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Theoretical background

Base-rate neglect (Kahneman & Tversky, 1973): when com-
puting the probability of an hypothesis H given a body of evi-
dence E, people tend to ignore the prior probability P(H) rely
exclusively on E. Two classes of explanations have been pro-
posed:

Evidential Impact Perspective

People 1gnore Base-rate because they are more interested in
the confirmation relation ¢(H, E between E and H (How much
learning E 1ncreases or decreases the probability of H) than in
the posterior probability P(H | E) (How probable is H, given
EM).

Causal Reasoning View

People are interested in posteriors, but they 1gnore base-rate
because 1n most ordinary cases, those do not bear a transparent
causal connection to the hypothesis of interest.
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Teasing apart the two factors

In most cases that are likely to arise, confirmation and causal
relations tend to be entangled. Wherever there 1s a causal
relationship between two events A and B, there also tends to
be a confirmation relation (positive or negative), and vice-
versa.

e As a result, the two kinds of explanations above are hard to
distinguish and often counfounding in existing experiments

including Krynski & Tenenbaum (2007).

e In the Mamogram example presented above, the manipula-
tion introduced by Krynski & Tenenbaum, the Cyst manip-
ulation does not just introduce causality, 1t changes the evi-
dential impact of the evidence, with ¢(7T+ | Cyst) being very
high.

Proposal: To build a reasoning task, analogous to the original
Lawyers and Engineers paradigm, where we specifically dis-
tinguish the two factors.
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The experiment
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Figure 1: The x — axis represents the proportion of Young people present in the
set of villagers selected for the Parade, the y-axis, the proportion of Young vil-
lagers 1n the Parade that get selected to be Leader, in terms of the log-likelihood
statistic. The curve represents the combinations of Base-rate and likelihood
values that would give a posterior probability of Pr(YounglLeader) of 0.6. The
dots represent the particular values of that conjunction that were chosen for our
EV-POST (red) and PRIOR-POST (blue) conditions.

In the PRIORS-POST condition, the majority group in the first
round of selection (corresponding to the priors or base-rate)
matches the majority group in the posteriors, but not that of
the second round.

* In this context, neglecting the base rate would lead to an un-
derestimation of the proportion of Young People.

We also vary for each conditions:

 Whether or not the Base-rate information is causally con-
nected to the target hypothesis.

* Whether or not the updating evidence 1s connected to the tar-
get hypothesis

Leading to a total of 2x2x2= 8 conditions.

O OO Figure 2: Images displayed
OOOOOOOOO along the story, in every
OO O O O condition.  They helped
people track the relevant
O OOQO proportions.  The Youth
M are represented as circles,
QQ the Elder are represented as
Q squares, and the red rectan-
gle highlights the subset of
villagers that got selected

O O as Leaders.

.Subjects were told to consider a fictional story about an an-
cient Mesopotamian village, in which a ritual Parade takes
place every year. Only a limited number of men are allowed
to participate each year, so a selection must occur, which 1n-
volves two steps:

(a) The first step selects a hundred men from the general popu-
lation to be members of the Parade.

(b) The second step selects a subset of 50 men from the mem-
bers of the Parade, to be elected Leaders of the Parade. They
wear a distinctive attire made out of a red mask.

2. At each round of selection, subjects are to told about the pro-
portion of men from each one of two age brackets: “Youths”
(aged 16 to 29) and “Elders” (aged 30 or older), that got se-
lected.

3. Once subjects have heard the entire story, they are presented
with a particular villager named ‘Balthazar’, and told that he
wears the red mask distinctive of the Leaders of the Parade

4. From there we ask them and asked to estimate the probability
that he’d be either an Elder or a Youth. This amounts to com-
puting the posterior probability P(Young | RedMask).

Across all conditions, the final distribution has 30 Youths, but
only 20 Elders in the 50 Leaders of the Parade. So there 1s a
60% probability that the villager 1s a Youth.

We also ask them about:

* The story that subjects have heard contains all of the informa-
tion necessary to assess the probability:

— The first round of selection provides them with base-rate
information about the target hypotheses

— The second round provides them with additional updating
evidence.

* We then check how subjects’ answer might differ from that
correct answer 1n two kinds of conditions:

—In the EV-POST condition, the majority group in the second
round of selection (corresponding to the updating evidence)
matches the majority group 1n the posteriors, but not that of
the first round.

% In this context, neglecting the base rate would lead to an
overestimation of the proportion of Young People.

Results
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Figure 3: Distribution of Pr(Youth) estimates as a function of the causality of each type of information. The lines describe different model predictions. Note
that the causal evidence condition all model predictions are in line with Evidential impact.

* People were more influenced by the impact of the evidence overall, regardless of whether the base-rate and or evidence were

causal.

* Subjects’ probability estimates were better predicted by their reported likelihood estimate P(Red Mask | Youth) than by the
posterior probability that came out of their Likelihood and Prior estimates (both of which were collected successively).

e Information that was framed causally was given more importance overall, but this mostly applied to updating evidence: where
the evidence was causal, people’s choices were more influenced by it than when 1t wasn’t. On the other hand, the impact of

causality on the base-rate was negligible.




