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ABSTRACT. Three experiments examine the effect of base rate con-
sistency under direct experience. Base rate consistency was manipulated
by blocking trials and setting base rate choice reinforcement to be
either consistent or inconsistent across trial biocks. Experiment 1 shows
that, contrary to the usual finding, participants use base rate informa-
tion more than individuating information when il is consistent, but less
when it is inconsistent. In Experiment 2, this effect was replicated, and
transferred in verbal questions posed subsequently. Despite experience
with consistent base rates increasing sensitivity to base rates in word
problems, verbal responses were far from normative. In Experiment 3,
participants” use of base rates was once again moderated by its consis-
tency, but this effect was itself moderated by the diagnosticity of base
rate information. Participants were highly accurate in estimating experi-
enced base rates. These studies demonstrate that base rate usage is com-
plex and a function of how base rates are presented (experienced versus
surhmary statistics) and response format (choice proportions versus prob-
ability estimates). Knowledge of base rates was insufficient for proper
usage in verbal word problems. Although choice proportions showed a
sophisticated sensitivity to experienced base rate information, participants
seemed unable to demonstrate a similar sophistication when given typical
word problems indicating that base rate neglect is a function of informa-
tion representation and not an inherent processing bias.

KEY WORDS: base rate neglect, decision making, learning, choice, direct
experience, diagnosticity

Koehler (1996) argued that the conditions under which base
rates are neglected have themselves been neglected, arguing
that there is litile understanding of “how the ambiguous,
unreliabie, and unstable base rates of the real world are and
should be used” (p. 1). The present research explores the
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adaptive usage of base rates under conditions of direct expe-
rience with unstable and differentially reliable base rates in a
simulated environment.

When people are given specific (or individuating) infor-
mation about a case, plus information about the population
distribution from which the case was drawn {(or base rate
information) they often underweight the base rate information
when judging the likelihood of an event. The cab problem is
one of the most common problems used to demonstrate base
rate neglect (Kahneman and Tversky, 1972; Bar-Hillel, 1980;
Tversky and Kahneman, 1980). In this example, the base rate
is more extreme than the witness is credible and therefore the
cab is more likely to be Green than Blue despite the witness
indicating that the cab was blue. Despite this fact, the typical
response corresponds with the individuating information (the
witness testimony) and is unaffected by the base rates and of
green and blue cabs (Tversky and Kahneman, 1982). There are
many other examples in the literature of participants ignoring
the base rates and instead relying predominantly on the indi-
viduating information (Kahneman et al., 1982). This finding
was considered so robust that Bar-Hillel (1980) stated, “The
genuineness, the robustness, and the generality of the base-rate
fallacy are matters of established fact” (p. 215).

However, this strong view about the robustness of base rate
neglect has not lasted. Koehler (1996) argues, “We have been
oversold on the base-rate fallacy in probabilistic judgment
from an empirical, normative, and methodological stand-
point” (p. 1). He argued that few studies demonstrate a total
neglect of base rates. More common are studies where base
rate usage is less than is prescribed by Bayes’s Theorem. He
also questioned the appropriateness of Bayes’s Theorem as a
universal judgment criterion, arguing that there are few exam-
ples in the real world where Bayes’s Theorem can unambigu-
ously be mapped to the problem space.

Hammond (1996) points out that there is an important
difference between evaluating the coherence of a judgment
(e.g., how well it matches with Bayes’s Theorem) and the cor-
respondence of a judgment (how well it predicts events in the
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world). Research on base rate usage that emphasizes the ratio-
nality, or coherence, of a judgment typically evaluates judg-
ment performance against a normative criterion (i.e., Bayes’s
Theorem). Research that emphasizes the correspondence of a
judgment evaluates how well decision makers adapt to differ-
ent environments, and implies that there is often no single
normative criterion but rather performance should be evalu-
ated on the basis of its adaptiveness (Gigerenzer et al., 1989;
Cooksey, 1996).

Most base rate research has been of the coherence vari-
ety, assessing the relationship between judgments and a math-
ematical model, Bayes’s Theorem. While the coherence of a
judgment is undeniably an important concern, so too is the
correspondence of a judgment. Less consideration has been
given to how base rate usage reflects and adaptively responds
to events in the world.

Bjorkman (1984) and Hammond (1996) note that most
people never encounter Bayes’s Theorem. What they encoun-
ter are events. These events may be summed up in descrip-
tive statistics or reflected in formulae but what people usually
experience are events. A similar argument is made by
Gigerenzer and Hoffrage (1995), who noted that “organisms
did not acquire information in terms of probabilities and per-
centages until recently” (p. 686). They argue that the infor-
mation representation (percentages and probabilities) may not
aligh with people’s internal representations. Gigerenzer and
Hoffrage proposed that a more natural format would increase
people’s Bayesian responses and provided participants with a
series of word problems using summary statistics in absolute
frequency terms, “...assum[ing] that as humans evolved, the
‘natural’ format was frequencies as actually experienced in a
series of events, rather than probabilities or percentages” (p.
686). Using the same world problems and changing only the
numerical representation, they demonstrated that participant
Bayesian responses increased significantly when a frequency,
rather than a percentage, representation was used.

A literature has emerged on base rate neglect under direct
experience, which extends the representation argument
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introduced by Gigerenzer and Hoffrage. Where frequency
formats seek to summarize experience, direct experience pro-
vides it. The results of base rate studies using direct expe-
rience have mostly reflected underweighting of base rates
in comparison with normative models. Edgell et al. (1996),
Estes et al. (1989), Gluck and Bower {1988), Kruschke (1996),
Nosofsky et al. (1992); and Shanks (1990) have all reported
base rate neglect under direct experience, under at least
some conditions. These studies all provided information by
means of direct experience and then elicited verbal probabil-
ity estimates. Goodie and Fantino (1995, 1996, 199%9a) and
Lovett and Schunn (1999) have also provided participants
with direct experience, and then measured differential sensitiv-
ity to base rates and individuating information in predicting
future events, and observed greater sensitivity to the individ-
uating information than to base rates. This effect depends on
a pre-existing relationship between the cue (the individuating
information) and the outcome (Goodie and Fantino, 1996),
but is robust to monetary incentives for correct predictions
(Goodie and Fantino, 1995), super-extended training of 1600
trials (Goodie and Fantino, 1999b) and symbolic pre-existing
relationship (Goodie and Fantino, 1996, Experiment 3).
Goodie and Fantino (1999b, p. 327) posed the question:
“.,.when base rates change relatively often and cue accu-
racy refatively seldom isn’t it just as well to underweight base
rates, since they'’re hiable to change at any moment? Todd and
Goodie (2002) tested this claim in a Monte Carlo simula-
tion, and found that an “irrational” strategy like base rate
neglect could rival Bayesian integration in performance given
the right environment. Todd and Goodie created a variety
of different environments where base rates and cue accura-
cies were manipulated and created numerous simulated agents
that used a variety of decision making strategies. In simulated
environments where base rates changed more often than cue
accuracies, simulated participants who neglected base rates
correctly predicted the outcome 72% of the time while sim-
ulated participants who used Bayesian integration correctly
predicted the outcome 74% of the time. Despite the lack of
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coherence in the strategy of base rate neglect, responses still
provided empirical accuracy, or correspondence, within a cer-
tain environment. These views suggest it can be reasonable to
neglect base rates in some environments.

