target), and the decision maker had to
choose among gambles such as

$x if the performer’s score in task Y is at least 2 points;

$0 otherwise.

The choice task (similar to that used in Experiment 2, below) was con-
structed so that a preference ordering was derived over a set of six gam-
bles. The decision maker acted after the performer communicated his or
her judgments of the chances of achieving the various scores. The judg-
ments were expressed numerically for some choices and verbally for
others. All earnings were divided between the two subjects at the end of
the experiment.

1t turned out that the preference ordering correlated relatively less
strongly with the payoff dimension when uncertainty was communicated
numerically than verbally. For some sets of gambles, this tendency was
consistent with expected value (EV) considerations, and consequently
subjects earned more money when judgments were expressed numeri-
cally than verbally. However, in other sets of gambles this tendency was
inconsistent with the EV rule, and in these cases verbal judgments led to
significantly higher profits than did numerical judgments. Thus, it ap-
peared that the form of the uncertainty representation influenced the
relative weight accorded to the two dimensions of the gambles, and this
effect was not always beneficial.
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These unexpected results raise the possibility that other widely held
beliefs derived from the IR assumption may afso be false under certain
conditions. The present paper focuses on two such beliefs. The first,
which we refer to as the maximization hypothesis, is that decision makers
are more likely to make decisions consistent with their preferences by
explicitly producing prior numerical assessments of the probabilities of
relevant future events. Hence, if they seek to maximize a certain func-
tion, probability assessments will aid in achieving this goal. This argu-
ment was recently stated by von Winterfeldt and Edwards (1986) who
wrote

. . . quantification of subjective variables—probabilities and values~—an in itself
be very useful, even if further analysis is left to non-decision-analytic approach or
to the intuition of the decision maker (p. 23).

Under the IR assumption it is easy to justify this argument. Since no
information is lost when knowledge is reduced to a single number, a
parsimonious representation of the decision problem can only help to
eliminate errors (i.c., eliminate decisions that are inconsistent with the
DMs’ preferences).

The second belief, which we refer to as the independence hypothesis,
posits that decisions are independent of (not biased by) the production of
numerical probability judgments. The IR assumption suggests that sub-
jects should make the same decisions regardless of whether they rely on
their personal information or on numerical representations of this infor-
mation. Therefore, asking subjects to state their probabilities should not
change their preferences. Indeed, many researchers interested in the re-
lationship between subjects’ personal knowledge and choice behavior ask
subjects to assess probabilities of relevant future events, on the assump-
tion that the production of these judgments does not systematically affect
subsequent behavior.

Some of our own previous work in the field of n-person games (e.g.,
Bornstein & Rapoport, 1988; Erev & Rapoport, 1990; Rapoport, Born-
stein, & Erev, 1989), as well as work by others in this field (e.g., Dawes,
McTavish, & Shaklee, 1977; Rapoport & Eshed-Levi, 1989), is based at
least in part on the independence claim. In this research, subjects (play-
ers) typically were asked to assess the probability that other players will
make certain decisions and then were asked to make their own decision.
Experiment 1 was designed to study the independence hypothesis in the
context of experimental games by varying the order of assessments and
decisions. It utilizes a simple version of an n-person game called the
intergroup public goods (1IPG) game recently devised by Rapoport and
Bornstein (1987).
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EXPERIMENT 1

Method

Subjects (160 undergraduate students at the Hebrew University of Je-
rusalem) were run in groups of 10. Upon arrival at the laboratory, the
subjects were seated in a single room with arrangements to ensure their
privacy and were assigned to one of two subgroups consisting of five
members each.

Each subject received a promissory note of 5 Israeli shekels (about
$3.50) and was told that he or she could either keep the note and cash it
in at the end of the session or invest it. Subjects were instructed that
members of the subgroup with the higher number of investors would each
receive a monetary reward of r units (r = 15 shekels for half of the
subgroups and 25 shekels for the other half) and that in case of a tie (equal
number of investors in each group) members of both subgroups would
each receive a reduced reward of r/2 units (7.5 or 12.5 shekels).

