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ABSTRACT
Two experiments tested the inﬂuence of three task factors on respondents’ tendency to
use normative, heuristic, and random approaches to making likelihood judgments about
polychotomous cases (i.e., cases in which there is more than one alternative to a focal
hypothesis). Participants estimated their likelihood of winning hypothetical rafﬂes in
which they and other players held various numbers of tickets. Responding on nonnumeric scales (vs. numeric ones) and responding under time pressure (vs. self-paced)
increased participants’ use of a comparison-heuristic approach, resulting in nonnormative judgment patterns. A manipulation of evidence representation (whether
ticket quantities were represented by numbers or more graphically by bars) did not have
reliably detectable effects on processing approaches to likelihood judgment. The
authors discuss the implications of these ﬁndings for the further development of likelihood judgment theories, and they discuss parallels between contingent processing in
choice and contingent processing in likelihood judgment. Copyright # 2005 John
Wiley & Sons, Ltd.
key words likelihood judgment; probability; heuristics; contingent processes;
alternative-outcomes effect

INTRODUCTION
Research on contingent decision making has shown that people typically have a variety of options for processing attribute information regarding choice alternatives (Einhorn & Hogarth, 1981; Payne, 1982; Payne,
Bettman, & Johnson, 1992, 1993; Svenson, 1979). Lexographic, elimination-by-aspects, and weighted additive rule are just some of the terms that have been developed to describe various strategies a decision maker
can use to process information about alternatives and arrive at a decision (e.g., Tversky, 1972). Research
ﬁndings also suggest that people’s selection of a processing strategy is often quite ﬂexible and adaptive.
For example, people who are adequately motivated will use cognitively demanding strategies that maximize
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accuracy when the task factors afford this level of cognitive effort, but they will tend to shift toward cognitively simpler strategies as other task demands or opportunity costs increase (e.g., Payne et al., 1993; Payne,
Bettman, & Luce, 1996; Russo & Dosher, 1983).
Within the domain of probability judgment, there have also been major pockets of research devoted to
understanding when various contingent processes dominate in the judgment-formation processes. For example, the use of base-rate and representativeness information has been shown to be a function of a variety
of factors, such as prior activation of inferential rules (Ginossar & Trope, 1987) and whether the base-rate
information is represented and measured in a frequentist or probabilistic format (Gigerenzer, 1991, 1996;
Kahneman & Tversky, 1996).
Whereas there has been substantial research on contingent decision making and contingent processing for
some forms of probability judgment, there has been relatively little work done on the contingent processes
regarding a particular type of likelihood judgment—namely judgments that involve polychotomous cases.
Polychotomous cases are ones in which people are judging the likelihood that a focal outcome will occur (or
a focal hypothesis is true) when there is more than one alternative to that focal outcome (or hypothesis). In
these cases, a respondent must consider the strength of evidence for the focal outcome but also for each of the
multiple alternative outcomes. For example, when asked ‘‘What is the likelihood that in a random selection
from all chemistry, biology, geology, and physics students at University X, a chemistry student would be
selected?’’, a respondent must consider the prevalence of not only chemistry students, but also the biology
students, geology students, and physics students. Although it seems intuitively plausible that there could be
various ways in which a respondent facing that question might go about processing information and arriving
at an answer, existing theories of likelihood judgment, such as support theory (see Rottenstreich & Tversky,
1997; Tversky & Koehler, 1994), do not specify how likelihood judgment processes might change as a function of task conditions that are known to vary in real world settings (e.g., time pressure).
The experiments in this paper investigated the inﬂuence of such task conditions on the processes mediating likelihood judgments in polychotomous cases. We presented people with uncertain situations involving
stochastic outcomes, and the amount of evidence supporting each possible outcome was explicitly represented. More speciﬁcally, participants saw depictions of hypothetical rafﬂes in which they and other players
held various numbers of tickets (see Figure 1a). For each rafﬂe, they estimated their likelihood of winning. In
these experiments, we distinguish between 3 types of contingent processes (or approaches) for judging the
likelihood of winning the rafﬂes: a normative approach, comparison-heuristic approach, and random
approach.

CONTINGENT APPROACHES
The normative approach
For people who have a formal education in math and statistics, the normative approach to determining one’s
likelihood of winning the rafﬂe depicted in Figure 1a should be clear. Assessing the likelihood of winning
would require respondents to divide the number of tickets they held by the total number of tickets in the rafﬂe
[e.g., 14/(14 þ 3 þ 4 þ 13 þ 3 þ 3) ¼ 0.35]. This approach to judging likelihood within the rafﬂe paradigm
would (as suggested by the label ‘‘normative’’) lead to an objectively correct judgment on each occasion,
assuming that processing disruptions are not an issue. Depending on the number of players and tickets in the
rafﬂe, this process involving the summing of tickets across alternatives could be quite resource intensive.
Also, Kahneman (2003) recently noted that additive representations of stimuli, which are required by this
approach, are not readily accessible; generating a representation of the sum of a set of stimuli requires deliberative intent to do so. Indeed, we assume that the processes comprising this normative approach have characteristics in common with other forms of deliberative and rule-based processes (see, e.g., Sloman, 1996 for
review).
Copyright # 2005 John Wiley & Sons, Ltd.
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Figure 1. (a) Example of a rafﬂe used in Experiments 1 and 2 with evidence represented numerically (b) Example of a
rafﬂe used in Experiments 1 and 2 with evidence represented graphically

The comparison-heuristic approach
Even if the normative solution for judging the likelihood of winning rafﬂes is known by most individuals,
research using this rafﬂe-ticket paradigm and related paradigms has revealed that people often do not exclusively use this normative approach to judging likelihood (Gonzalez & Frenck-Mestre, 1993; Teigen, 2001;
Windschitl & Wells, 1998; Windschitl & Young, 2001). Windschitl and Wells (1998) argued that when people are asked to provide non-numeric likelihood judgments about focal outcomes in polychotomous cases,
they often rely in part on a comparison heuristic. More speciﬁcally, people make pairwise comparisons
between the evidence for the focal outcome and the evidence relevant to each alternative outcome. The pairwise comparison involving the strongest of all the alternative outcomes has a dominating inﬂuence on a participant’s intuitive level of certainty about the focal outcome—the more this comparison favors the focal
outcome (or the less it favors the strongest alternative), the greater the perceived likelihood of the focal outcome. Consistent with the idea that people sometimes use a comparison heuristic, Windschitl and Wells
(1998) demonstrated systematic instances of a phenomenon called the alternative-outcomes effect. In
demonstrations of the effect, people’s perceptions of certainty regarding a focal outcome vary as a function
of how evidence for the alternative outcomes is distributed, even when the overall amount of evidence for the
alternative outcomes is held constant. In one study, participants’ intuitive certainty about winning (expressed
on a non-numeric scale) was greater for a rafﬂe in which they were said to hold 21 tickets and others held 14,
13, 15, 12, and 13 tickets than a rafﬂe in which they were said to hold 21 tickets and others held 52, 6, 2, 2,
and 5 tickets. The direction of this effect is consistent with the comparison heuristic because the comparison
Copyright # 2005 John Wiley & Sons, Ltd.
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between the evidence for the focal outcome and the strongest alternative outcome is more favorable for the
focal outcome in the former rafﬂe (21 vs. 15 tickets) than in the latter rafﬂe (21 vs. 52 tickets). In this and
other demonstrations of the alternative-outcomes effect (and a closely related effect called the equiprobability effect; Teigen, 2001), the observed differences in likelihood judgments have consistently fallen in a direction supporting the hypothesized comparison heuristic.
Additional evidence for the notion that alternative-outcome effects are due to pairwise heuristic comparisons comes from a study in which participants were given an opportunity to select which of two 25-ticket
rafﬂes they wanted to hold a ticket in—one rafﬂe in which each person held only one ticket or a second rafﬂe
in which one person held seven tickets but everyone else each held one ticket (Windschitl & Wells, 1998).
Most participants preferred to play in the former rafﬂe. Moreover, their self-reports for why they picked the
former rafﬂe often indicated that they were comparing their chances of winning to each individual player;
they felt less optimistic about the latter rafﬂe because there was a player in that rafﬂe who held many more
tickets than they did.
It is important to emphasize that the comparison-heuristic approach provides answers that will generally
but not perfectly track objective probabilities (see Windschitl & Wells, 1998). It would also appear to be an
approach that is more spontaneous and less resource demanding than the normative approach, because the
process requires only pairwise comparisons rather than the deliberative summation of tickets. Finally, unlike
the normative and random approaches, only the comparison-heuristic approach produces systematic cases of
alternative-outcomes effects.