Consider the possible rationale for neglecting base rates in
the following example adapted from Nisbett and Ross (1980).
Imagine a hypothetical choice between buying a Volvo or a
Saab, assuming Volvos have a better long-term repair record.
Now imagine you hear from a friend who drives a Volvo that
their car just died on the highway-now which brand would
you be likely to pick? Here, it is usually argued that a single
new piece of information should not overwhelm the evidence
of cumulative repair records (base rates) ~ but in similar sorts
of experimental tasks it often does. There are many manip-
ulations that mitigate this effect (Koehler, 1996), often to a
remarkable degree (Gigerenzer, 1991), but it has proven diffi-
cult to eliminate entirely. Nisbett and Ross argued that most
people generally put too much weight on the individual case
of the neighbor’s experience, and not enough on Volvo’s supe-
rior base rate of reliability. However, it is not clear that peo-
ple should always use the base rate as Nisbett and Ross’s
Volvo-Saab example suggests. It is possible that while Volvo
may have a superior fong-term reliability record, they may be
having production problems. They may have opened a new
plant with an unusually high defect rate or they may be under
new management and stream-lining their production facili-
ties. There are many potential reasons why their short-term
reliability record may be substantially lower than their long-
term base rate for reliability. The neighbor’s bad experience
with the Volvo can be viewed as a cue that the reliability of
Volvo is not what it once was. In short, the base rate may be
changing.

Consider how one ought to use base rates in the following
problem introduced by Gigerenzer (1991), which has the same
formal structure as the Volvo problem:

You live in a jungle. Today you must choose between two alternatives:
to let your child swim in the river, or to let it climb frees instead. You
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use only one criterion for that choice, your chiid’s life expectancy. You
have information that in the last 100years there was only one accident
in the river, in which a child was eaten by a crocedile, whereas a dozen
children have been killed by falling from trees. Just vesterday vour neigh-
bor told you that her child was eaten by a crocodile. Where do you send
your child? (p. 106)

Gigerenzer argued that most people would put considerable
weight on the new information from the neighbor, just as they
put weight on the friend’s report of a bad Volvo, and that
they would arguably be right to do so. “...the parents may
assume that the river world has changed, and that the impor-
tant event (being eaten or not) can no longer be considered
as an independent random drawing from the same reference
class. Updating ‘old” base rates may be fatal for the child”
(p.107). The world has likely changed, and with it the relevant
base rates, and so narrow Bayesian updating is not a convinc-
ingly normative way to address the problem. In making this
case Gigerenzer followed in the tradition of Brunswik (1956,
1957), who argued that researchers should not assume partic-
ipants treat stimuli as perfectly consistent information sources,

Viewing past base rates and individuating information as
imperfect indicators of future events leads to the question
of whether people are differentially sensitive 1o base rates
and individuating information when the consistency of these
imperfect indicators is manipulated. Based on the argument
above, it is reasonable to assume that base rates change and
that humans should be sensitive to such changes. We should
expect people to use base rates and individuating information
more when history has shown them io be consistent indicators
than when history has shown them to be inconsistent indica-
tors. The present experiments sought to test the role of base
rate consistency more directly, testing whether participants use
base rates more when experienced base rates have been con-
sistent than when they have been inconsistent. No studies to
date have examined base rate usage as a function of experi-
enced base rate consistency. The present experiments mark a
beginning of this effort.
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1. EXPERIMENT 1

Experiment 1 addressed the issue of information use as a
function of information consistency. Two environments were
created and both environments contained a cue and base rate
information in the form of how often a particular outcome
was correct, In one environment the cue was a consistent
predictor of the outcome but the base rate of the outcome
was inconsistent. In the second environment the cue was an
inconsistent predictor of the outcome but the base rate of
the outcome was consisient. It was hypothesized that peo-
ple would use consistent information more than inconsistent
information. This usage pattern should result in greater use of
the cue in the first environment described above and greater
use of base rates in the second environment described above.
In the present context, there was no long-term performance
advantage for choosing one strategy over the other. While reli-
ance on the inconsistent information source would provide for
more short-term variations in performance, these variations in
the inconsistent source average to make it equal to that of the
consistent source over the course of the experiment. Conse-
quenily, even though the information sources varied in their
consistency, they were equal in diagnosticity over the long
run. This design allowed for a comparison of cue and base
rate usage as a function of their relative consistency.

1.1. Method
1.1.1. Participants

Forty-four undergraduates participated for partial course
credit. Upon arrival participants were randomly assigned to the
consistent base ratefinconsistent cue accuracy or the inconsis-
tent base rate/consistent cue accuracy condition. Cue accuracy
served as the individuating information and is analogous to the
witness testimony in the cab problem. Cue accuracy is opera-
tionally defined below. Twenty-two people participated in each
condition. The mean age was 19.4 (s =1.44), nine were male, 31
were female, and four participants did not indicate their gender.
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1.1.2. Materials

The surface characteristics of the stimuli were identical for
both groups while the base rates and cue accuracies varied.
Base rate was defined as the proportional reinforcement for
a particular response. That is, predicting green outcomes was
reinforced 70% of the time. Cue accuracy was defined as the
probability of a correct cue given the outcome, or p(cio). The
first 20 trials had a base rate of 70% green and a cue accu-
racy of 70%. After the first 20 trials either the base rate or
cue accuracy (varied between participants) changed every 20
trials. Figure la and b lists the base rates and cue accuracies
in effect in each phase, and reflect that for one group (Fig-
ure la) the base rate was always 70% while cue accuracy fluc-
tuated while maintaining an average value of 70%. For the
other group (Figure lb), cue accuracy was always 70% and the
base rate fluctuated but maintained an average value of 70%.
Participants performed 200 learning trials with either the cue
accuracy or the base rate fluctuating every 20 {rials. They then
performed 100 test trials in which the cue accuracy and base
rate were again 70%. All analyses were conducted on perfor-
mance data in the last 100 trials. Participants were unaware of
which trials were learning trials and which were test trials.
The structure of the task is depicted in Figure 2, which
reflects contingencies in effect when both the cue accuracy
and the base rate of green outcomes are 70%. After an
inter-trial interval the green cue was presented 58% of the
time with the blue cue presented the other 42% of the time.
When the green cue was presented, green predictions were
reinforced 84% of the time with blue decisions being rein-
forced 16% of the time. However, when the blue cue was
presented, green and blue decisions were reinforced equally
(50%). The crucial comparison, and hence dependent measure,
is choice proportions following a blue cue. Here, if participants’
strategies emphasized base rates they would predominantly

-
-

Figure 1. (a) Base rates and cue accuracies experienced by the consistent base
rate groups in Experiments 1 and 2. (b) Base rates and cue accuracies experi-
enced by the inconsistent base rate groups in Experiments 1 and 2,
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Figure 2. Incidence table representing contingencies when base rate and cue
accuracy both equal 0.7 for Experiments 1 and 2. The “cue” is what was origi-
nally presented to the participant. They made their response and then the “oul-
come”, or correct answer, was presented. ITT=inter trial interval, G = green.
B = blue.

choose green since green responses are reinforced 70% of the
time overall. If their strategies emphasized cue-matching they
would predominantly choose blue since cue-matching is rein-
forced 70% of the time overall. If participant choices are con-
ditional on the presence of the blue cue, it is possible that
they will choose blue 50% of the time.

