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Quantifying a threat: Evidence of a numeric processing bias
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A B S T R A C T

Humans prioritize the processing of threats over neutral stimuli; thus, not surprisingly, the presence of threats
has been shown to alter performance on both perceptual and cognitive tasks. Yet whether the quantification
process is disrupted in the presence of threat is unknown. In three experiments, we examined numerical
estimation and discrimination abilities in adults in the context of threatening (spiders) and non-threatening (e.g.,
flowers) stimuli. Results of the numerical estimation task (Experiment 1) showed that participants under-
estimated the number of threatening relative to neutral stimuli. Additionally, numerical discrimination data
reveal that participants' abilities to discriminate between the number of entities in two arrays were worsened
when the arrays consisted of threatening entities versus neutral entities (Experiment 2). However, discrimination
abilities were enhanced when threatening content was presented immediately before neutral dot arrays
(Experiment 3). Together, these studies suggest that threats impact our processing of visual numerosity via
changes in attention to numerical stimuli, and that the nature of the threat (intrinsic or extrinsic to the stimulus)
is vital in determining the direction of this impact. Intrinsic threat content in stimuli impedes its own
quantification; yet threat that is extrinsic to the sets to be enumerated enhances numerical processing for
subsequently presented neutral stimuli.

A lightning-fast mosquito slap or a quick jump out of the way of a
barking dog's jaws represent the outcome of universal and advanta-
geous information-processing biases that enable humans to quickly
attend to threats in the environment (LoBue, Rakison, & DeLoache,
2010; Öhman &Mineka, 2001). Threat-processing biases have been
observed at multiple levels of processing (from initial orientation to
later elaboration or avoidance), in numerous tasks manipulating
attentional focus, and with stimuli ranging in threat-relevance (Bar-
Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn, M.
H., 2007; Ouimet, Gawronski, & Dozois, 2009; Vuilleumier, 2005).
Outside of the psychology laboratory, however, threats may come in
swarms, mobs, armies, and other groups that must be evaluated and
compared using quantitative processing. Whether and how threat
content may affect our ability to extract numerosity has not been
studied.

Processing numerosity is basic to moment-to-moment experiencing
of the world. The ability to track quantities and perform rudimentary
numerical operations has been observed across species (e.g.,
Cantlon & Brannon, 2007; Cordes, King, & Gallistel, 2007) and as early
as infancy (e.g., McCrink &Wynn, 2009; Xu & Spelke, 2000). Numerical
tracking has been proposed to facilitate the most fundamental survival

needs, from procuring enough food to assessing the risk of a competing
group (e.g., review: Gallistel, 1990). In particular, the representation of
numerical magnitude is crucial for the quick, rough quantifications
necessary for action planning across species, and appears to be
foundational to the development of more advanced mathematical skills
(e.g., Brannon &Merritt, 2011; Halberda, Mazzocco, & Feigenson, 2008;
Hyde, Khanum, & Spelke, 2014; Libertus, Feigenson, & Halberda, 2011;
Park & Brannon, 2013). Prior work has revealed some signatures of non-
symbolic numerical tracking. For example, our ability to approximate
visual number is less precise relative to the symbolic numeric proces-
sing system (i.e., the use of Arabic numerals or verbalized count
numbers representing exact numbers; Feigenson, Dehaene, & Spekle,
2004); discrimination between sets of entities is enhanced as the
numerical ratio between the sets increases (i.e., adherence to Weber's
Law; Jordan & Brannon, 2006); and people tend to underestimate when
converting non-symbolic quantities to symbolic quantities (Crollen,
Castronovo, & Seron, 2011). Yet whether and how humans' everyday
numerical magnitude judgments interact with co-occurring affective
processes, as in the case of quantifying threats, has been unexplored.

A large extant literature, corroborated by everyday experience,
describes the attention-grabbing nature of threatening stimuli. Both
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adults and children are quicker and more accurate in detecting
threatening stimuli (of both a social and physical nature) amongst
neutral stimuli (e.g., LoBue, 2010; Öhman &Mineka, 2001). However,
the strong attentional draw of threats leads to difficulties disengaging
from threatening stimuli, such that the detection and/or processing of
neutral stimuli may be impaired in the context of threat (Koster,
Crombez, Verschuere, & De Houwer, 2004; Williams,
Mathews, &MacLeod, 1996). For example, task performance may be
hindered in the presence of threatening or emotional content when the
task requires shifting attention away from the threat and deploying
higher cognitive processes (e.g., Cohen, Henik, &Mor, 2011). In con-
trast, when threats are presented just prior to, and not concurrent with,
task-relevant stimuli, these threatening primes have been shown to
increase visual contrast sensitivity for subsequently presented neutral
stimuli. Therefore, threatening primes facilitate, rather than compete
with, the visual processing required for the subsequent contrast
perception task (Phelps, Ling, & Carrasco, 2006; Vuilleumier, 2005).
Together, results indicate task performance may be impaired when the
task requires the participant to overcome the attentional capture of
threats, yet, task performance may be enhanced when a task leverages
the attentional capture of threats.