The random approach
A third ‘‘approach’’ to judging likelihood is a random approach, in which participants, for whatever reason,
respond in an apparently random fashion across the rafﬂes they encounter. Responses from this approach
would necessarily be uncorrelated with objective probabilities and would not exhibit any alternativeoutcomes effects. A random approach to estimating likelihood would presumably be the least resource
demanding of the three approaches.

Summary
As is frequently done in the literature on contingent decision making (see, e.g., Payne et al., 1993), we have
placed the approaches we are investigating on a continuum ranging from normative to random. The midlevel approach we have identiﬁed (i.e., the comparison-heuristic approach) has a heuristic property—or
an efﬁciency property that might make it adaptive under some task conditions. Our focus in this paper is
primarily on the ﬁrst two approaches. The random approach is not necessarily a true approach but rather
the absence of a systematic strategy to making likelihood judgments. Nonetheless, an important question
addressed in this research is whether people who cannot or do not use a normative approach because of
adverse task conditions would switch to noisy responding (a random approach) or whether they would switch
to another form of systematic responding (the comparison-heuristic approach).

THE MODERATORS AND PREDICTIONS
Figure 2 depicts a framework for understanding the conceptualization and predictions of this research.
Because an underlying goal of this research was to explore the degree of ﬂexibility in processing for judgments in polychotomous cases, we chose potential moderator variables that varied across real-world settings
and that could be plausibly expected to inﬂuence a respondent’s processing approach. Speciﬁcally, we tested
Copyright # 2005 John Wiley & Sons, Ltd.
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Figure 2. A conceptualization for the possible approaches, moderators, and empirical results that were examined in this
research. The ‘‘Empirical results’’ box shows hallmarks or key results that would occur if a person were to use the speciﬁed approach. For example, a participant using the comparison-heuristic approach would produce likelihood judgments that contained alternative-outcomes effects and would be moderately correlated with objective probabilities.
Although the conceptualization may appear to suggest exclusivity among the approaches, we do not assume that a participant would use only one approach for judging the likelihoods of winning rafﬂes

whether the approaches that people take toward judging their likelihood of winning a rafﬂe differed as a
function of three manipulated variables: 1) whether participants were required to provide numeric or
non-numeric estimates of likelihood, 2) whether they were self-paced or placed under time pressure, and
3) whether the quantity of tickets held by each rafﬂe player was represented by a number (as is the case
in Figure 1a) or by the height of a ‘‘ticket stack’’ (see Figure 1b). Experiment 1 also tested the inﬂuence
of two individual difference variables that reﬂect people’s preferences for rule-based and intuitive thinking.

The response format factor
Unlike the other two factors being investigated, the inﬂuence of the response-format factor on the use of the
comparison heuristic has been investigated in previous work. Alternative-outcomes manipulations have
Copyright # 2005 John Wiley & Sons, Ltd.
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tended to produce robust effects on verbal and other non-numeric measures (e.g., a measure that includes
options such as ‘‘somewhat likely’’) but no discernable effects on numeric probability measures (e.g.,
Teigen, 1988, 2001; Windschitl & Wells, 1996, 1998). When participants in a typical alternative-outcomes
study are asked to respond on a numeric scale, there is a compatibility between the response scale values and
the numeric values the participants would use when mentally applying a formal rule to calculate an answer
(Slovic, Grifﬁn, & Tversky, 2002). This compatibility can prompt a heightened level of deliberative and rulebased thinking, because people become aware that there is a right and a wrong answer and that they know
some formal rules that can be applied to arrive at the right answer (Windschitl & Wells, 1996, 1998). However, when asked to provide a non-numeric estimate, respondents are aware that there is no precisely correct
or incorrect answer, which reduces the need for deliberate and rule-based processing. Instead, participants
can rely, at least in part, on other processes to make judgments—in this case, a comparison-heuristic
approach.
In the present experiments, we expected to replicate the previously observed differences in the extent to
which numeric and non-numeric measures detect alternative-outcomes effects (e.g., Teigen, 1988, 2001;
Windschitl & Wells, 1998). Unlike previous studies that have tested this issue on a scenario-by-scenario
basis, our paradigm examined patterns of responses across several rafﬂes, which provided for more stable
estimates about the extent to which numeric and non-numeric measures tend to elicit normative rather
than heuristic comparison processes. We also recorded the response latencies between the onset of a given
rafﬂe and the recording of a response. Although both the numeric and non-numeric measures required only a
mouse click, we expected that participants who were asked to give numeric rather than non-numeric
responses would show relatively longer latencies (when not under time pressure), reﬂecting greater
degrees of deliberative and rule-based processing mediating their responses (i.e., the use of formal probability rules).

The time pressure factor
What happens to people’s likelihood judgments and the processes that mediate them under time pressure?
Generating an accurate likelihood judgment would appear to become increasingly difﬁcult as time pressure
increases. For example, the calculations required to determine the objective probability of winning the rafﬂe
in Figure 1a (summing the total number of tickets and dividing ‘‘your’’ number of tickets by that value)
would presumably be quite difﬁcult to do within a 4-second deadline. Hence, one possibility is that likelihood judgments degenerate in a random fashion and simply reﬂect greater and greater degrees of noise under
intense time pressure. However, research on choice behavior has shown that when people are under time
pressure, they often shift processing strategies to ensure reasonable accuracy (Ben Zur & Breznitz, 1981;
Payne et al., 1988; Wright, 1974). We suspect that when making likelihood estimates in polychotomous
cases, people placed under severe time pressure rely on heuristic comparison processes. In the rafﬂe paradigm, we expected that time pressure would cause people to shift from trying to sum the evidence for alternative players (part of the normative process which is presumably resource intensive) to relying more on
pairwise comparisons that are easier to execute (with the comparison between the focal and strongest alternative carrying inordinate weight). Hence, alternative-outcomes effects, which are products of the comparison heuristic, should increase under time pressure, even though people’s sensitivity to changes in the
objective likelihood of the focal outcome might tend to be hampered by time pressure.