At that stage, half of the subjects (the assessment-first condition) re-
sponded to a questionnaire in which they were asked to assess:

1. the probability that each of the other members of their subgroup
would invest;

2. the probability that each of the five members of the other subgroup
would invest;

3. the probability that their own decision would affect the outcome of
the game;

4. the probabilities of all possible combinations of numbers of investors
in the two subgroups.

After completing the questionnaire, these subjects were each given a
form on which they indicated their decision whether to invest. The other
half of the subjects (the decision-first condition) were given the decision
form first, and answered the questionnaire subsequently.

The size of the reward and the other condition were balanced over
subgroups.

Note that the game-theoretical equilibrium solution for this game is to
invest in all conditions. However, as we have shown elsewhere (Born-
stein, Erev, & Rosen, 1990), people do not always follow this Pareto
deficient prediction. Hence, it is not clear what is the best strategy for a
profit-maximizing subject.

Results and Discussion

Table 1 presents the proportion of investors by r (the reward size) and
of the order in which decisions and assessments were made. An analysis
of variance revealed a significant interaction (x(1] = 5.79, p < .02)
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TABLE 1
PROPORTION OF INVESTMENT BY CONDITION AND REWARD SIZE
Condition
Reward size Decision-first Assessment-first Mean
15 475 650 .562
25 128 525 625
Mean .600 .587 .594

between the reward size and the order conditions. When subjects made
their decisions before judging the probabilities of the different results, the
reward size affected the decisions—72.5% of the subjects chose to invest
when the reward was 25 shekels, and only 47.5% did so when the reward
was |5 shekels (p < .025). On the other hand, when subjects were asked
to judge the probabilities first, the reward size had no effect on their
decisions (p > .05). That is, the reward size effect was eliminated by
assessing probabilities before making decisions. This result is inconsistent
with the independence hypothesis, which predicts that the production of
the assessments will not change the subject’s preferences.

Moreover, it should be noted that the decisions following probability
assessment were not more optimal than those preceding it (based on
either a game-theoretic or an EV criterion of optimality). As can be seen
in Table 1, the proportion of subjects deciding to invest (in accordance to
the game-theoretic solution) was lower following the probability assess-
ments. Although an EV strategy cannot be defined in the absence of
knowing the probability that one’s decision to invest will be essential in
obtaining the reward, investment is more likely to be optimal when r = 25
than when r = 15. Thus, under this criterion too, the assessments did not
improve the decisions.

The violation of the independence assumption, just as the violation of
the communication mode hypothesis, can be explained by the argument
that numerical probability judgments cause DMs to pay less attention to
the possible payoffs in their choices. Consequently, the decisions of sub-
jects in the assessment-first condition were not affected by the reward
size. It seems that, consistent with suggestions of Tversky, Sattath, and
Slovic (1988), DMs are likely to choose according to the probability di-
mension when numerical judgments are available; however, they are less
likely to do so in the absence of numerical judgments.

Experiment 2 was designed to examine whether the same phenomenon
can be observed when the DM’s profit depends only on his or her own
knowledge and choices. More specifically, Experiment 2 was designed to
test whether explicit assessment of relevant numerical probabilities, by
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the DM him- or herself, decreases the effect of the possible outcomes on
subsequent decisions. If this indeed happens, subjects may earn less
money when requested to assess probabilities, in violation of the maxi-
mization hypothesis (assuming that the subjects are trying to maximize
profit). For a weaker test of the maximization hypothesis Experiment 2
was also designed to compare the likelihood of violations of the domi-
nance principle when choices are made following explicit probability
judgments and when choices are made in the absence of such assess-
ments.