1.1.3. Procedure

Participants were told that they would be presented with
gither a green or blue square as a cue (the individuating infor-
mation) and that they were to guess if the correct answer was
a green or blue square. They were told that they would receive
one point for each correct answer and it was their goal to
amass as many points as possible.

On each trial, a green or blue square appeared at the top
of the screen as a cue. Below were green and blue squares,
and participants chose one of these as their response. Imme-
diately following their choice they were given outcome feed-
back that said either; “Correct. You now have...points” or
“Sorry, that is incorrect. You still have__points”. Participants
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were asked if they understood the task and the feedback after
the first 10 trials. If they did not, clarifications were made
until they affirmed that the task and feedback were clear. A
debriefing period followed the experiment.

1.2. Results and Discussion

Participants who experienced consistent base rates and incon-
sistent cue accuracies in the first 200 trials chose the base rate
response (green) 56.0% (SEM = 5.7) of the time they were pre-
sented with a blue cue in last 100 trials. Participants who expe-
rienced consistent cue accuracies and inconsistent base rates
chose the base rate response (green) only 36.7% (SEM =4.7) of
the time they were presented with a blue cue in the last 100 tri-
als. This difference was statistically significant (1(42)=2.63, p <
0.05). Previous research in this area (e.g., Goodie and Fantino,
1995) has shown a strong bias to match the cue, and this bias
likely accounts for the lack of a symmetric difference favoring
the consistent information between the two groups.

These results support the hypothesis that experienced infor-
mation consistency influences the likelihood that participants
will utilize that information source. In short, participants used
base rate information more when it was consistent than when
it was inconsistent. This finding highlights an ambiguity in the
base rate literature. Base rates are typically defined as sum-
mary statistics of past events and treated as though subjects
should use base rates as perfect indicators of future events.
Typically only the base rate and individuating information
means are provided. Experiment 1 shows that two environ-
ments with equal long-term base rate means can result in
different choice patterns because decision makers are sensi-
tive to the variability of base rates and cue accuracies, The
variability of a cue is a relevant statistical characteristic of
the environment and is clearly important if performance on
a given task needs to be relatively stable. Fluctuations in the
base rates may also indicate the beginning of a new base
rate trend such as more crocodiles in the river this year or
a drop in the reliability of Volvos. This finding highlights the
importance of considering the base rate reference class when
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evaluating base rate usage under direct experience. Evaluat-
ing this problem with a simple Bayesian model that coliapsed
across past trials would fail to capture the environmental tex-
ture. Despite equal long-term base rates and cue accuracies,
differential short-term values had a significant effect on par-
ticipant choice behavior as predicted.

2. EXPERIMENT 2

Experiment 1 demonstrated that the consistency of base rates
and cue accuracy, which were shown to be normatively rele-
vant to behavioral decisions by Todd and Goodie (2002), do
make a difference in how such decisions are made. However,
the literature of base rate neglect has most often been con-
cerned not with choice proportions, but with people’s verbal
answers to questions of summary statistics. It is not clear that
experienced consistency of base rates would affect the ver-
bal judgments that are most typical of the literature. Others
have argued that “the abstract nature of the base-rate sum-
mary statistics may not be salient enough for the subjects to
use” (Chrsitensen-Szalanski and Beach, 1982, p. 271; but see
Nisbett and Borgida, 1975) and that direct experience with
base rates is one way to make them more salient. For the
above stated reasons, it is theoretically important to under-
stand how direct experience with base rates and cues transfers
to the types of word problems traditionally used in the base
rate literature.

Christensen-Szalanski and Beach (1982) gave participants
experience with base rates of pneumonia and the accuracy
of test for pneumonia by having participants observe a series
of slides. Fach slide represented a single case and indicated
that the person did or did not have pneumonia and the out-
come of the test. The experienced base rate of pneumonia
and cue accuracy was found to influence answers to the ques-
tion “What is the probability that a person with a posi-
tive test result actually has pneumonia?” Participants’ answers
to this question were not significantly different from the
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Bayesian criterion. However, the same participants had com-
pleted a typical base rate word problem prior to the trial-by-
trial experience. The word problem and the experience had vir-
tually identical probabilities but responses to the pre-experience
word probléem showed marked base rate neglect. Furthermore,
even though participants responded with estimates consistent
with a Bayesian criterion for the experienced events, they were
unable to transfer this experience to novel base rate word prob-
lems. Christensen-Szalanski and Beach argued that it was pos-
sible for participants to respond in a Bayesian manner to the
question about their direct experience because they were able
to rely on experience. However, their lack of ability to transfer
this experience to a novel word problem with different numeri-
cal values indicates they did not learn Bayes’s rule.

The purpose of Experiment 2 was twofold. First, we sought
to ‘replicate the findings of Experiment 1 using a medical
cover story. If we failed to replicate Experiment 1 because of
a relatively superficial change in' the framing of the task, then
our conclusions from Experiment 1 would be undermined. On
the other hand, successful transfer of the effect from a purely
abstract task to one with a concrete context would represent
an important step in extending it to the rest of the base rate
literature. The second purpose of Experiment 2 was to help
explicate the relationship between the experienced base rate
environment used in Bxperiment 1 and the more traditional
mode of base rate research, word problems. Hence, we tested
whether experienced counsistency of base rates and cue accu-
racies would influence responses to novel word problems tra-
ditionally used in base rate research. We imposed a medical
cover story on stimuli that were otherwise identical to those
in Experiment 1, measuring the same choice proportions as
in Experiment 1, and then eliciting verbal answers to verbal
questions on the basis of novel medical conditions.

As in Experiment 1, there were two groups that differed
in which information source (base rates or cue accuracy) was
consistent. Average values were 70% for both sources, for
both groups, and the inconsistent parameter was manipulated
according to the same schedule as was used in Experiment 1.
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2.1. Method
2.1,1. Participants

Eighty-three new undergraduates participated for course credit.
Upon arrival participants were randorly assigned to the con-
ditions of variable base rate (n=42) and variable cue accuracy
(n=41). None of the participants had participated in Experi-
ment 1.