The evidence representation factor
The evidence on which likelihood judgments are based can be of various types. In the rafﬂes we have
discussed thus far, evidence is represented as a precise number. However, one can also make a likelihood
Copyright # 2005 John Wiley & Sons, Ltd.
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judgment based on similarity information (as in the famous Linda problem; Tversky & Kahneman, 1982),
on memory for past events (see Windschitl, Young, & Jenson, 2002), or on other forms of information.
We assume that the comparison heuristic can be applied in any type of likelihood judgment, irrespective
of how a respondent went about judging the strength of the evidence for the possible outcomes (see
Windschitl et al., 2002). In Experiments 1 and 2 of this paper, participants viewed rafﬂes in which the
evidence was represented by numbers (as in Figure 1a) or by stacks that were said to proportionally reﬂect
quantities of tickets (as in Figure 1b). We expected that the alternative-outcomes effects observed in the
graphical-representation condition would be as large or larger than those observed in the numericalrepresentation condition. Previous research on graph comprehension has identiﬁed ways in which graphical displays facilitate various forms of information processing or can be used to draw attention to speciﬁc
trends, comparisons, or dimensions (e.g., Jarvenpaa, 1989, 1990; Schkade & Kleinmuntz, 1994; Shah,
Mayer, & Hegarty, 1999; Stone et al., 2003; see review by Shah, Freedman, & Vekiri, in press). However,
the research described in the graph-comprehension literature provides only clues for answering the question of whether a graphical display would inﬂuence the degree of heuristic processing that mediates a
likelihood judgment. Our primary rationale for why we thought that the alternative-outcomes effect might
be larger in the graphical-representation condition was that we assumed that participants would have difﬁculty summing the numbers of tickets in graphically represented rafﬂes, because the precise number of
tickets held by individuals was not explicitly stated and participants could not directly translate the height
of a ticket stack into a speciﬁc number. If indeed participants had difﬁculty summing the tickets in a rafﬂe,
they might rely on the comparison heuristic, which does not require the respondent to sum evidence
across alternatives. Also, because tabular representations of data tend to require greater serial and effortful
processing than do graphical representations when information must be integrated (see Jarvenpaa & Dickson, 1988; Shah et al., in press), it seems reasonable to speculate that people might tend to approach graphical displays with a more effortless processing style—that is, a style in which they do not anticipate
needing to think in a deliberative and precise manner (for a related argument, see Kleinmuntz & Schkade,
1993). This might lead to a rejection of the more deliberative, normative approach in favor of heuristic
comparisons. Finally, graph-comprehension research by Simkin and Hastie (1987) suggests that bar-chart
formats are particularly conducive to comparing among values (see also Jarvenpaa & Dickson, 1988).
Although Simkin and Hastie were evaluating bar charts versus pie charts (not bar charts vs. tables),
we nevertheless think it is notable that bar-chart displays were not particularly conducive to part-to-whole
comparisons, comparisons which are essentially required for arriving at normative likelihood judgments
about the rafﬂes.

Individual differences in rational and experiential thinking
Although our main focus in this research concerned the inﬂuence of task conditions as potential moderators
of processing approaches, we also tested in Experiment 1 the potential moderating role of individual differences in information processing by administering the Rational Experiential Inventory (REI; Pacini &
Epstein, 1999). The REI measures a participant’s self-proclaimed ability and engagement in both rational
(rule-based) and experiential (intuitive) thinking. Agreeing with statements such as ‘‘I have a logical mind’’
and ‘‘I like to rely on my intuitive impressions’’ would reﬂect propensities for rational and intuitive thinking,
respectively. To the extent that people generally prefer rule-based reasoning, they would presumably tend to
approach the rafﬂes in Experiment 1 from a rule-based perspective, which would yield normatively appropriate responses. People who prefer to rely on experiential or intuitive solutions might show an opposite
tendency towards relying on heuristic solutions, such as the comparison heuristic. Hence, we predicted that
the extent to which participants exhibited alternative-outcomes effects would be negatively correlated with
their scores on the rational subscale of the REI and/or positively correlated with their scores on the experiential subscale.
Copyright # 2005 John Wiley & Sons, Ltd.
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EXPERIMENT 1

Overview
Experiment 1 used a methodology similar to that used by Windschitl and Young (2001) in which participants
saw and provided likelihood estimates for a series of hypothetical rafﬂes. The tickets in the rafﬂes were
manipulated in such a way that would allow us to test the extent to which participants’ judgments of likelihood exhibited alternative-outcomes effects as well as normative effects linked to true changes in the likelihood of the focal outcome. When Windschitl and Young used this paradigm, all participants provided nonnumeric ‘‘gut-level’’ estimates of their optimism about winning. Both alternative-outcomes effects and normative effects were detected, but no moderator variables were examined. In the present experiment, three
potential moderator variables were tested: response format, time pressure, and evidence representation. Participants also completed the REI (Pacini & Epstein, 1999).

Method
Participants and design
Students (N ¼ 168) from a University of Iowa introductory psychology course were tested in groups ranging
in size from 1 to 4. We employed a mixed design in which response format (numeric vs. non-numeric), time
pressure (self-paced vs. rushed), and a counterbalancing factor were manipulated between subjects. Evidence representation (numerical vs. graphical), rafﬂe type (baseline, ﬂat, peaked, concentrated, and
reduced-focal), and rafﬂe set (1–6) were manipulated within subjects.

Procedure
All instructions and stimuli were presented to participants via computers, and all responses were made via
mouse clicks. Participants ﬁrst saw a sample rafﬂe and instructions about how the rafﬂes should be interpreted. Next, participants saw the scale they were going to use when providing their responses. Participants
in the numeric-response condition saw a row of 21 adjacent buttons, each labeled with a percentage increasing in ﬁve percent intervals from 0% (coded as 0) to 100% (coded as 20). Those participants were instructed
that we were interested in their careful assessment of the true likelihood of winning and were asked to click
on the response that best reﬂected the true objective probability of winning. Participants in the non-numericresponse condition saw a thick line anchored with ‘‘extremely unlikely’’ and ‘‘extremely likely.’’ This line
was invisibly partitioned into 21 equally sized areas, allowing us to code participants’ responses from 0 to 20.
Those participants were instructed that we were interested in their general impression of how likely they
were to win and were asked for their gut-level responses.
The basic instructions for the participants in the self-paced and rushed conditions were identical, except
that the instructions for the rushed condition included the following:
However, you will have only 5 seconds to view each rafﬂe, so you will have to respond very quickly. If
you have not responded within 5 seconds, the rafﬂe picture will disappear, and you should provide your
response immediately. Although this task is not an easy one, please ‘‘hang in there’’ and do your very best
throughout the entire experiment. There is a pause after every rafﬂe, so feel free to use it if you need a rest.
After the instructions, all participants responded to one practice rafﬂe and then proceeded to the critical
rafﬂes (described below). All participants responded to the same 30 rafﬂes twice, once with tickets represented by numbers (the numerical-evidence condition; Figure 1a) and once with tickets represented as stacks
(the graphical-evidence condition; Figure 1b). This sequence was counterbalanced across participants,
and the order of the 30 rafﬂes was independently randomized for each participant. Lastly, participants
completed the REI (Pacini & Epstein, 1999).
Copyright # 2005 John Wiley & Sons, Ltd.
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Table 1. Numbers of tickets held by focal and alternative players in rafﬂes from experiments 1 and 2
Alternative Playersa
Rafﬂe Set

Rafﬂe Type

1

Baseline
Flat
Peaked
Concentrated
Reduced-Focal
Baseline
Flat
Peaked
Concentrated
Reduced-Focal
Baseline
Flat
Peaked
Concentrated
Reduced-Focal
Baseline
Flat
Peaked
Concentrated
Reduced-Focal
Baseline
Flat
Peaked
Concentrated
Reduced-Focal
Baseline
Flat
Peaked
Concentrated
Reduced-Focal

2

3

4

5

6

Focal Player
17
17
17
17
12
11
11
11
11
8
9
9
9
9
7
14
14
14
14
11
15
15
15
15
10
19
19
19
19
10

1

2

3

4

5

p(focal)

8
8
19
38
8
7
7
16
33
7
11
11
21
42
11
7
7
13
26
7
18
18
31
42
18
8
9
20
25
8

5
8
5

5
8
5

5
7
5

4
7
4

5
5
7
5

5
4
7
4

5
4
6
4

4
4
6
4

5
6
8
6

4
5
8
5

4
5
8
5

4
5
7
5

6
4
5
4

5
3
5
3

5
3
5
3

5
3
4
3

4
6
13
6

3
5
11
5

3

3

6
3
8
3

5
2
8
2

3

2

0.386
0.309
0.309
0.309
0.308
0.314
0.250
0.250
0.250
0.250
0.220
0.176
0.176
0.176
0.179
0.412
0.350
0.350
0.350
0.355
0.341
0.263
0.263
0.263
0.256
0.594
0.432b
0.432
0.432
0.435

a

This table shows the ticket numbers for alternative players in an order from highest (on the left) to lowest (on the right). However, the
actual position-ordering of these numbers varied across sets (see Footnote 1 for more information).
Due to a programming error, some participants saw a 19-7-8-8 rafﬂe instead of the intended 19-9-8-8 rafﬂe. The difference between the
two rafﬂes is exceedingly small, did not appreciably inﬂuence any of the results, and is not discussed further.
b