EXPERIMENT 2
Method

Subjects (61 undergraduate students at the University of North Caro-
lina at Chapel Hill) were run in groups of about 10. Their task was to
choose among (rank) gambles in three different sets, where each gamble
promised a certain amount of money if a particular event occurred in one
of the nine remaining UNC-CH basketball games. (A list of these nine
games was provided to the subjects.) The subjects were told that at the
end of the experiment one of the games would be randomly chosen to be
their ‘‘payoff game’” and one of the three gambling sets would be ran-
domly selected to be their “‘payoff set.”” It was emphasized that they
would be paid in accordance with the results of the payoff game and their
choices in the payoff set, and that their goal was to maximize earnings.

Table 2 presents one of the three gambling sets (with the choices of a
hypothetical subject). Ignore temporarily the columns headed by P and
(EV), which were not present on the sheets actually given to the subjects.
Each gambile is written as the base outcome (labeled ‘*value’’ in the table)
to be won if the corresponding event occurred in the payoff game. The
subjects made choices about the gambles in the seven columns opposite
them. In the first column, they chose only one gamble, and, therefore,
had to select the best one. In the second column, subjects chose two
gambles that they believed to be the best, and so forth. Thus, in the
seventh column, they chose seven of the gambles (all of the gambles but
the worst one). The choices were made by marking X’s in the columns.

The subjects were instructed that after their payoff game was played,
they would win on all of the gambles in the selected payoff set involving
events that actually occurred. Their earnings would be determined by
multiplying the base outcome of each successful gamble by the number of
times it was selected.

For example, assume that the selected payoff set is the one presented
in Table 2, and that the events in gambles B, C, E, and H occurred in the
payoff game. The hypothetical subject who made the decisions in Table 2



TABLE 2
ONE OF THE THREE GAMBLING SETS FROM EXPERIMENT 2 WITH HYPOTHETICAL SUBJECT'S CHOICES, ASSESSMENTS, AND E!

Choose Choose Choose Choose Choose C

the the the the the
You win if the following best best 2 best 3 best 4 best 5 t
Gamble occurs in your payoff game Valuee P (EV) gamble gambles gambles gambles gambles gz
A J. Lebo will score more than
D. May. $.15 80 (12) X X X X
B J. R. Reid will take more
rebounds than J. Denny. $.15 100 (15 X X X X X
C S. Williams will take more
rebounds than P. Chilcutt. $.30 60 (18) X X
D K. Madden will score more
than H. Davis. $.10 80 ®)
E R. Fox will score more than
S. Williams. $.20 60 (12)
F P. Chilcutt will take at least
as many rebounds as S.
Williams $.30 40 (12)
G K. Madden will pass more
assists than K. Rice. $.70 30 @2n X X X
H P. Chilcutt will score more

than 15 points, $.60 15 ¥ X
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would earn $.15 seven times for gamble B, $.30 four times for gamble C,
$.20 two times for gamble E, and $.60 three times for gamble H. Thus, the
earnings in this case would be:

($.15)7 + ($.30)4 + ($.20)2 + (5.60)3 = $4.45.

Note that from the subjects’ point of view the choice task was equiv-
alent to a ranking task. To maximize expected profit they had to choose
the highest EV gamble in the first column, the two highest EV gambles in
the second column, and so on. As in previous work which used this
ranking-choice procedure (Erev & Cohen, 1990; Erev et al., 1989) the
subjects did not find the task difficult to understand.

The gambling sets were designed to achieve three goals. The main goal
was to study whether the act of estimating probabilities affects the rela-
tive weights the DMs give to the probabilities and the outcomes in choos-
ing among the gambles. The second goal was to look at the effect of
probability assessment on the amount of money the DMs earned. The
third goal was to detect possible violations of the dominance principle. In
one of the gambling sets (the one presented in Table 2) the choice of each
of the four pairs of gambles, A&B, A&D, B&D, and D&E promised at
most $.30 or $.25 each, whereas the combined choice of gambles C and F
promised $.30 for sure (since event F is the complement of event C).
Clearly, each of the four pairs presented above is dominated by the C&F
pair. Hence, a choice of any one of these pairs over the C&F pair is a
violation of the dominance rule. For example, if one chooses gambles A
and B over C and F (as illustrated in the second choice column of Table
2) one is violating the dominance principle. Following Tversky and
Kahneman (1981) we conceptualize violations of this type as ‘‘editing
errors,”’ assuming that subjects will fail to make the dominance choice
only if they do not edit the C and F choices as $.30 for sure.

