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a b s t r a c t

Studies of the belief bias effect in syllogistic reasoning have relied on three traditional dif-
ference score measures: the logic index, belief index, and interaction index. Dube, Rotello,
and Heit (2010, 2011) argued that the interaction index incorrectly assumes a linear recei-
ver operating characteristic (ROC). Here, all three measures are addressed. Simulations
indicated that traditional analyses of reasoning experiments are likely to lead to incorrect
conclusions. Two new experiments examined the role of instructional manipulations on
the belief bias effect. The form of the ROCs violated assumptions of traditional measures.
In comparison, signal detection theory (SDT) model-based analyses were a better match
for the form of the ROCs, and implied that belief bias and instructional manipulations
are predominantly response bias effects. Finally, reanalyses of previous studies of condi-
tional reasoning also showed non-linear ROCs, violating assumptions of traditional analy-
ses. Overall, reasoning research using traditional measures is at risk of drawing incorrect
conclusions.

Published by Elsevier B.V.

1. Introduction

One of the central research issues in cognition is how
prior beliefs are put together with new observations. For
example, this issue arises in perception (e.g., Schyns &
Oliva, 1999), memory (e.g., Bartlett, 1932), comprehension
(e.g., Bransford & Johnson, 1972), categorization (e.g., Heit
& Bott, 2000), social cognition (e.g., Sherman et al., 2008)
and contingency judgment by humans as well as animals
(e.g., Alloy & Tabachnik, 1984). Here our focus is reasoning.
Broadly speaking, when reasoning is uncertain, it is norma-
tive to take account of prior beliefs, indeed any knowledge,
in an effort to improve inferences (Skyrms, 2000; see also
Heit, Hahn, & Feeney, 2005). However, when the task is
to reason according to standard rules of logic, it is norma-
tive to focus on the form of an argument only, and not how
it connects with other knowledge. For example, in typical

studies of syllogistic reasoning, participants are explicitly
instructed to focus on whether the conclusion logically fol-
lows from the premises. Researchers can then measure
how prior beliefs, despite instructions, influence reasoning
(e.g., Evans, Barston, & Pollard, 1983; Oakhill & Johnson-
Laird, 1985).

One result of this research strategy is the belief bias ef-
fect, which is the tendency for conclusions of syllogisms
to be accepted when they are consistent with prior beliefs,
regardless of their validity. For example, Evans et al. (1983)
found that syllogisms with invalid, but believable
conclusions, like

No addictive things are inexpensive:
Some cigarettes are inexpensive:
�Therefore; some addictive things are not cigarettes:

ð1Þ

were judged to be ‘‘valid’’ 71% of the time. In contrast,
structurally identical invalid problems with unbelievable
conclusions, such as
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No cigarettes are inexpensive:
Some addictive things are inexpensive:
�Therefore; some cigarettes are not addictive:

ð2Þ

were accepted only 10% of the time. Evans et al. also ob-
served a smaller discrepancy in the acceptance rates for
logically valid problems with believable and unbelievable
conclusions (89% and 56%, respectively). The different
sizes of the belief effect for valid and invalid problems
resulted in a statistically reliable interaction between
the validity of the conclusion and its believability. The
three basic effects—higher acceptance rates for valid than
invalid conclusions, higher acceptance rates for believable
than unbelievable conclusions, and an interaction
between validity and believability—have been studied
extensively. Evans et al. referred to these three key
measures as the logic index, the belief index, and the
interaction index.

Most researchers have measured belief bias effects
using a 2 � 2 ANOVA on the raw scores. A convincing be-
lief bias effect is observed whenever both main effects
and the interaction are statistically significant. As
reviewed by Dube, Rotello, and Heit (2010), this work
has served as the empirical basis for three decades of
research on reasoning. Historically, the interaction effect
has been taken to support important theories of reasoning
(e.g., dual-process theory, Evans & Curtis-Holmes, 2005;
mental models theory, Oakhill & Johnson-Laird, 1985;
see also Evans et al., 1983; Klauer, Musch, & Naumer,
2000; Newstead, Pollard, Evans, & Allen, 1992; Polk &
Newell, 1995; Quayle & Ball, 2000). Assessment of the
interaction index continues to be a key point in recent
studies of belief bias on syllogistic reasoning in a variety
of arenas (e.g., neuroscience, Stollstorff, Bean, Anderson,
Devaney, & Vaidya, 2013; emotion and cognition, Blanch-
ette & Campbell, 2012; Eliades, Mansell, Stewart, &
Blanchette, 2012; Goel & Vartanian, 2011; individual
differences, Stupple, Ball, Evans, & Kamal-Smith, 2011;
informal argumentation, Thompson & Evans, 2012).