2.1.2. Materials

Although the stimuli in this experiment consisted primarily of
cues, choice options and outcomes that were green and blue
rectangles, identical to those used in Experiment 1, the follow-
ing cover story was presented beforehand:

In this experiment, please imagine you're a doctor who specializes in a
disease called Hyporia. There are two types of Hyporia, Blue Hyporia
and Green Hyporia. Your task is to diagnose which form of Hyperia
each patient has who comes to your office. There is a test that distin-
guishes Blue Hyporia from Green Hyporia. All of your patients have
taken the test, and you’ll know the results. However, like all medical
tests, this one isnt perfect. So part of your task is to figure out how
much credence to give to the test when making your diagnosis of each
patient. Yow’ll receive one point for each correct diagnosis.

The cue was presented with a label that said “Test”. The
choice options, rather than being labeled “Your choice”, were
labeled “Your diagnosis”. The outcome was labeled “Correct”
as it was in Experiment 1.

The learning phases were statistically identical to those
used in Experiment 1, respectively, for the two groups (see
Figure la, b). Afterwards, the following instructions were
given:

On the basis of all your experience, you are now recognized as a leading
authority on the diagnosis of Hyporia. Congzatulations on your achieve-
ment. With recognition, however, comes additional responsibility. You are
now in demand as a consultant to public health authorities in cities
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where no doctor has your wealth of experience in this domain. You wiil
be asked questions concerning Blue and Green Hyporia in four cities.
Please answer them to the best of your ability, and then your participa-
tion in this experiment wili be complete. Different cities may have differ-
ent rates of the diseases, and not all cities have access to the same tests.
So remember to pay close attention to the information that is provided
about each city.

In City A, you are given the following information. Among people
who have Hyporia, 80% have Blue and 20% have Green. The test that
has been developed in City A correctly identifies both Blue and Green
Hyporia 80% of the time, but makes errors 20% of the time.

Among people whose tests indicate they have Blue Hyporia:
How many actually have Blue Hyporia?
How many have Green Hyporia?

The fictitious disease Hyporia was adopted from McKenzie
(1998). For each question, participants chose among options
that included all multiples of 5% between 5% and 95%, plus
1% and 99%. The same four questions were repeated for Cit-
ies B, C and D. In City B, the base rate was 80% Blue and the
test accuracy 60%. In City C, base rate was 60% Blue and test
accuracy 80%. And in City D, the base rate and test accuracy
were both 60%. In each city and for each test result, probabil-
ities were recorded in log-odds form, partly to handle possible
non-additivity.

2.2, Results and Discussion

Participanis who experienced consistent base rates in the first
200 trials chose the base rate response (green) 47% of the
last 100 trials (SEM = 4.6), while participants who experienced
consistent cue accuracies (and inconsistent base rates) in the
first 200 trials chose the base rate response (green) only 27%
of the last 100 trials (SEM =3.9), following a blue cue. This
difference was statistically significant in the predicted direction
(t(81) = 3.29, p < 0.05). Thus the primary effect observed in
Experiment 1 was replicated. Also, these values are relatively
stable from the beginning to the end of the last 100 trials. The
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Figure 3. Proportion of choices that matched Blue cues in the test phase of
Experiment 2, groups in 20-trial blocks. Ine BR =inconsistent base rates {with
consistent cue accuracies). Inc CA =inconsistent cue accuracy {with consisient
base rates).

proportions are displayed in Figure 3 for both groups in each
20-trial block of the last 100 trials. The difference between
groups is evident and large in all blocks, and the effect is evi-
dent from the outset. The effect may be decreasing in mag-
nitude across blocks, as the experience of the two groups,
especially recent experience, becomes more similar. The inter-
action term is marginally statistically significant (F(4,320)=
2.05, p=0.09). Participants experiencing a variable cue accu-
racy made more total correct predictions (202.1 out of 300,
on average, SEM = 1.99) than those experiencing variable base
rates (198.6, SEM=2.16). This difference was statistically
significant (£(81) =2.15; p <0.05), although the practical sig-
nificance of a 1.2% point difference in performance may be
considered small.

Base rate responses averaged 27% when base rates were
inconsistent in Experiment 2 but averaged 37% when base
rates were inconsistent in Experiment 1. Likewise, base rate
responses averaged 47% when base rates were consistent in
Experiment 2 but averaged 56% when base rates were con-
sistent in Experiment 2. Why are base rate responses about
10% lower across conditions in Experiment 2 than Experi-
ment 1?7 We believe that the change in the decision frame
likely accounts for this difference. In Experiment I, partici-
pants were simply told that they would receive a cue and they
had to guess the correct answer. In Experiment 2, participants
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were told that they would receive the results of a test that dis-
criminated between two diseases and they had to make a diag-
nosis, Since the dependent measure is the proportion of green
responses after a blue cue, it is reasonable that participants
were more likely to diagnose someone as having “Blue Hypo-
ria” when the test results say blue than they are to choose a
blue response because a cue says blue. Although the difference
in framing is subtle, it is likely that the cover story in Experi-
ment 2 made the connection between the cue, or test result in
this case, and outcome more salient.

The main question of interest in this experiment is whether
group differences exist in responses to the verbal questions
about novel cities. These questions were asked in complemen-

_tary pairs, but these pairs did not produce uniform additivity.

Only 54.0% of pairs summed to 100%; 28.0% were subaddi-
tive, and 17.9% were superadditive.

2.2.1. Defining sensitivity

To assess sensitivity to base rates and cue accuracy, difference
scores between log-odds transformations of probability assess-
ments were taken. Greater difference scores thus reflect greater
sensitivity to base rates. This was done separately for cities
with high and low cue accuracies, and these two difference
scores were added together to obtain a global score of sen-
sitivity to base rates. A parallel procedure was used to assess
sensitivity to cue accuracy. In this case, difference scores were
taken between cities of different cue accuracy, separately for
each of the two base rates, and then these difference scores
were summed to yield a global score of sensitivity to cue
accuracy. The normative outcome would be equal sensitivity
to both sources of information, regardless of the consistency
of those sources.

When questioned about the implications of a blue test
result, participants who experienced consistent base rates were
more sensitive to variations in base rates, and those who expe-
rienced consistent cue accuracy were more sensitive to varia-
tions in cue accuracy. Participants who experienced consistent
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Figure 4. Sensitivity measure for word problem by experienced base rates and
cue accuracies for Experiment 2. Larger values indicate greater sensitivity.

base rates and inconsistent cue accuracies had an average base
rate sensitivity score that was 0.36 greater than their cue accu-
racy sensitivity score. Participants who experienced inconsis-
tent base rates and consistent cue accuracies had an average
base rate sensitivity score that was 0.58 less than their cue
accuracy sensitivity score. This difference is visible in Fig-
ure 4 and is statistically significant (z(81) =2.40; p < 0.05).
The inferential test of difference scores was equivalent to test-
ing the significance of the crossover effect that is evident in
Figure 4.