Another gambling set was designed to elicit violation of the dominance
rule through the conjunction fallacy (Tversky & Kahneman, 1982). This
set included the following two gambles:

A—3$.25 if R. Fox will score more than 22 points;

B—3$.25 if R. Fox will score more than 22 points and UNC will win.
Because the event in gamble A includes the one in gamble B, a choice of
gamble B over gamble A is a violation of the dominance rule.

Finally, the subjects were asked to answer 10 multiple choice questions
in a *“UNC Basketball Quiz,”” designed to measure their level of exper-
tise. The quiz included questions of the type:

The best scorer in the first UNC-Duke game this season was:

a J. R. Reid b. K. Madden c. K. Rice d. S. Williams.
Just as in Experiment 1, there were two order conditions, assessments-
first and decisions-first. In the assessment-first condition (n = 32) the
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subjects first assessed the chances of winning each of the 24 gambles by
writing a number from 0 to 100 in the empty column next to each gamble.
(This is the major column that has the P and EV entries in Table 2. Note
that the EV column was never present for the subjects.) They then an-
swered the quiz and indicated their choices within the different gambling
sets. In the decision-first condition (# = 29) subjects first answered the
quiz, then made their decisions, and finally assessed the chances of win-
ning the gambles.

Results and Discussion

The probability judgments. Recall that the subjects assessed the
chances of winning each of the 24 gambles based on the events that
occurred in one game randomly chosen from the remaining nine games. In
order to evaluate the accuracy of the subjects’ probability judgments we
calculated the correlation between the judgments and the proportions of
the nine games in which the events actually occurred. These post hoc
relative frequencies are the best assessment of the ‘‘real”’ probabilities.

The average correlation between the subjects’ judgments and the post
hoc relative frequencies was 0.53 in the decisions-first condition (p <
.0001) and 0.51 in the assessments-first condition (p < .0001). These
average correlations are quite impressive given the fact that the correla-
tion was only 0.70 between the relative frequency estimates of the events
based on the 15 games preceding the experiment and those based on the
9 subsequent games.

Analysis of covariance was used to test whether experimental condition
and expertise (as measured by the quiz score) affected subject accuracy
(i.e., the correlation between the judgments and the post hoc relative
frequencies). Whereas expertise was found to be a good predictor of
accuracy (F[1,57] = 16.44, p < .0002), the experimental condition was
not (p > .05). These results suggest that the subjects’ judgments depended
on their personal knowledge, but not on the experimental condition (at
least according to our accuracy criterion). It seems that subjects did not
change their assessments systematically as a result of prior decision mak-
ing.

The nature of the choices. The column P in Table 2 shows the (hypo-
thetical) subject’s probability judgments. To facilitate the explanation of
the analysis presented below we added the column (EV) to the table,
showing subjective expected values (which were calculated by multiply-
ing the value by the subject’s probability assessment.)

To study the weights given to the dimensions of the gambles in the
ranking-choice task we used the V statistic (Nelson, 1984), defined as the
proportion of pairwise agreements between two rankings of a set. Con-
sider two measures (X and Y), each of which induces a rank order of n
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stimuli (#» gambles in our case). The n stimuli yield n(n-1)/2 pairs, each of
which may be ordered in the same or opposite direction by X and Y.
Excluding pairs to which either X or Y gives a tie rank, V[X,Y] is the
proportion of the pairs in which the stimulus that is ranked higher by X is
also ranked higher by dimension Y. That is,

No. agreements
No. agreements + No. disagreements

VIX,Y] =

Note that V is a simple linear transformation of Goodman and Kruskal’s
(1954) gamma (G) measure of association (V = .5G + .5). We prefer to
use this measure over similar and more traditional measures of similarity
because of its comparability to choice proportion, a common statistic in
decision making research. Conveniently, the interpretation of V as a pro-
portion makes linear manipulation of this measure meaningful.