The logic effect is also a matter of extensive interest in
reasoning research, beyond syllogistic reasoning tasks. For
example, Pollard and Evans (1987) proposed that the logic
index based on raw difference scores (logically correct an-
swers minus logically incorrect answers) should be used to
analyze performance on the Wason (1968) selection task.
This proposal has been influential (e.g., Griggs, 1989; Platt
& Griggs, 1993; Stanovich & West, 2008). The logic index
has also been used extensively in studies of conditional
reasoning (e.g., Evans, Legrenzi, & Girotto, 1999; Sellen,
Oaksford, & Gray, 2005). Therefore, the critiques in this pa-
per of the logic index apply not only to syllogistic reason-
ing but to the selection task and conditional reasoning as
well. Similarly, the belief index has also been used to study
belief bias effects in conditional reasoning (e.g., Evans,
Handley, & Bacon, 2009; Handley, Capon, Beveridge,
Dennis, & Evans, 2004).

What the aforementioned studies have in common is
that they rely on analyses of simple difference scores and
interactions. A few experiments have used these measures
to investigate the important topic of whether the belief
bias effect can be reduced or eliminated intentionally

(Evans, Newstead, Allen, & Pollard, 1994; Newstead et al.,
1992). In other words, can an experimenter’s instructions
lead a participant to avoid using prior beliefs when evalu-
ating logical validity? This is an important theoretical
question because it addresses a core issue in dual-process
accounts of reasoning, namely whether automatic pro-
cesses can be inhibited or substituted with more controlled
processes (referred to as an intervention by Evans, 2008,
and an override by Stanovich, 2009). In an experiment with
syllogisms, Newstead et al. found that highly detailed
instructions eliminated both the belief effect and the inter-
action effect. In contrast, two of the three experiments on
syllogisms reported by Evans et al. (1994) found no reduc-
tion in the belief effect or the interaction effect. Their fa-
vored explanation for the inconsistent results focused on
stimulus and instruction effects. But another possibility is
that the traditional measures they considered have a ten-
dency to lead to distorted or unreliable conclusions.

Dube et al. (2010) raised a related concern. We showed
that the theoretical receiver operating characteristic (ROC)
curves—which plot correct response rates (hits, H) against
error response rates (false alarms, F) as a function of chang-
ing response bias but constant accuracy level—implied by
traditional measures are linear (see also Macmillan & Cre-
elman, 2005, p. 13; Swets, 1986, p. 111). In contrast, the
empirical ROCs obtained in reasoning tasks, including both
syllogistic belief bias and inductive reasoning, are curved
and therefore inconsistent with the assumptions of the
raw score approach (Dube, Rotello, & Heit, 2011; Dube
et al., 2010; Heit & Rotello, 2005; Heit & Rotello, 2008; Heit
& Rotello, 2010; Heit & Rotello, 2012; Heit, Rotello, &
Hayes, 2012; Rotello & Heit, 2009; Trippas, Handley, &
Verde, 2013). Note that in Dube et al. (2010, 2011) we fo-
cused on the interaction index and did not consider poten-
tial problems with the logic index or the belief index that
are addressed here for the first time.

Applying a measurement statistic, like a difference be-
tween acceptance rates, has been shown to result in a high
probability of the data being misinterpreted if the assump-
tions of that measure are not met. This point has been
made often in memory research (e.g., Evans, Rotello, Li, &
Rayner, 2009; Masson & Rotello, 2009; Verde & Rotello,
2003; Wixted & Mickes, 2012). For example, what are actu-
ally response bias differences between two experimental
conditions may be falsely interpreted as accuracy differ-
ences. That negative consequence of violated assumptions
cannot be overcome by collecting larger sample sizes,
which often, insidiously, worsen the problem (Rotello,
Masson, & Verde, 2008).

Dube et al. (2010) applied a signal detection (SDT) mod-
el of belief bias to our curved ROC data, and concluded that
the belief effect and the interaction effect could be fully ac-
counted for by a simple response bias shift for believable
and unbelievable problems: Reasoning accuracy did not
differ with believability, though subjects’ willingness to
say ‘‘valid’’ did. In contrast, traditional analyses had indi-
cated that reasoning accuracy was greater for unbelievable
arguments than for believable arguments. Accuracy
differences are often used to justify theoretical claims of
differential or extra processing for some argument types;
for example Evans et al. (1983) concluded that when

76 E. Heit, C.M. Rotello / Cognition 131 (2014) 75–91



Download English Version:

https://daneshyari.com/en/article/10457572

Download Persian Version:

https://daneshyari.com/article/10457572

Daneshyari.com

https://daneshyari.com/en/article/10457572
https://daneshyari.com/article/10457572
https://daneshyari.com