Rafﬂes
The 30 rafﬂes that were used constituted 6 sets, with 5 rafﬂes in each. Table 1 shows the rafﬂes in this conceptually organized fashion. It should also be noted that the left-to-right ordering of the numbers within each
rafﬂe is depicted in a conceptually organized fashion that differs from the ordering seen by participants.1
In designing each set, we ﬁrst constructed a baseline rafﬂe. The construction of the baseline rafﬂes was
somewhat arbitrary, except that we wanted the probability of winning to be kept low in order to avoid ceiling
effects. We used this baseline rafﬂe as a starting point for devising the four other rafﬂes in the set—ﬂat,
1
In Table 1, the numbers of tickets held by alternative players are ordered from highest (on the left) to lowest (on the right). However, the
actual ordering of the alternative players varied across the sets but not within sets. For example, the actual ordering of the numbers for
players in Set 1 was 17-5-4-5-8-5 for baseline, 17-8-7-7-8-8 for ﬂat, 17-5-4-5-19-5 for peaked, 17-38 for concentrated, and 12-5-4-5-8-5
for reduced-focal. In previous research using these types of rafﬂe displays, the ordering of the alternative players was manipulated and
found to have no signiﬁcant bearing on participants’ optimism about winning (Windschitl & Young, 2001). The exact positioning of the
alternative players can be obtained by writing the authors.
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peaked, concentrated, and reduced-focal. For example, consider Rafﬂe Set 1. In Set 1, the ﬂat rafﬂe was
identical to the baseline, except that 11 tickets were added to the weakest alternative players, resulting in
a ﬂat distribution among alternative players (i.e., they all had a roughly similar numbers of tickets). The
peaked rafﬂe also was identical to the baseline, except that 11 tickets were added to the strongest alternative
player, resulting in a peaked distribution among alternative players. The concentrated rafﬂe was also identical to the baseline, expect that 11 tickets were added and all the alternative tickets were held by (or concentrated into) one player. Finally, the reduced-focal rafﬂe was identical to the baseline, except that the
tickets held by the focal player were reduced such that the probability of winning the reduced-focal rafﬂe
was the same (or very nearly the same) as in the ﬂat, peaked, and concentrated rafﬂes. The rafﬂes of the other
sets were constructed by the same basic method. Hence, within a set, the non-baseline rafﬂes all offered the
same probability of winning, which was always less than the probability of winning the baseline rafﬂe.
Comparisons between participants’ responses to the baseline, ﬂat, peaked, and concentrated rafﬂes can be
used as indexes of normative and alternative-outcomes effects. Namely, the difference in responses between
baseline and ﬂat rafﬂes reﬂects the extent to which participants were sensitive to a change in the objective
likelihood of winning. The difference in responses between the ﬂat and peaked rafﬂes (or between peaked
and concentrated) reﬂects the extent to which participants were sensitive to manipulations of how evidence
was distributed across alternative players. The reduced-focal rafﬂes are less relevant than the others to the
main hypotheses in this paper, and therefore we will not discuss the results for this rafﬂe type in much detail.
Results and discussion
Based on preliminary analyses involving a full mixed-model ANOVA,2 we determined that the rafﬂe-set
factor could be dropped from our analyses without inﬂuencing the central conclusions of the study. Hence,
we collapsed across rafﬂe sets to compute average responses within each type of rafﬂe. The means for the
4 rafﬂe types that are most relevant to our hypotheses are depicted in Figure 3—broken down by response
format and time pressure. (As discussed shortly, the evidence representation factor did not systematically
inﬂuence our key results, so we collapsed data across this factor in Figure 3.) Means and standard deviations
for each rafﬂe type, as a function of all three manipulated variables, are displayed in Appendix A.
In order to test the main hypotheses, we created three indexes by calculating difference scores for each
participant between his/her mean responses to speciﬁc rafﬂes:
1. Alternative-Outcomes-Effect Index 1 (AOE1) ¼ MFlat Rafﬂes  MPeaked Rafﬂes
2. Alternative-Outcomes-Effect Index 2 (AOE2) ¼ MPeaked Rafﬂes  MConcentrated
3. Normative-Change Effect Index (NCE) ¼ MBaseline Rafﬂes  MFlat Rafﬂes

Rafﬂes

For brevity, we do not report results for another possible AOE index (based on the difference between the ﬂat
and concentrated rafﬂes) because it produced results similar to the other AOE indexes. Also, although we
could include more NCE indexes (e.g., based on the difference between baseline and peaked rafﬂes) we
omitted such indexes because they conﬂate a participant’s sensitivity to a change in objective probability
with his/her sensitivity to a change in the distribution of evidence.
As a preliminary comment, we note that one-sample t-tests (collapsed across all factors) show that the
values in the AOE1, AOE2, and NCE Indexes were signiﬁcantly different from zero, with all p values less
than 0.001. In large measure then, participants were sensitive to changes in the distribution of evidence
2
These preliminary analyses are less relevant to our main hypotheses than are the analyses reported in the body of the paper, yet we will
brieﬂy summarize their ﬁndings. In the full mixed-model ANOVA (on raw likelihood-judgment data) that included all possible factors,
the main effects for rafﬂe set and rafﬂe type were, not surprisingly, quite robust (p < 0.001). The time-pressure main effect was not
signiﬁcant but the evidence-representation main effect was signiﬁcant (p < 0.05), with participants giving slightly higher estimates in the
numeric-representation condition (see Appendix B). The response-format main effect was signiﬁcant (p < 0.001), but this effect is not
very meaningful given that the numeric and non-numeric scales are not directly comparable (see Windschitl & Wells, 1996).
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Figure 3. Mean judged likelihood of winning (scored from 0–20) as a function of response type, time pressure, and rafﬂe
type in Experiment 1. The objective probability of winning is higher in baseline rafﬂes than in the other rafﬂes. The ﬂat,
peaked, and concentrated rafﬂes differ only in how tickets are distributed among alternative players

across alternative players (changes that do not inﬂuence a participant’s chances of winning) and sensitive to
the addition of tickets to alternative players (additions that do inﬂuence a participant’s chance of winning).
The key analyses focus on how the three indexes, particularly the AOE indexes, were inﬂuenced by the
response-format, time-pressure, and evidence-representation manipulations. The values for the AOE1 and
AOE2 Indexes were submitted to separate ANOVAs with evidence representation as a within-subjects factor
and response format and time pressure as between-subjects factors. As predicted, the main effect for the
response-format factor was signiﬁcant in both analyses, F(1, 164) ¼ 8.37, p < 0.01 and F(1, 164) ¼ 19.33,
p < 0.001, respectively. Participants responding on non-numeric scales showed much larger alternativeoutcomes effects (MAOE1 ¼ 1.42, SD ¼ 1.59; MAOE2 ¼ 2.53, SD ¼ 2.76) than did participants responding
on numeric scales (MAOE1 ¼ 0.80, SD ¼ 1.22; MAOE2 ¼ 0.91, SD ¼ 1.99). Consistent with our prediction
regarding time pressure, the main effect for time pressure was signiﬁcant in the analysis of the AOE1 Index,
F(1, 164) ¼ 7.19, p < 0.01. That is, the alternative-outcomes effect represented by the AOE1 Index (contrasting responses to ﬂat versus peaked rafﬂes) was larger for participants under time pressure (MAOE1 ¼ 1.39,
SD ¼ 1.50) than for those who were self-paced (MAOE1 ¼ 0.82, SD ¼ 1.35). Data from the AOE2
Index (peaked versus concentrated rafﬂes) show a similar but non-signiﬁcant trend, F(1, 164) ¼ 1.40,
p ¼ 0.24, (MAOE2 ¼ 1.93, SD ¼ 2.57; MAOE2 ¼ 1.50, SD ¼ 2.49, respectively). We had also predicted that
alternative-outcomes effects in the graphical-representation condition would be as large or larger than those
in the numerical-representation condition. The main effect for this factor was not signiﬁcant in the analysis
of the AOE1 Index, F(1, 164) ¼ 0.38, p ¼ 0.54. However, it was signiﬁcant in the analysis of the AOE2
Index, F(1, 164) ¼ 7.58, p < 0.01, with the alternative-outcomes effect being somewhat larger in the numerical (MAOE2 ¼ 1.98, SD ¼ 2.93) rather than graphical condition (MAOE2 ¼ 1.45, SD ¼ 2.71). Finally, of the
8 possible interactions across these two ANOVAs, none were statistically signiﬁcant.
To summarize the ﬁndings from ANOVAs on alternative-outcomes indexes, participants displayed larger
alternative-outcomes effects when responding on a non-numeric scale and when answering under time pressure. Although there was one analysis suggesting that alternative-outcomes effects might be larger when
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evidence is represented numerically rather than graphically, this ﬁnding was not replicated in Experiment 2,
and therefore we do not give it much credence.
Although the alternative-outcomes effect indexes showed sensitivity to the response-format and
time-pressure factors, the normative-change index was not inﬂuenced by these factors nor the evidencerepresentation factor. Speciﬁcally, the NCE Index yielded no signiﬁcant main effects or interactions (all
p > 0.05).