Our main dependent variable is the V score comparing the ranking of a
set of gambles by the decisions (D) and by the payoffs ($). Note that
VID,$1 is the proportion of pairs in which the gamble providing the higher
possible outcome is also higher in the preference ordering. Thus, we refer
to VID,$] as a measure of $-preferences. Additional dependent variables
are V[D,P] which measures P-preferences, where P represents the judged
probabilities of the events, and V[D,EV], which measures EV-
preferences, with EV calculated as in Table 2. It is important to point out
that for a given pair of gambles the EV-ordering may coincide with the
$-ordering or with the P-ordering, and that in some cases the three or-
derings may all agree, but over all pairs of gambles the three orderings will
be distinct.

Table 3 presents the mean preference measures of the different types
over subjects in the two experimental conditions. The difference between
the two groups in the average $-preference measure is highly significant
(#[59] = 3.50, p < .001). This difference is consistent with the findings of
Erev et al. (1989), and with the results in Experiment 1; in all cases the
effect of the payoffs on the decisions was decreased in the presence of

TABLE 3
AVERAGE NUMBER OF $-PREFERENCES, P-PREFERENCES, AND EV-PREFERENCES IN THE
Two CONDITIONS

Condition

Decision;ﬁfsl Assessmenl-ﬁréi
$-preferences (V[D,$)]) 44 34
P-preferences (V[D,P)]) .83 92

EV-preferences (V[D,EV]) 72 .59
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numerical probability judgments. The robustness of this phenomenon
suggests that different decisions are made in the presence of numerical
probability judgments than in their absence.

Before discussing the P-preferences and EV-preferences, it is impor-
tant to consider two difficulties with the interpretation of these measures.
First, recall that they are based on the subjects’ expressed probability
judgments as well as on their choices, unlike the $-preferences measure,
which is affected by the subjects’ choices alone. The second difficulty
arises from the fact that the P- and the EV-preferences are not indepen-
dent of the $-preference. Nevertheless, these measures are of interest
since they slow the relationship between the probability judgments and
the choices. To the extent that the probabilities expressed by the subjects
represented their true knowledge (suggested by the finding that accuracy
depended on expertise, but not on the experimental condition) we can
learn about the relation between their knowledge and their decisions in
the two experimental conditions.

Three subjects in the decisions-first condition did not complete the
probability judgments, and were excluded from the P-choices and EV-
choices analyses presented in Table 3. Table 3 shows that the remaining
26 subjects in the decisions-first condition demonstrated significantly
(t[56] = 2.99, p < .005) fewer P-preferences than did the subjects in the
assessments-first condition. Also, subjects in the decisions-first condition
indicated significantly more EV-preferences than did subjects in the as-
sessments-first condition (1[56] = 3.86, p < .0005). Strictly speaking,
these two plus the previous ¢ test are not independent of each other, but
the important message is in the magnitudes of the effects, not in their
statistical significance levels.

In summary, the analyses show that the request to assess the relevant
probabilities decreased the likelihood of EV-preferences. Instead, it
seems that the subjects in the assessments-first condition were more
likely to rely heavily on their probability judgments.