Although experienced consistency of base rates and cue
accuracies did influence responses to word problems with
summary statistics, the responses in all conditions still dem-
onstrated a lack of correspondence to the Bayesian criteria,
and hence a lack of coherence. Table I lists the cell means
for all combinations of cities and questions by group (con-
sistent base rates-inconsistent cue accuracies versus consis-
tent cue accuracies-inconsistent base rates). The top third of
Table T lists the base rates and cue accuracies for each city.
The middle and bottom third lists the Bayesian answer, mean
responses along with the standard error of the mean for the
two conditions and for each question. We added up the abso-
lute difference between each participant’s answer to each of
these eight questions and the “correct” Bayesian answer. The
smallest summed error was 57 percentage points, an average
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TABLE I
Response to word problems by condition in Experiment 2

City: A B C D
Base rate blue: 80% 80% 60% 60%
Cue accuracy: 80%  60% R0% 60%
Among people Bayesian Response 0.94 092 086 0.69
whose test indicate
they have Ble
Hyporia: How may
actually have Blue
Hyporia?
IBR response 0.65 054 0.60 050
0.02) (0.03) (0.03y (0.02)
ICA response 066 059 058 054
(0.03) (0.03) (0.03) (0.03)
Among people Bayesian Response 0.06 008 014 0.31
whose tfest indicate
they have Blue
Hyporia: How may
actually have Green,
Hyporia?
IBR response 033 040 035 044
(0.03) €0.03) (0.03) (0.03)
ICA response 029 031 033 038

(0.03) (0.03) (0.03) (0.03)

IBR Response = average response in inconsistent base rate/consistent cue
accuracy condition.

ICA Response = average response in inconsislent cue accuracy/consistent
base rate condition.

Cells indicate mean response with standard error of the mean in paren-
theses.

of 7.1 percentage points error per question. Only two partic-
ipants out of 83 averaged less than 10 percentage points of
error per question, having summed error less than 80. The
median summed error was 174 percentage points (21.8 points



This document prepared for the sole and exclusive use of Philip Dunwoody. Any unauthorized reproduction is strictly prohibited.

326 PHILIP T. DUNWOODY ET AL,

error per question). Thirty-three out of 83 total participants
(39.8%) gave answers to these eight questions whose errors
summed to more than 200 percentage points. There was no
significant difference between the consistent and inconsistent
base rate groups on their accuracy, 1(81)=1.19, p=0.24.

In BExperiment 2, the effect of base rate consistency on
choice proportions, observed in Experiment 1, was replicated.
In addition, participants who had experienced consistent base
rates were subsequently more sensitive to base rate informa-
tion on verbal questions about novel environments. Despite
this increased sensitivity, responses were still far from norma-
tive when compared with the Bayesian criteria. It has been
argued that base rate neglect may be due to a lack of saliency
of base rate information (Nisbett and Borgida,1975). The
increased sensitivity to base rates presented in word problems
demonstrates that experienced information consistency affects
saliency in subsequent word problems. Despite the increase in
information saliency, participants still failed to use the infor-
mation in a normative way.

The results of Experiment 2 are consistent with those of
Christensen-Szalanski and Beach (1982). Even though expe-
rience with base rates and cue accuracies may increase the
saliency of such information, participants still fail to use
this information in a normative manner when presented with
novel base rate word problems. Christensen-Szalanski and
Beach’s comment that “subjects seldom have any real grasp
of what the numbers mean” (p. 271) has considerable appeal.
Our results, like those of Christensen-Szalanski and Beach,
seem to indicate that base rate word problems “may be test-
ing subjects’ knowledge of a statistical rule or their abil-
ity to understand what are, after all, very complexly worded
problems, rather than their ability to logicaily use probabi-
listic information”. (Christensen-Szalanski and Beach, 1982,
p. 277). This conclusion is consistent with Gigerenzer and
Hoffrage’s (1995) argument that people may fail to act in a
Bayesian manner simply because they do not understand for-
mal probabilities. Even though participants in Experiment 2
failed to give normative Bayesian responses to word problems,
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their responses on the word problems were influenced more by
the previously experienced consistent information source than
the inconsistent information source. Also, their choice propor-
tions were clearly influenced by the consistency of the infor-
mation, thereby replicated the finding of Experiment 1.

3. EXPERIMENT 3

We have thus far argued that base rate neglect may be
adaptive in some environments, and Experiments 1 and 2
demonstrate that under conditions of direct experience partic-
ipants neglect base rates or use base rates when it is arguably
adaptive to do so. However, recall that the structure of Exper-
iments 1 and 2 was such that, while an inconsistent informa-
tion source provided for erratic short-term performance, there
was no long-term performance gain by using the consistent or
inconsistent information source. Figure la and b shows that
the inconsistent and consistent information sources resulted in
70% reinforcement over the course of the entire experiment.
What if participants were placed in an environment where the
two information sources were not equally reinforced over the
length of the entire experiment? Specifically, when a consis-
tent information source is reinforced less over the length of
the entire experiment than an inconsistent information source
(depicted in Figure 5a and b), which will people utilize? Uti-
lizing the consistent indicator would offer stable reinforce-
ment during the entire experiment but use of the inconsistent
indicator would offer inconsistent but higher reinforcement
throughout the length of the experiment. Experiment 3 was
designed with the main goal of testing whether the effect of
information consistency on choice proportions demonstrated
in Experiments 1 and 2 was robust to simultaneous manipu-
lation of long-term reinforcement (diagnosticity).

As in Experiments 1 and 2, information consistency was
manipulated, and the two consistency levels were also crossed
with two diagnosticity levels to create four conditions. This
2-by-2 design is represented in Figure 6. Consistency was
defined as it was in Experiments 1 and 2, with each parameter
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Base-Rate Consistency

Consistent Inconsistent
(a) (b) Either:
B 1} Adaptio higher
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Figwre 6. Two (base rate consistency)-by-two (base rate diagnosticity) design for
Fixperiment 3. Conditions are specified by base rate manipulations. Cue accura-
cies are always orthogonally manipulated within each condition {e.g., high diag-
nostic base rate conditions have low diagnostic cue accuracies and oconsistent
base rate conditions have inconsistent cue aceuracies), Mean proportion of base
rate responses after a blue cue are listed for cach cell with SEM in parentheses,

remaining consistent or varying every 20 trials. High diag-
nosticity, for both base rates and cue accuracy, was defined
as a 70% reinforcement rate over the course of the entire
experiment (300 trials), and low diagnosticity was defined as
a 60% reinforcement rate over the course of the entire experi-
ment. As in Experiments 1 and 2, consistent and inconsistent
indicators were always inversely related within each condition
such that when base rates were consistent, cue accuracies were
inconsistent. Likewise, base rate and cue diagnosticity were
always inversely related within each condition such that when
vase rates were of high diagnosticity (70%), cue accuracies
were of low diagnosticity (60%).

We compared participants’ base rate choice proportions after
a blue cue for cells A and D of Figure 6, to see if the observed

Y

-

Figrre 5. (a) Base rates and cue accuracies experienced by participants in cell
B of Figure 6 in Experiment 3. (b) Base rates and cue accuracies experienced
by participants in cell C of Figure 6 in Experiment 3.
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difference would be greater than that found in Experiments
1 and 2. Because this comparison was presumably augmented
by the coupling of consistency with high diagnosticity, it was
expected that the observed difference in base rate choice pro-
portions between conditions A and D of Figure 6 would be
greater than that found in Experimentsl and 2.