Response latencies
As would be expected, response latencies were considerably shorter and less variable in the time-pressure
condition (M ¼ 2.92 s, SD ¼ 0.56 s) than in the self-paced condition (M ¼ 5.92 s, SD ¼ 3.30 s). For the sake of
brevity, we report only our analyses for the self-paced condition; the results from the time-pressured condition were generally similar, but less extreme due to the increased uniformity created by the response deadline. Figure 4 depicts the mean response latencies (untransformed) from the self-paced condition for each of
the rafﬂe types that are most relevant to our main hypotheses.
Log-transformed response latencies from the self-paced condition were submitted to a mixed-model
ANOVA with rafﬂe set, rafﬂe type, and evidence representation as within-subjects factors; response format
was the only between-subjects factor. The rafﬂe-set and rafﬂe-type main effects were signiﬁcant,
F(5, 410) ¼ 4.50, p < 0.001, and F(4, 328) ¼ 49.28, p < 0.001, respectively. These ﬁndings reﬂect the fact
that participants responded faster to rafﬂes that had fewer alternative players (i.e., rafﬂes in Sets 5 and 6,
and all concentrated rafﬂes). More important, however, was the fact that the evidence-representation and
the response-format main effects were both signiﬁcant, F(1, 82) ¼ 20.57, p < 0.001, and F(1, 82) ¼ 34.96,
p < 0.001, respectively. Participants were quicker to respond on non-numeric (M ¼ 4.26 s, SD ¼ 1.79 s)
than on numeric scales (M ¼ 7.59 s, SD ¼ 3.63 s), and they were quicker when the evidence was represented
graphically (M ¼ 5.16 s, SD ¼ 3.24 s) rather than numerically (M ¼ 6.51 s, SD ¼ 3.86 s).
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Numeric Evidence;
Numeric Response
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Figure 4. Response latencies as a function of evidence representation, response type, and rafﬂe type from the self-paced
condition in Experiment 1
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The fact that participants giving numeric responses were relatively slow, whereas participants giving
non-numeric responses were relatively fast, is consistent with the claim by Windschitl and Wells (1996) that
participants who are asked to give numeric responses, relative to those asked to give non-numeric ones,
engage in more deliberative processing of information. However, this difference in response time might also
be due to the different instructions given to the two groups of participants—an issue that was resolved in
Experiment 2.
The fact that participants were quicker to respond when ticket quantities were presented graphically rather
than numerically is generally consistent with two possibilities we mentioned earlier: 1) that the imprecise
representations of ticket quantities in the graphical condition would make a normative approach difﬁcult and
cause people to employ a heuristic approach, and 2) that because people typically expect graphs to be easily
interpreted (see Kleinmuntz & Schkade, 1993), they would approach graphical displays with a relatively
effortless and heuristic processing style. However, the likelihood judgment data do not support either of
these possibilities; graphical representations of evidence, relative to numerical representations, were not
more likely to prompt alternative-outcomes effects. Hence, it appears that people can execute likelihoodestimation processes more efﬁciently when evidence is represented graphically rather than numerically,
regardless of whether these processes are largely heuristic or rule-based. Experiment 2 provides an opportunity to see if the ﬁndings supporting this unanticipated conclusion are replicated.
Finally, we also examined the relation between response latencies and the AOE1, AOE2, and NCE Indexes
for participants in the self-paced condition. The correlation between response latencies and the NCE Index
was positive but nonsigniﬁcant, r ¼ 0.10, p > 0.10. However, the correlations between response latencies and
the alternative-outcomes-effect indexes were signiﬁcantly negative, rAOE1 ¼ 0.31, p < 0.01; rAOE2 ¼
0.46, p < 0.001. These negative correlations indicate that people who responded quickly tended to use
the comparison heuristic.

Rational-experiential inventory
Although our main hypotheses focused on how speciﬁc task conditions inﬂuence processes underlying likelihood judgments, data from the Rational Experiential Inventory (REI) also allow us to examine potential
individual differences in these processes. Consistent with our prediction that participants who prefer to
engage in rule-based thinking would be less sensitive to alternative-outcomes effects, scores on the rational
subscale of the REI were correlated negatively with both the AOE1 and AOE2 index, r(167) ¼ 0.22,
p < 0.01, and r(167) ¼ 0.18, p < 0.02, respectively. Scores on the rational subscale were also (marginally)
positively correlated with the NCE index, r(167) ¼ 0.13, p ¼ 0.08. Preference to engage in experiential thinking, however, was not systematically related to any of our indexes (all p > 0.10). Although the results of the
individual difference measures are somewhat mixed, they do provide support for the notion that when people
are not inclined to take a normative/rule-based approach to solving a likelihood-judgment problem, this does
not necessarily lead to random error in the judgment process, but instead leads to an increased reliance on a
systematic yet heuristic process that yields alternative-outcomes effects.

EXPERIMENT 2
The ﬁndings from Experiment 1 left some issues unresolved. For example, although the results clearly
showed that alternative-outcomes effects can be observed regardless of whether evidence is represented
numerically or graphically, the results were mixed as to whether numerical and graphical representations
of evidence prompt differing amounts of alternative-outcomes effects. To address this and other issues more
deﬁnitively, we conducted a replication of Experiment 1 that included largely similar methods, factors, and
materials.
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We again manipulated the evidence representation factor in order to assess whether graphical representation of evidence prompts the same or different levels of alternative-outcomes effects. To allow for the cleanest possible manipulation of this factor, we used a between-subjects manipulation, rather than the withinsubjects manipulation that was used in Experiment 1.
In Experiment 1, time pressure appeared to increase the use of the comparison heuristic, as evidenced by a
signiﬁcant effect on the AOE1 Index. However, although the same type of effect was observed for the AOE2
Index, this effect was not signiﬁcant. Hence, we wished to explore the role of time pressure again. In Experiment 2, we made the time pressure manipulation a bit more severe—giving participants only 3 seconds to
provide their responses.
The response-format main effects in Experiment 1 were quite strong. Participants exhibited larger
alternative-outcomes effects on the non-numeric than on numeric scales, and they took longer to decide
on a numeric response than a non-numeric one. Although both of these ﬁndings are consistent with the idea
that numeric measures are more likely than non-numeric ones to prompt deliberative and rule-base thinking
(Windschitl & Wells, 1996), the results might alternatively be explained by the difference in the instructions
that accompanied the two types of response scales. Participants in the non-numeric condition, but not the
numeric condition, were encouraged to indicate their gut-level impressions when providing a response (similar to instructions used by Windschitl & Young, 2001). To assess whether the response scales themselves
produce differential processing of information, we gave all participants in Experiment 2 the same instructions about the response scales. In fact, we went to some lengths to encourage all participants to remain
highly motivated and focused throughout the experiment while trying to provide the most objectively correct
or appropriate answer they could give for each rafﬂe.
Method
Participants, design, and rafﬂes
Students (N ¼ 301) from a University of Iowa introductory psychology course were tested in groups ranging
in size from 1 to 4. The design was the same as that used in Experiment 1, except the evidence-representation
factor (numeric vs. graphical) was manipulated between subjects. The rafﬂes were identical to those in
Experiment 1.
Procedures
The procedures were identical to those used in Experiment 1 with some exceptions. First, as the following
excerpt illustrates, the initial instructions emphasized careful and ‘‘objectively correct’’ responding.
For this experiment, it is critical that participants attempt to give the most objectively correct or appropriate answer that they can for each rafﬂe they see. This requires that participants remain motivated and
devote high concentration for each and every rafﬂe . . . Please try to give the most correct or appropriate
answer that you can for each rafﬂe, even the last one.
Before beginning the experiment, participants were given an opportunity to inform the experimenter if they
thought they would be unable to make a full effort on all the rafﬂes (none took this opportunity). To reinforce
the notion that we wanted their careful assessments, we also offered people a pencil and sheet of paper and
told them ‘‘You might ﬁnd this paper helpful at various points in this experiment. Feel very free to use the
paper for any purposes you deem necessary.’’ A second difference from Experiment 1 involved the response
scale instructions. Although the same numeric and non-numeric scales were used in Experiment 2,
the instructions solicited participants’ assessments of the true likelihood of winning regardless of the
response format. A third difference was that the response deadline in the time-pressure condition was changed from 5 to 3 seconds. A fourth difference was that, because of time constraints within our experimental
sessions, participants did not complete the REI.
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Figure 5. Mean judged likelihood of winning (scored from 0–20) as a function of response type, time pressure, and rafﬂe
type in Experiment 2. The objective probability of winning is higher in baseline rafﬂes than in the other rafﬂes. The ﬂat,
peaked, and concentrated rafﬂes differ only in how tickets are distributed among alternative players