Profit analysis. After the nine basketball games had been played, the
hypothetical profit of each decision maker was calculated as the total
amount of money he or she would have earned if all three sets of gambles
had actually been played in all nine games. (Recall that the subjects were
actually paid according to only one of these 3 x 9 = 27 combinations.
However, since they did not know when making the decisions which one
it would be, they were motivated to choose the best gambles in each set
considering all the games.) In order to test the validity of the hypothetical
profit as a measure of the quality of the decisions, it was compared to the
expected profit from random choices. Since there were 28 choices per set,
each gamble would be selected at random 28/8 = 3.5 times. The expected
profit of such random choices over the three sets is $97, which is signif-
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icantly (1[60] = 5.95, p < .0001) lower than the $107 hypothetical profit of
the average subject. The expected profit measure was also found to be
positively correlated (» = .21) with the quiz score. The correlation is
marginally significant (:]60] = 1.68, p < .1). These results suggest that the
hypothetical profit variable is sensitive to the quality of the decisions.

The mean hypothetical profit of the decision-first subjects was $111 and
that of the assessment-first subjects was $104. The difference between the
two conditions is significant (1{59] = 2.1, p < .04). That is, in violation of
the maximization hypothesis, assuming subjects prefer to make more
money than less, subjects who made explicit assessments of the relevant
probabilities before making their decisions earned smaller (hypothetical)
profits than did subjects who made their decisions first.

The dominance rule. Each subject could exhibit five violations of the
dominance rule (up to four ‘‘editing errors’’ and one conjunction fallacy).
The mean number of editing errors was 1.24 in the decision-first condition
and 2.0 in the assessment-first condition. The difference is significant
(1591 = 2.26, p < .03).

The conjunction fallacy was made by 31% of the subjects who made
their decisions first, and by 41% of the subjects who estimated probabil-
ities first. Although the violations of the conjunction rule are more fre-
quent in the assessments-first condition, the difference is nonsignificant
(p > .05). A large difference between the two experimental conditions
was found in the number of subjects who did not exhibit any violations of
the rule. Whereas 11 of the 29 decisions-first subjects (39%) did not vio-
late the dominance principle, only 3 of the 32 assessments-first subjects
(9%) avoided errors of this type.

These results are consistent with the EV-choices and the profit analy-
ses presented above. All of these analyses suggest that the request to
express probability judgments rendered the decisions of poorer quality.

GENERAL DISCUSSION

The two experiments presented above show that after estimating the
probabilities of relevant future events decision makers tended to pay less
attention to payoffs when choosing between risky alternatives. These
results contradict the independence and the maximization hypotheses
derived from the IR assumption in conjunction with the assumption that
individuals can express their personal information numerically. Experi-
ment 1 demonstrates that asking subjects in an n-person experimental
game to assess the probabilities of the behavior of other players affects
their choices. Experiment 2 shows that quantification of subjective prob-
abilities can lead to a decrease in profits and an increase in violations of
the dominance rule. In a similar manner, research by Gonzalez-Vallejo et
al. (in press) has shown that under certain conditions verbal communica-
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tion of uncertain information leads to higher profits than does numerical
communication.

Surprisingly behavior in Experiment 2 was more consistent with ex-
pected utility (EU) theory in the absence of quantified probability judg-
ments than in their presence. Subjects in the decisions-first condition
were less likely to violate the dominance principle and showed more
balanced weighting of probability and outcomes. Thus, whereas this pa-
per suggests a deleterious effect of explicitly stating numerical probabil-
ities, it also suggests that Savage’s axioms may be a better approximation
of human behavior when probabilities are not assessed than when they
are.

This pattern of results stands in sharp contradiction to the early criti-
cism of the EU model. Recall that it has been argued (e.g., Simon, 1955)
that the effort needed to maximize expected utility is too high for such a
model to be descriptive. Consistent with this line of thinking, most recent
critics of the EU model have limited their research to problems stated in
numerical form on the assumption that if the model is violated under these
conditions, it is definitely not useful for problems that are less well struc-
tured. The results of Experiment 2 suggest that this basic assumption may
be incorrect.