The more informative planned contrast compared the pro-
portion of participants’ base rate choices (green) after a blue
cue for cells C and B of Figure 6. This comparison was
designed to evaluate how choice judgments are affected when
information consistency and diagnosticity are pitted against
each other. Figure 5b represents cell C of Figure 6 where the
base rate is of lower diagnosticity than the cue accuracy but
the base rate is consistent, Participants may favor either the
consistent information (the base rate) as they did in Exper-
iment 1 or the inconsistent information which is higher in
diagnosticity (the cue accuracy). Figure 5a represents cell B of
Figure 6 where the base rate is of higher diagnosticity than
the cue accuracy but the base rate fluctuates. Again, partici-
pants may favor either the consistent information (in this case
the cue accuracy) as they did in Experiment 1 or the informa-
tion higher in diagnosticity (in this case the base rate).

There are five possible outcomes that may be observed when
participants’ proportions of base rate choices are compared
between cells C and B of Figure 6. First, participants in cells
C and B could adapt to the consistent information despite the
diagnosticity (Outcome 1). Participants may be satisfied with
their level of performance using the consistent information or
may simply fail to notice a diagnosticity difference of 10 per-
centage points. This would lead to greater base rate choice pro-
portions in cell B than C. Second, participants in cells C and B
could adapt to the information highest in diagnosticity despite
the consistency (Outcome 2). Such a finding would mean that
participants were sensitive to a diagnosticity difference of only
10% (60% versus 70%) and that this 10% difference is sufficient
1o override the already demonstrated effect of consistency. This
would lead to greater base rate choice proportions in cell C than
B. Third, participants could neglect the base rates and simply
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match the cue (Qutcome 3), leading cells B and C to have equal
choice proportions, both greater than 0.5. Fourth, participants
could neglect the cue and use the base rates (Outcome 4), lead-
ing cells B and C to have equal choice proportions, both less
than 0.5. The fifth possible outcome is the null hypothesis, lead-
ing cells B and C both to have choice proportions equal to
0.5. In order to test among these possibilities, a contrast was
planned between base rate choice proportions in cells B and
C. In the event they were not significantly different from each
other, their pooled means were planned to be compared to 0.5.

3.1. Method
3.1.1. Participants

One-hundred undergraduates participated for course credit.
Upon arrival participants were randomly assigned to the
four conditions resulting in 25 participants per cell. The
mean age was 19.9 (s=3.33), 25 were male, 73 were female,
and two participants failed to indicate their gender on the
questionnaire. None of the participants had participated in
Experiments 1 or 2.

3.1.2. Materials

The surface characteristics of the stimuli were identical to
those in Experiment 1. The depth characteristics of the stim-
uli include the consistency manipulation in Experiment 1
with the addition of a diagnosticity manipulation. Partici-
pants in high base rate diagnosticity conditions experienced
70% base rate reinforcement over the entire experiment with a
cue accuracy reinforcement of 60%. Participants in low base
rate diagnosticity conditions experienced 60% reinforcement
over the entire experiment with a cue accuracy reinforcement
of 70%. The four conditions, two levels of consistency and
diagnosticity, are represented in Figure 6. Part way through
Experiment 3 a post-experimental questionnaire was added to
assess the accuracy of participants’ self-report strategies and
awareness of base rates and cue accuracies Participants were
asked the following questions;
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Question 1 (forced choice):
Would you describe your decision making strategy as primarily...

{a) choosing the same color as the cue color
{b) choosing the opposite color of the cue color
{¢) primarily choosing one color regardiess of the cue color

Question 2 (forced choice):

If you chose answer ‘¢’ above, what color did you primarily choose?
Questions 3 and 4 (fill in the blank):

Choosing a color that matched the cue was correct % of the time.
Regardless of the cue color, green was the correct answer % of the time.

3.2, Results and Discussion
3.2.1. Choice proportions

Participants who experienced base rates that were high in
diagnosticity and consistent (cell A of Figure 6) in the first
200 trials chose the base rate response (green) 58.0%
(SEM =4.7) of the time they were presented with a blue
cue in the last 100 trials. Conversely, participants who expe-
rienced base rates that were low in diagnosticity and incon-
sistent (cell D in Figure 6) in the first 200 trials chose the
base rate response (green) 30.8% (SEM =3.8) of the time they
were presented with a blue cue in the last 100 trials. This
difference was statistically significant (F(1,96) =214, p <
0.05). This planned contrast is consistent with the findings
of Experiments 1 and 2. The mean difference for the consis-
tency comparison in Experiments 1 and 2 is 19% and 20%,
respectively, while the mean difference for the consistency/
diagnosticity comparison in Experiment 3 is 27%. The larger
mean difference in Experiment 3 suggests that the diagnostic-
ity manipulation had an effect in addition to the consistency
manipulation. The following contrast explicitly addresses the
effect of diagnosticity compared to consistency. The greater
reliance on the consistent and high diagnostic information
would necessarily result in an increase in performance.

The results of the second planed contrast of Experiment 3
provide a clear indication whether wmore consistent
information trumps more diagnostic information. Participants
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overwhelmingly utilized the information that was highest in
diagnosticity whether or not that information was consistent
Of the 50 participants that were in cells C and B, 43 (86%)
had a choice proportion favoring the information highest in
diagnosticity, 5 (10%) had a choice proportion favoring con-
sistent information, and 2 (4%) had choice proportions that
showed no strong preference (between 0.45 and 0.55). This
is a large difference favoring information that is most useful,
particularly when one considers that the diagnosticity differ-
ence was only 10 percentage points (60% versus 70%).

Participants who experienced base rates that were high in
diagnosticity and inconsistent (Figure 5a and cell B of Fig-
ure 0) in the first 200 trials chose the base rate response
(green) 69.3% (SEM =4.5) of the time they were presented
with a blue cue in the last 100 trials. Choices favoring the
base rate in this condition were significantly different than a
chance level of 50%, (1(24)=4.32, p <0.05). Conversely, par-
ticipants who experienced base rates that were low in diag-
nosticity and consistent (Figure' 5b and cell C in Figure 6) in
the first 200 trials chose the base rate response (green) 25.6%
(SEM = 3.7) of the last 100 trials. Choices favoring the base
rate in this condition were significantly different than a chance
level of 50%, (¢t(24) =6.58, p <0.05). The difference in base
rate responses between groups (69.3% versus. 25.6%) was also
statistically significant F(1,96)=64.94, p <0.05).