Results and discussion
Results of preliminary analyses involving a full mixed-model ANOVA closely resembled those of Experiment 1.3 Hence, we again collapsed across rafﬂes sets to compute average responses within each type of
rafﬂe. The means for the baseline, ﬂat, peaked, and concentrated rafﬂes are depicted in Figure 5. Means
and standard deviations for all rafﬂes are in Appendix B. We will again report the analyses for the three
indexes that we created: AOE1, AOE2, and NCE. As in Experiment 1, preliminary one-sample t-tests (collapsed across all factors) showed that the mean values of these indexes were all signiﬁcantly different from
zero ( p < 0.001).
The values for the AOE1 and AOE2 Indexes were submitted to separate ANOVAs with response format,
time pressure, and evidence representation as between-subjects factors. The main effect for the responseformat factor was again signiﬁcant in both analyses, F(1, 294) ¼ 11.82, p < 0.001 and F(1, 294) ¼ 33.26,
p < 0.001, respectively. Participants responding on non-numeric scales showed much larger alternativeoutcomes effects (MAOE1 ¼ 1.24, SD ¼ 2.15; MAOE2 ¼ 2.99, SD ¼ 3.63) than did participants responding
on numeric scales (MAOE1 ¼ 0.48, SD ¼ 1.63; MAOE2 ¼ 0.88, SD ¼ 2.67). Unlike in Experiment 1, the main
effect for time pressure was not signiﬁcant for the AOE1 Index, F(1, 294) ¼ 0.162, p ¼ 0.70. However, the
same main effect was signiﬁcant for the AOE2 Index, F(1, 294) ¼ 5.59, p < 0.05, with participants in the
time-pressure condition (M ¼ 2.37, SD ¼ 3.45) showing larger alternative-outcome effects than those in
the self-paced condition (M ¼ 1.51, SD ¼ 3.21). Finally, both of the evidence-representation main effects
were not signiﬁcant, both Fs < 1. None of the eight interactions within these two ANOVAs were signiﬁcant.
The results from the ANOVA on the NCE Index revealed a somewhat different pattern. The main effect for
the response-format factor was not signiﬁcant, F < 1. However, unlike in Experiment 1, the time-pressure
3
In the preliminary analyses, the mixed-model ANOVA (on raw data) that included all possible factors revealed signiﬁcant main effects
for rafﬂe type, rafﬂe set, and response format (all p’s < 0.05) but nonsigniﬁcant effects for evidence representation and time pressure.

Copyright # 2005 John Wiley & Sons, Ltd.

Journal of Behavioral Decision Making, 18, 281–303 (2005)

296

Journal of Behavioral Decision Making

main effect was signiﬁcant, F(1, 294) ¼ 5.79, p < 0.05. Participants under time pressure were less sensitive to
the change in objective probability (M ¼ 1.26, SD ¼ 1.64) than were participants who were self paced
(M ¼ 1.72, SD ¼ 1.60). The evidence-representation main effect was not signiﬁcant, F < 1. None of the interactions were signiﬁcant.
With regards to the main hypotheses under investigation, the results from Experiment 2 support the same
general conclusions as do the results from Experiment 1. The signiﬁcant effects for response format on the
AOE Indexes provide clear support for the idea that people tend to rely on the comparison heuristic to a
greater degree when they are providing non-numeric rather than numeric likelihood judgments. These effects
were quite robust even though participants were given the exact same instructions about how to use the two
scales. Hence, it appears that the numeric features of the response scale do indeed elicit a different set of
judgment processes than do the features of a non-numeric scale (Windschitl & Wells, 1996). Placing participants under time pressure increased their tendency to rely on the comparison heuristic (as evidenced by the
effect on the AOE2 index), but it also signiﬁcantly decreased their sensitivity to a change in the objective
probability of the focal outcome (as assessed by the NCE Index). Finally, it appears that the way in which
evidence was represented did not have much impact on the key likelihood judgment processes under investigation; in Experiment 2, the alternative-outcomes effects were just as large (and no larger) when evidence
was presented graphically rather than numerically.

Response latencies
Response latencies were again considerably shorter and less variable in the time-pressure condition
(M ¼ 2.90 s, SD ¼ 2.75 s) than in the self-paced condition (M ¼ 11.01 s, SD ¼ 8.10 s). As in Experiment 1,
an ANOVA on log-transformed latency data from the self-paced condition revealed signiﬁcant rafﬂe-set and
rafﬂe-type main effects, F(5, 735) ¼ 14.26, p < 0.001, and F(4, 588) ¼ 69.19, p < 0.001. More importantly,
the evidence-representation and the response-format main effects were again signiﬁcant, F(1, 147) ¼ 19.79,
p < 0.001, and F(1, 147) ¼ 20.38, p < 0.001. Participants were quicker to respond on non-numeric
(M ¼ 8.36 s, SD ¼ 5.92) than on numeric scales (M ¼ 13.70 s, SD ¼ 9.11), and they were quicker when
evidence was represented graphically (M ¼ 8.38 s, SD ¼ 5.73) rather than numerically (M ¼ 13.62 s,
SD ¼ 9.22).
Figure 6 depicts the response latencies from the self-paced condition, for each of the rafﬂe types that are
most relevant to our main hypotheses. This pattern is nearly identical to that observed for Experiment 1.
Unlike in Experiment 1, the quicker response latencies for non-numeric rather than numeric responses cannot be attributed to differences in the instruction that accompanied the two types of scales. Hence, the
response latency data from Experiment 2 provide clear support for the claim by Windschitl and Wells
(1996) that participants who are asked to give numeric rather than nonnumeric responses engage in more
deliberative processing of information.
The data from Experiment 2 support our conclusions from Experiment 1 about the relation between processing approaches and response latencies for graphical and numerical rafﬂes. The fact that alternativeoutcomes effects were no larger in the graphical than numerical conditions precludes an account suggesting
that graphical representations of evidence prompted an increase in the use of the comparison heuristic, which
thereby lowered response latencies. Instead, it appears that, regardless of the processes that are used to generate a likelihood estimate, people can execute these processes more efﬁciently when evidence is represented
graphically rather than numerically.
Finally, we again examined the relations between response latencies and the AOE1, AOE2, and NCE
Indexes (within the self-paced condition). As in Experiment 1, the correlation involving the NCE Index
was positive but non-signiﬁcant, r ¼ 0.08, p > 0.10. The correlations involving the AOE1 and AOE2 Indexes
were both negative and signiﬁcant, rAOE1 ¼ 0.28, p < 0.001; rAOE2 ¼ 0.36, p < 0.001. It again appears
that people who responded quickly tended to use the comparison heuristic.
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Figure 6. Response latencies as a function of evidence representation, response type, and rafﬂe type from the self-paced
condition in Experiment 2