Toward a Theoretical Understanding

Experimental results in behavioral decision research are heavily af-
fected by the experience the subjects bring to the laboratory (Thaler,
1987; Tversky, 1981). Decision researchers do not argue that people can-
not learn to behave in a way that benefits them, but rather that real life
experience does not always lead to the behavior described by the EU
theory. One of the main goals of behavioral decision research is to learn
how people decide in light of their personal experience,

Our results, which may seem surprising when DMs are thought of as
limited capacity sequential information processors, are actually quite rea-
sonable when the DMs’ experience is taken into account. Obviously, we
all have more experience choosing among prospects when the probabili-
ties of the outcomes are not explicitly stated, than among numerically
stated gambles. As von Winterfeldt and Edwards (1986) pointed out, peo-
ple make choices hundreds of times a day between prospects with out-
comes that depend on future events. On the other hand, situations in
which people must decide between numerically stated alternatives are
rare. It can be assumed that their vast experience led our subjects toward
reasonable, although not perfect, decisions in the absence of numerical
probabilities. Their unfamiliarity with decision making given numerical
expressions of uncertainty led them toward overweighting the ‘‘new”’
representation of uncertain information.
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An extreme analogy may help to make our point. Consider professional
golfers who play as if they combine information concerning distance and
direction of the target, the weight of the ball, and the speed and direction
of the wind. Now assume that we ask them to play in an artificial setting
in which all the information they naturally combine in the field is reduced
to numbers. It seems safe to say that the numerical representation of the
information will not improve the golfer’s performance. The more similar
are the artificial conditions we create to the conditions with which the
golfers are familiar, the better will be their performance. One can assume
that decision making expertise, like golf expertise, is improved by expe-
rience, but not always easily generalized to new conditions.

A similar perspective has been offered by Hammond, Hamm, Grassia,
and Pearson (1987) based on Brunswik’s (1957) approach to studying
cognition. They propose a cognitive continuum from analytic (involving
task-specific strategies) to intuitive. The ideal point to operate on the
continuum depends on task properties and on how the information is
represented. Performance can be impaired if the task demands and infor-
mation representation conflict.

Two issues concerning the generalizability of our finding should be
discussed. The first concerns the task features that created the new,
unfamiliar situation in the assessments-first condition. The second ques-
tion concerns the subjects’ experiences that they may have brought to the
laboratory.

Task features. A few aspects of the assessments-first condition may
have affected the decisions: First, it seems reasonable that by asking the
subjects to judge probabilities we signaled to them that they are impor-
tant. As a result, the probabilities were overweighted and/or their scale
values were changed. Moreover it might be argued that the decisions were
biased by the manner in which we requested the assessments. Second, it
is possible that the DMs were attempting to be consistent with their
assessments. Third, the existence of the assessments may have created an
llusion of transforming the task from decision making under uncertainty
to decision making under risk.

Possibly, all claims are correct, and under other circumstances DMs
can assess probabilities without biasing their subsequent choices. It re-
mains for future research to compare the biasing effects of various elici-
tation procedures.

The critical experience. As in much behavioral decision research our
subjects were undergraduate students. It is often argued that the consis-
tencies observed in undergraduate students’ decisions may not describe
choice behavior of experts or of more experienced decision makers. It
must be pointed out in this regard that our subjects in Experiment 2 were
very knowledgeable in the subject matter underlying the gambles. What
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they were not experienced in, most likely, was selecting among gambles,
especially not after judging numerical probabilities. Probably with addi-
tional experience in choosing among numerically stated gambles, the re-
sults would change and the bias would be eliminated. This latter point is
important, in that most decision makers in the real world have little ex-
perience in choosing among numerically defined alternatives.

It should be pointed out that knowledge of decision theory, per se, may
not prevent violations of the IR assumption. Recall that Savage made a
mistake when first faced with the Allais paradox. In the version of the
paradox that led to his error, uncertain information was presented with
numerical probabilities. To convince himself that he had made a mistake,
Savage (1954, p. 103) reformulated the problem by substituting events
(drawing of lottery tickets) for the probabilities. Although this anecdote is
only suggestive, it does seem that Savage’s intuition, like our subject’s
preferences, was more consistent with EU theory when uncertainty was
not presented numerically.
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