While Experiments 1 and 2 demonstrated that base rate
and cue usage is moderated by consistency, Experiment 3
demonstrates that use of the consistent indicator is itself mod-
erated by the diagnosticity of the indicator. If diagnosticity
is held constant, participants use the more consistent indi-
cator which results in more stable performance throughout
the duration of the task (seen in Experiments 1 and 2). If
diagnosticity is manipulated, participants use the more diag-
nostic indicator (the one that gives them the best long term
performance advantage) even when it is inconsistent between
trial blocks and hence yields more erratic performance throug-
hout the task {as seen in Experiment 3). This differential use
of indicators based on their statistical characteristics argues
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for a fairly sophisticated sensitivity to the statistical character-
istics of experienced base rate and cue accuracy information.
Although participants do not necessarily use the information
optimally, their strategies are clearly adaptive within the cur-
rent simulated environments.

3.2.2. Questionngire

Thirty-nine of the 100 participants in Experiment 3 completed
the questionnaire. Each question is listed with a table indicat-
ing the group descriptives (Tables II-IV).

Question 1 (forced choice): Would you describe your deci-
sion making strategy as primarily: (a) choosing the same color

TABLE 11
Answers to question | in experiment 3

High diag- Low diag- High diag- Low diag-
nosticity nosticity  gnosticity  nosticity
and con- and con- and con- and con-
sistent base sistent base sistent base sistent base
rates (cell A, rates (cell rates (cell rates {cell
Figure 6) D} B) )

(a) Choosing 36%n=4)  36%(4) 29%(2) S0%(5)
the same color

as the cue color

(b} Choosing the 9%(1) 090} 0%(0}) 0%(0)

opposite color of

the cue color

{c) Primarily 55%(6) 64%{ Ty 71%(5) 50%(S)
choosing

one color

regardless of the

cue color

Cells indicate percentage and number of participants in each group that
chose each answer,
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TABLE I
Answers to question 2 in Experiment 3

High diag- Low diag-  High diag- Low diag-
nosticity and nosticity and nosticity and nosticity and
consistent inconsistent  inconsistent  consistent
base rates base rates base rates base rates
(Group A} {Group D)  (Group B)  {Group C)

Green 83%(n="5)  B6%(6) 100%(5) 80%4(4)
Blue 17%(1) 14%(1) 0%(0) 20%(1)

Cells indicate percentage and number of participants in each group that
chose each answer.

as the cue color, (b) choosing the opposite color of the cue
color, (c) primarily choosing one color regardless of the cue
color. Thirty-eight percent of the participants chose (a), 3%
chose (b), and 59% chose (c). See Table II for the cell means
for each response by condition. More than half of the par-
ticipants reported that their decision making strategy was pri-
marily one of base rate usage (answer c).

Question 2 (forced choice). “If you chose answer ‘¢’ above,
what color did you primarily choose?” Of the participants
who reported a primarily base rate decision strategy, the vast
majority, 87%, reported choosing green. See Table III for the
cell means for each response by condition.

Question 3 (fill in the blank): “Choosing a color that
matched the cue was correct % of the time.” Participanis
who experienced a cue accuracy of 60% (low diagnosticity)
estimated that choosing a color that matched the cue was
correct 58.89% (SEM =4.05) of the time while participants
who experienced a cue accuracy of 70% (high diagnosticity)
estimated that choosing a color that matched the cue was
correct 64.52% (SEM =3.98) of the time. Even though the
estimates for cue matching differed in the direction consistent
with the environment, the estimates were not significantly
different from each other t(37)=-0.99, p=>0.05. Both the
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TABLE IV
Answers to questions 3 and 4 in Experiment 3

High diagnosticity Low diagnosticity High diagnosticity Low diagnosticity

and consistent base and inconsistent base and inconsistent base and consistenf base

rates (Group A) rates {Group D} rates {Group B} rates {Group C)
Choosing a color M=5953 5=13.13 M=6409 S$=2010 A =5786, 5=2343 M=06500; 5=17.00

that matched the cue

was correct ..%% of

the time

Regardless of the cue M =69.55; S=10.60 M=63.64;, S=1398 M=73.57, §=1650 M=56.00; §=13.50
color, green was the

correct answer %%

of the time.

Cells indicate mean response with standard deviation for each question.

9¢t

TV 13 AJOOMNNA 'L dIT1Hd



This document prepared for the sole and exclusive use of Philip Dunwoody. Any unauthorized reproduction is strictly prohibited.

BASE RATE CONSISTENCY 337

mean estimated cue matching for the high diagnosticity condi-
tion (M =64.52, SEM =3.98) and the low diagnosticity con-
dition (M = 58.89, SEM =4,05) failed to differ significantly
from the actual cue matching reinforcement in each condition,
1(20)=—1.38, p>0.05and ¢(17)=—0.27, p>0.05, respectively.
See Table IV for the cell means for each response by condition.

Question 4 (fill in the blank): “Regardless of the cue color,
green was the correct answer —% of the time”
Participants who experienced base rates of 70% green gave a
mean estimated response that green was the correct answer
71.11% (SEM =3.4) of the time while participants who expe-
rienced base rates of 60% estimated that green was correct
60.00% (SEM =3.05) of the time. These estimates were signifi-
cantly different from each other, 1(37) =2.565, p <0.05. The
mean estimated base rates for the high diagnosticity condition
(M =71.11, SEM=3.04) and the low diagnosticity condition
(M =60.00, SEM =23.05) failed to differ significantly from the
actual base rate in each condition, (17)=0.37, p=>0.05 and
£(20) = 0.00, p > 0.05, respectively. See Table IV for the cell
means for each response by condition.

Participant responses to the above questions were assessed
against their actual choice behavior to determine self-report
accuracy. Seventy-two percent of the participants had
post-experimental questionnaire results that matched with their
actual choice behavior. Participant estimates for cue match-
ing reinforcement and base rates (obtained in question 3 and
4, respectively), were evaluated against the actual contingen-
cies to see whether participants with accurate self-report deci-
sion strategies were more accurate at estimating base rates
and cue matching reinforcement than participants with inac-
curate self-report decision strategies. The absolute value of
the response minus the actual value served as the dependent
measure and was compared for accurate and inaccurate self-
report participants for both base rates and cue matching. The
mean difference score for cue matching was 12.5 (SEM =2.06)
for participants with accurate self-report decision strategies
and 16.82 (SEM =3.83) for participants with inaccurate self-
report decision strategies. While the difference was larger for
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participants with inaccurate self-report decision strategies, the
difference was not significant, ¢(37) = —1.06, p > 0.05. The
mean difference score for base rates was 10.36 (SEM = 1.58)
for participants with accurate self-report decision strategies
and 10.91 (SEM =2.22) for participants with inaccurate self-
report decision strategies. This difference was not significant,
(37 =—019, p=>0.05

Participants’ estimates of cue-matching and base rate rein-
forcement were notably accurate and failed to significantly
differ from the actual environmental contingencies. These data
indicate that participants are indeed sensitive to both cue
accuracies and base rates and that when these events are actu-
ally experienced by the participants they are highly accurate at
estimating them retrospectively.