Prior work has examined the effects of emotional stimuli on
approximate numerical processing using numerical bisection tasks in
which participants judge whether the number of items in an array of
dots is “more similar” to a learned small or large standard (Baker,
Rodzon, & Jordan, 2013; Lewis, Zax, & Cordes, in press;
Young & Cordes, 2013). Baker et al. (2013), for example, asked
participants to decide if a briefly presented array of angry, happy, or
neutral faces were more similar to a small or large standard value.
Results revealed that the number of emotional, relative to neutral, face
stimuli were underestimated (Baker et al., 2013), suggesting that
entities with intrinsic threatening content may be underestimated
relative to neutral stimuli; that is, if naturalistic threats function
analogously to emotional face stimuli. Yet, because the numerical
estimates involved in bisection tasks are rather ambiguous (instructions
do not specify whether “similarity” should be judged via numerical
differences, ratios, or some other criterion), it is not clear whether
underestimation observed in the bisection tasks used in these prior
studies necessarily constitutes impairment (see Young & Cordes, 2013).
Thus, in Experiment 1, we first explore whether underestimation biases
observed in the presence of emotional stimuli are also observed in the
context of biological threats (i.e., spiders). Importantly, we use a
straightforward estimation task, in which participants provide an
explicit symbolic estimate of the number of items presented, to begin
to address the open question of whether observed underestimation
biases reflect impaired, or enhanced, numerical processing.

While a straightforward estimation task allows for a direct assess-
ment of the valence of this numerical bias, it also introduces the
potential for individual motivations to play a role in responding.
Although underestimation biases observed during an estimation task
are likely driven by differential attention allocation in the context of
threat or not, it is also possible that these biases are driven by an
attempt to lessen the extent of the threat. That is, individuals may
generate lower estimates of the number of spiders they see because they
actually perceive fewer spiders, but also possibly because of wishful
thinking, such that estimating fewer spiders may also psychologically
lessen the degree of threat that the spiders pose (e.g., Koudenburg,
Postmes, & Gordijn, 2011; Niemi, Woodbridge, Young, & Cordes, in
preparation). Thus, it is critical to assess the impact of threatening
content on numerical processing using a task in which responding may
not conceivably be driven by intrinsic motivations to avoid the threat.
In Experiments 2 and 3, we report a novel investigation of the impact of
threatening content on numerical discrimination, in which participants
are asked to judge the relative numerosity of two arrays of threatening,
or two arrays of neutral, stimuli. Importantly, because responding on
this task requires the selection of one of two arrays, the threatening

content should not motivate participants to select one array over the
other. Thus, numerical discrimination tasks are the ideal test for
investigating perceptual differences in numerical processing that may
arise in the presence of threatening content.

Previous work has shown that accuracy in numerical discrimination
tasks is impaired in individuals with high math anxiety, indicating
vulnerability of basic numerical processing to anxiety-producing con-
ditions (Maloney, Ansari, & Fugelsang, 2011; Maloney, Risko,
Ansari, & Fugelsang, 2010). However, no work has explored whether
effects of anxiety on numerical processing are driven by an elevated
anxiety level brought on by the thought of completing a numerical task
(i.e., anxiety brought on before the task even begins – prior to
presentation of the numerical stimuli) or instead by the intrinsic
threatening nature of the stimuli (i.e., anxiety evoked by the numerical
stimuli itself). In light of work indicating impaired visual attention
when stimuli have intrinsic threatening content (e.g. Koster et al., 2004;
Williams et al., 1996), yet enhanced visual attention immediately after
the presentation of threatening content (e.g., Phelps et al., 2006;
Vuilleumier, 2005), it is likely that the timing of the presentation of
threatening content may be an important factor in determining the
impact of the threat. Moreover, substantial research has linked numer-
ical discrimination abilities to formal mathematical achievement
(Halberda et al., 2008; Libertus et al., 2011; Mazzocco,
Feigenson, & Halberda, 2011), thus making it critical to understand if
threatening content may be leveraged to enhance performance on these
tasks. Thus, the current study investigates how the timing of presenta-
tion of threatening content may alter numerical discrimination abilities.
In particular, we explore both numerical discrimination of entities with
intrinsic threat content (Experiment 2), and numerical discrimination
of sets of neutral entities presented after exposure to threat content
(Experiment 3).

1. Overview of the current study

In Experiment 1, we test the effects of intrinsic threat content on
numerical estimation in a simple task that pits threatening (spiders)
against neutral (perceptually matched flowers and other natural
objects) stimuli and allows for calculation of the precise deviation of
participant's estimates from actual amounts shown. In Experiment 2,
we test the effects of intrinsic threat content on numerical discrimi-
nation in a task that involves comparing two arrays of threatening
stimuli or two arrays of neutral stimuli. Finally, in Experiment 3, we
again test the effects of the presence of threatening and neutral
stimuli on numerical discrimination. Importantly, in Experiment 3,
the arrays of dots to be discriminated were presented immediately
following the presentation of a threatening or neutral stimulus
granting us the ability to determine how threat content, which is
not intrinsic to the items being discriminated, impacts numerical
discrimination.

2. Experiment 1

In Experiment 1, participants completed a numerical estimation task
in which they estimated the number of threatening (e.g., spiders) or
neutral (e.g., flowers) stimuli.

2.1. Method

2.1.1. Participants
Participants were 27 adults (6 males, 21 females: Mage = 20.69,

range 18–37) who received course credit or a small gift for participa-
tion.

2.1.2. Stimuli
Stimuli consisted of arrays of either neutral items (4 kinds: leaves,

twigs, and two flower-shapes) or threatening items (4 kinds of spiders).

K.A. Hamamouche et al. Acta Psychologica 177 (2017) 1–9

2



https://isiarticles.com/article/161189