CORRELATIONAL ANALYSES FOR EXPERIMENTS 1 AND 2
Thus far, we have presented results from an ANOVA framework, which tested the mean differences between
speciﬁc types of rafﬂes. However, the data from the two experiments can also be analyzed from a correlational approach. Instead of deﬁning an NCE Index as the extent to which participants’ responses to baseline
rafﬂes differed from their responses to ﬂat rafﬂes, we can deﬁne a Normative Index as the extent to which
participants’ responses across the rafﬂes correlated with what a normative model would predict. Also,
instead of deﬁning an AOE Index as the extent to which participants’ responses to ﬂat rafﬂes differed from
their responses to peaked rafﬂes, we can deﬁne a Comparison-Heuristic Index as the extent to which participants’ responses to all rafﬂes correlated with what a comparison-heuristic model would predict.
Hence, for each rafﬂe, we calculated predictions for a normative model and a comparison-heuristic model.
Assume that F represents the strength of the evidence for the focal outcome and that Aj represents the
strength of the evidence for the jth strongest alternative. The normative model was calculated as: F/
(F þA1 þ A2 þ A3 þ A4 þ A5). Although the comparison-heuristic account assumes multiple pairwise comparisons occur (with the focal-vs.-strongest-alternative playing a dominating role) our model simpliﬁed
this account as a comparison between only the focal and the strongest alternative outcome. That is, the comparison-heuristic model was calculated as: F/(F þA1).4 Next, for each participant we computed 2 correlations reﬂecting how his/her likelihood judgments across the rafﬂes related to 1) the predicted values from the
normative model and 2) the predicted values from the comparison-heuristic model. The resulting correlation
coefﬁcients constitute a Normative Index and Comparison-Heuristic Index, respectively. After transforming
these correlation coefﬁcients (using Fisher’s r to z transformations), we submitted them as data points to
ANOVAs (one for each experiment) with response format, time pressure, evidence representation, and index
(normative or comparison heuristic) as factors.
4
For the rafﬂes that were used in these experiments, the correlation between the values for the normative and comparison-heuristic model
was 0.64.
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Table 2. Means for the normative index and comparison-heuristic index collapsed across experiments 1 and 2
Normative Index
M
Numeric Condition
Self-Paced
Time-Pressured
Non-numeric Condition
Self-Paced
Time-Pressured

Comparison-Heuristic Index
SD

M

SD

0.67
0.58

0.22
0.19

0.46
0.51

0.23
0.26

0.61
0.56

0.22
0.19

0.60
0.60

0.27
0.27

Note: A value on the Normative Index reﬂects the extent to which a participant’s responses across the 30 rafﬂes correlated with the
objective probability of winning those rafﬂes. A value on the Comparison-Heuristic Index reﬂects the extent to which a participant’s
responses correlated with output from a comparison-heuristic model (which estimates likelihood by comparing the number of tickets
held by the participant to the number of tickets held by the strongest alternative player). The mean values for these indexes are shown in
this table.

The ANOVA for Experiment 1 revealed no signiﬁcant main effects other than a signiﬁcant effect for index,
F(1, 164) ¼ 9.85, p < 0.01, which simply reﬂects that—across the entire design—participants’ likelihood
judgments correlated with the normative model more than they correlated with the comparison-heuristic
model. More important is that the index factor interacted signiﬁcantly with the response-format factor,
F(1, 164) ¼ 17.05, p < 0.001, and with the time-pressure factor, F(1, 164) ¼ 7.12, p < 0.01. The pattern of
signiﬁcant ﬁndings was nearly identical for the same analysis on data from Experiment 2 (an additional main
effect for scale was found). Given the similarity in the results for Experiments 1 and 2, we combined the data
from those experiments in order to create Table 2, which depicts how the values of the Normative Index and
Comparison-Heuristic Index differ as a function of response format and time pressure.
These results provide broad conﬁrmation of the ﬁndings from the analyses already described. The
Index  Response-Format interaction suggests that a numeric response scale has different effects on people’s
tendencies to use a normative and heuristic approach. Whereas the numeric responding promotes the use of a
normative approach, it seems to reduce the use of a comparison-heuristic approach. The Index  Time Pressure
interaction reveals that there is a similar, although somewhat less pronounced, inﬂuence of time pressure.
GENERAL DISCUSSION
We set out to investigate how three potential moderator variables—response format, time pressure, and evidence representation—inﬂuence likelihood judgments regarding polychotomous cases. More speciﬁcally,
rather than focusing on whether these variables had a main effect inﬂuence on likelihood judgments (making
judgments generally higher or lower), we focused on how these three variables inﬂuenced three types of
mediating approaches to likelihood judgment: 1) a normative approach that involves the application of
learned rules of probability, 2) a comparison-heuristic approach in which likelihood judgment is heavily
inﬂuenced by a pairwise comparison between the evidence for the focal and strongest alternative outcome,
and 3) a random approach. There was clear evidence from our experiments that two of the three variables can
have a moderating role on the relative inﬂuences of these approaches.
Consistent with previous work, the non-numeric response scale led to larger alternative-outcomes effects
than did the numeric response scale (see Windschitl & Wells, 1998). Non-numeric responses were also made
substantially faster than were numeric ones. These ﬁndings support the argument that when people are asked
to give a non-numeric likelihood response (as opposed to a numeric one), they utilize a quicker and less
deliberative judgment process in which a pairwise comparison between the focal and the strongest alternative outcome plays a critical role (i.e., the comparison heuristic).
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Time pressure had a related inﬂuence. Overall, people were quite good at making likelihood judgments
under time pressure. Even under the heavy time pressure in Experiment 2, the extent to which participants’
numeric responses correlated with a normative model remained relatively high (r ¼ 0.63). Nevertheless, time
pressure did hurt the extent to which people’s likelihood judgments were sensitive to changes in objective
likelihood (Exp 2), presumably because it is difﬁcult to accurately sum the evidence for alternative players
(which is part of the normative process) under intense time pressure. Time pressure did not hurt the extent to
which people’s likelihood judgments were sensitive to changes in the distribution of evidence across alternatives. In fact, the results from the experiment suggest that participants increased their reliance on the comparison heuristic when under time pressure. This ﬁnding ﬁts with previous work from outside the likelihood
judgment domain showing that people often shift processing strategies to ensure reasonable accuracy under
time pressure or distraction (Ben Zur & Breznitz, 1981; Payne, Bettman, & Johnson, 1988; Wright, 1974).
Overall, the use of the comparison heuristic was equally robust when people saw graphical or numerical
representations of ticket quantities. Another key ﬁnding was that people were quicker at making judgments
from the graphical displays than from the numerical displays. Recall that we had speculated that graphical
displays might prompt low-effort processing (more heuristic processing) and that respondents would have a
difﬁcult time summing the tickets in the rafﬂe, which is an operation required by the normative approach.
However, the fact that respondents were quicker when faced with graphical rather than numeric displays—
yet there was no difference in heuristic processing—suggests that the graphical display format was easier to
interpret and use, regardless of whether a respondent employed a normative or heuristic approach to judging
likelihood. Perhaps even a normative approach was made easier by the graphical displays, by allowing
respondents to visually simulate the length of all stacks combined. This visual simulation would achieve
the same goal as performing mental arithmetic to sum the overall number of tickets in the rafﬂe. Graphical
displays that do not allow people to easily visually simulate an additive representation of evidence might
produce ﬁndings different from those in Experiments 1 and 2.