It is interesting to note that participants with accurate
self-report decision making strategies were no more accu-
rate at estimating cue matching reinforcement and base rates
than participants with inaccurate self-report decision making
strategies. In other words, the accuracy of self-report decision
making strategies was not related to the accuracy with which
environmental contingencies were encoded in, or recalled from,
MIeImorYy.

4. GENERAL DISCUSSION

Three experiments tested the effects of information consis-
tency on the usage of base rate information. We hypothe-
sized that the base rate neglect that has been widely observed
in a vast literature may spring, at least in part, from a ten-
dency to rely more heavily on consistent sources of infor-
mation. In Experiment 1, participants underweighted base
rates and relied more heavily on the cue when base rates
were inconsistent and cue accuracies consistent, under con-
ditions where both sources of information were equal in
long-term diagnosticity. But, consistent with the hypothesis,
participants for whom cue accuracies were inconsistent and
base rates consistent weighted base rates more heavily than
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the cue. This shift in base rate and cue usage occurred even
though the long-term diagnosticity of the indicators was iden-
tical between conditions. While a strategy that relied solely on
the inconsistent indicator, whether it be the base rate or the
cue, would provide the same long-term average performance
as relying solely on the consistent indicator, such a strategy
would provide for more erratic short-term performance. A
more cautious approach would be to use base rate or cue
information more when it is a consistent source of informa-
tion. This strategy was observed in Experiment 1 and makes
sense when one considers the error potential in relying on an
inconsistent information source.

In Experiment 2, this effect was replicated, and partici-
pants were also found to be more sensitive to the experienced .
consistent information source when subsequently asked typi-
cal base rate word problems. Thus, when responding to the
word problems participants who had experienced inconsistent
base rates and consistent cue accuracies were more sensitive
to cue accuracies than to base rates. Those who had expe-
rienced inconsistent cue accuracies and consistent base rates
were more sensitive to base rate information than they were to
cue accuracy information. This is consistent with our hypoth-
esis, and contrary to a large body of research on base rate
usage in verbal problems. The effect of base rate consistency
is thus evident not only in choice proportions but also extends
to hypothetical novel experiences that have been the more tra-
ditional vehicle of studies of base rate usage. Although expe-
rienced base rates did make the information more salient, as
indicated by participant choice proportions and the sensitivity
measure for the word problems, participant responses on the
word problems were still far from Bayesian.

In Experiment 3, the effects of information consistency
were not profound enough to override the effects of
information diagnosticity. When consistency and diagnostic-
ity are pitted against each other, 86% of participants used
the information source highest in diagnosticity, even though
this diagnosticity advantage was only 10 percentage points.
This finding is consistent with that of Ginossar and Trope
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(1987), who found that base rate usage varied as a function of
the credibility of the individuating information. Ginossar and
Trope manipulated the source of the individuating informa-
tion (palm reader versus a psychologist) to manipulate credi-
bility. The diagnosticity manipulation in the present study had
the effect of making the base rate more or less credible than
the cue accuracy. Participants experienced different levels of
diagnosticity and used the base rate information as a function
of its diagnosticity.

The highly accurate cue matching and base rate estimates
in Experiment 3 add support to our conclusions about Exper-
iment 2. Despite participants’ clear sensitivity to base rates
when actually experienced, participants do not act as if they
understand the statistical and logical structure of typical base
rate word problems. In Experiment 2, increased sensitivity
to base rates, as demonstrated by their responses to base
rate word problems and choice proportions, failed to lead to
Bayesian responses when given typical base rate word prob-
lems. Given the accuracy of cue matching and base rate esti-
mates in Experiment 3, it is most likely that participants in
Experiment 2 would also have been able to accurately estimate
the base rates and cue matching reinforcement. These find-
ings are consistent with those of Christensen-Szalanski and
Beach (1982) who found that accurate base rate estimates of
experienced events did not translate into appropriate base rate
usage on subsequent word problems. Our results from Experi-
ments 2 and 3 provide a conceptual replication and extension
of their findings.

We concur with Christensen-Szalanski and Beach’s main
conclusion that the typical base rate word problems test par-
ticipants’ “knowledge of a statistical rule or their ability to
understand. ..complexly worded problems rather than their
ability to use probabilistic information.” (p. 277). All three
experiments demonstrate a clear and sophlstlcated use of
probabilistic information.

Christensen-Szalanski and Beach concluded that such find-
ings “raise a troubling doubt about the appropriateness of
quantitative word problems in the study of human judgment”
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(p. 277). We disagree with this conclusion. Given that infor-
mation is routinely presented in the form of summary sta-
tistics, the use of word problems provides a convenient and
informative format for evaluating people’s use of information.
Since experts ranging from policy makers to physicians rely
on summary statistics to inform their decisions the empha-
sis in base rate research may benefit from a shift from dem-
onstrations of error to reducing error through changes in
the information format., Our results, coupled with those of
Christensen-Szalanski and Beach, indicate that the format of
the base rates (experience versus summary statistics) and the
response format (choice proportions versus judgments from
word problems) have a large impact on how base rate infor-
mation is used. These findings are likewise consistent with
those of Gigerenzer and Hoffrage’s (1995) who found that
information format greatly affects base rate usage.

The present experiments contribute to our understanding
of base rate usage in several key ways. They demonstrate that
base rate usage is a function of the relative degree of con-
sistency of both base rates and cue accuracy. They demon-
strate that base rate usage is complex and directly related to
the statistical characteristics of the base rate information as
well as the formats in which the base rates are provided and
the responses are obtained. They demonstrate that knowledge
of base rates is insufficient for appropriate use of base rates in
the traditional format of summary statistics as used in word
problems. They also demonstrate that the base rate event
frame, long-term versus short-term, is an important character-
istic of the ecology to which participants are sensitive.

Brunswik (1956, 1957) argued that experimenters should
not assume that participants use cues as though the cues
were perfect predictors because humans evolved to cope in
uncertain circumstances where the consistency and diagnos-
ticity of information sources varied. He argued instead that
researchers ought to fluctuate the diagnosticity (or ecologi-
cal validity in Brunswik’s terms) of cues and evaluate whether
ensuing decisions reflect a parailel shift in utilization. Base
rates of previous events are a cue for predicting future events.
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When past base rates are presented only as summary statis-
tics, participants have only long-term base rate information
available to them. The Volvo and crocodile examples discussed
in the introduction may not be adequately described by the
long-term base rates. Base rate as a category depends on the
reference class. The base rate for rain this month may be very
different from the average monthly base rate for rain this year.
This fact makes it important that participants are sensitive to
fluctuations in experienced base rate consistencies.

In sum, base rate usage was found to be a function of past
experience, both of base rate diagnosticity and base rate con-
sistency. The conservative decision maker, not knowing when
base rates are high or low, may use them cautiously. Cau-
tious usage may be an adaptive bias. Although this possibility
was suggested by Goodie and Fantino (1999a) and tested in a
Monte Carlo simulation by Todd and Goodie (2002), to our
knowledge these are the first empirical studies to demonstrate
that the use of base rates is based on base rate consistency as
well as diagnosticity.
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