Related ﬁndings regarding the dud-alternative effect
Recent research on a phenomenon related to the alternative-outcomes effect has produced ﬁndings that parallel some of the ﬁndings from Experiments 1 and 2 (Windschitl & Chambers, 2004). This related phenomenon, called the dud-alternative effect, is deﬁned as an increase in the judged likelihood of a focal outcome
when very weak alternatives (‘‘duds’’) are added to the list of alternative outcomes. In one experiment, participants’ non-numeric likelihood estimates about winning a rafﬂe were more optimistic when they held 20
tickets and other players held 16, 2, and 1 tickets than when they held 20 tickets and the only other player
held 16. This effect, like the alternative-outcomes effect, appears to be a product of a pairwise comparison
approach to judging likelihood. Even though the pairwise comparison between the focal and strongest
alternative outcome has a substantially disproportionate inﬂuence on a likelihood judgment (which causes
alternative-outcomes effects), the pairwise comparisons between the focal and weaker alternative outcomes
also have some inﬂuence—an inﬂuence that can result in dud-alternative effects. For example, in the dudpresent rafﬂes mentioned above, the number of tickets held by the respondent seems like much more than
those held by either of the two dud players (those holding 2 and 1 tickets). These are two comparisons that
are quite favorable to the focal outcome. However, these two favorable comparisons are not relevant (and not
even available) when thinking about the dud-absent rafﬂe. Hence, in terms of pairwise comparisons, the
focal outcome fares better in the case of the dud-present rafﬂe than in the case of the dud-absent rafﬂe
(see Windschitl & Chambers, 2004).
A key parallelism in the ﬁndings from the present research and the research on the dud-alternative effect is
that dud-alternative effects, like alternative-outcomes effects, were found to be sensitive to both response
format and time pressure (graphical representations were not tested). The dud-alternative effect was robust
when detected by a non-numeric likelihood measure but was reversed when participants were asked to give
Copyright # 2005 John Wiley & Sons, Ltd.
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numeric likelihood responses. The effect was also signiﬁcantly enhanced by the same type of time pressure
applied in the second experiment of this paper.

Implications for theories of likelihood judgment
Taken together, the ﬁndings from the present research and that on the dud-alternative effect make a strong
case that theories of likelihood judgment must attempt to consider how moderating variables such as
response format and time pressure inﬂuence judgment processes. Likelihood judgments do not simply
degrade in the direction of randomness when respondents are confronted with a non-numeric scale or with
time pressure. Instead, respondents begin to rely more on a nonnormative but still systematic pairwise comparison approach to judging likelihood.
Existing theories of likelihood judgment that can be applied to polychotomous cases do not account for
alternative-outcomes effects or dud-alternatives effects, and they do not specify how likelihood judgment
processes might change as a function of important task conditions. A leading theory, support theory, can
explain a variety of phenomena through its notion of subadditive support (see Rottenstreich & Tversky,
1997; Tversky & Koehler, 1994). However, it is not speciﬁc (beyond types of subadditivity) as to how evidence/support assessments for individual alternative hypotheses (all of them in the relevant set) are treated or
integrated. Hence, support theory in its present form is best considered a uni-process model. The present
work suggests that a contingent-process model might prove beneﬁcial for understanding and predicting people’s likelihood judgments in polychotomous cases. Whether this contingent-process model should build
upon support theory or should be developed as distinct from support theory is an open question.

Parallels/nonparellels to contingent decision making
In reviewing research on constructive decision making, Payne, Bettman, and Johnson (1992) described both
a cost/beneﬁt framework and a perceptual framework for contingent processing. Accounts falling within the
cost/beneﬁt framework assume that the selection of a processing strategy (e.g., lexicographic) depends on a
weighing of the costs and beneﬁts of possible strategies given the task conditions. Accounts falling within the
perceptual framework assume that the use of strategies is inﬂuenced by perceptual or representational features of the task and environment. Whether this distinction will be a useful one for understanding contingent
processes in likelihood judgments about polychotomous cases is difﬁcult to determine. The fact that time
pressure inﬂuenced the utilization of the normative and comparison-heuristic approaches seems to fall under
the cost/beneﬁt framework. However, the fact that the response format inﬂuenced the relative use of the normative and heuristic approaches is difﬁcult to classify into one framework. On one hand, the response-format
effect seems to fall under the perceptual framework if we assume that a numeric response format, but not the
non-numeric format, somehow primed formal rules for determining likelihood. On the other hand, the
response-format effect seems to fall under the cost/beneﬁt framework if we assume that the non-numeric
response format lowered the perceived costs of being somewhat inaccurate, if participants knew that the possible response values could not be directly mapped to numbers and, therefore, could not be deemed correct or
incorrect. Hence, it is perhaps best to remain agnostic as to whether the cost/beneﬁt versus perceptual framework distinction that was useful for describing contingent decision making will be equally useful for organizing future work on contingent processes in likelihood judgment.
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APPENDIX A
Mean judged likelihood of winning as a function of response type, evidence representation, time pressure,
and rafﬂe type in Experiment 1. Standard deviations appear within parentheses. Responses on both the
numeric and nonnumeric scales were scored from 0 (0%, extremely unlikely) to 20 (100%, extremely likely).
Numeric Response
Numeric Evidence
Rafﬂe Type
Baseline
Flat
Peaked
Concentrated
Reduced-Focal

Self-paced

Rushed

8.53
(2.78)
7.30
(3.00)
6.56
(2.16)
6.01
(1.47)
6.98
(2.46)

9.58
(3.15)
8.36
(3.25)
7.31
(2.65)
5.81
(1.43)
8.01
(3.01)

Non-numeric Response

Graphical Evidence

Numeric Evidence

Self-paced Rushed

Self-paced Rushed Self-paced Rushed

8.07
(2.47)
7.21
(2.48)
6.65
(2.23)
6.42
(1.11)
6.72
(2.57)

9.25
(3.05)
8.29
(3.19)
7.46
(2.35)
6.10
(1.59)
7.34
(2.58)

10.73
(3.48)
9.39
(3.98)
8.63
(3.14)
5.66
(1.95)
9.20
(3.43)

11.19
(3.03)
10.30
(3.80)
8.62
(2.90)
5.71
(2.17)
9.51
(2.87)

Graphical Evidence

10.30
(2.96)
9.07
(3.55)
7.85
(2.92)
5.61
(2.56)
7.92
(2.47)

10.65
(3.40)
9.94
(3.20)
7.93
(2.56)
5.96
(2.14)
8.71
(2.91)

APPENDIX B
Mean judged likelihood of winning as a function of response type, evidence representation, time pressure,
and rafﬂe type in Experiment 2. Standard deviations appear within parentheses. Responses on both the
numeric and nonnumeric scales were scored from 0 (0%, extremely unlikely) to 20 (100%, extremely likely).
Numeric Response
Numeric Evidence
Rafﬂe Type
Baseline
Flat
Peaked
Concentrated
Reduced-Focal

Self-paced

Rushed

9.02
(2.23)
7.60
(2.81)
7.27
(2.55)
6.20
(1.94)
7.67
(2.65)

9.72
(2.65)
8.47
(3.05)
7.60
(2.36)
6.36
(1.59)
8.72
(2.91)
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Non-numeric Response

Graphical Evidence

Numeric Evidence

Self-paced Rushed

Self-paced Rushed Self-paced Rushed

9.02
(2.65)
7.23
(2.41)
6.84
(2.04)
6.85
(1.36)
7.43
(2.37)

10.16
(3.03)
8.85
(3.40)
8.51
(3.01)
7.30
(2.30)
8.20
(3.14)

11.06
(3.03)
9.39
(3.56)
8.15
(2.71)
5.90
(1.71)
9.06
(3.05)

11.11
(3.66)
9.76
(3.80)
8.90
(3.10)
5.30
(3.29)
9.09
(3.31)

Graphical Evidence

11.54
(4.00)
9.58
(3.91)
8.28
(3.13)
5.60
(2.12)
9.06
(3.17)

11.47
(3.26)
10.35
(3.60)
8.80
(2.82)
5.40
(2.30)
8.84
(2.52)
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