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A B S T R A C T

Individual differences in working memory capacity partly arise from variability in attention control, a process
influenced by negative emotional content. Thus, individual differences in working memory capacity should
predict differences in the ability to regulate attention in emotional contexts. To address this hypothesis, a
complex-span working memory task was modified so that negative arousing images or neutral images subtended
the background during the encoding phase. Across three experiments, negative arousing images impaired
working memory encoding relative to neutral images, resulting in impoverished symmetry span scores. Contrary
to the primary hypothesis, individual differences in working memory capacity derived from three complex span
tasks failed to moderate the effect of negative arousing images on working memory encoding across two large
scale studies. Additionally, in Experiment 3, both negative and arousing images captured attention and were
processed despite their incongruence with task goals which led to increased memory for the images in a sub-
sequent recognition task. Implications for theories of working memory and attention control in emotional
contexts will be discussed.

1. Introduction

Working memory is responsible for the transient registration,
maintenance, and retrieval of novel and previously learned information
in primary memory. Three important sources of individual differences
in working memory are active maintenance of task goals in primary
memory, the capacity of primary memory, and controlled retrieval of
momentarily displaced goals from secondary memory (Shipstead,
Harrison, & Engle, 2015; Unsworth, Brewer, & Spillers, 2012; Unsworth
& Engle, 2007; Unsworth, Fukuda, Awh, & Vogel, 2014). Active
maintenance of task goals in primary memory partly depends on the
ability to control attention in distraction-rich environments (Engle &
Kane, 2004). Although working memory has traditionally been studied
in environments devoid of emotion, growing evidence suggests that
individual differences in working memory capacity (WMC) may play a
critical role in how well individuals are able to manage or prioritize
emotional content to achieve task goals (Barrett, Tugade, & Engle,
2004; Unsworth, Heitz, & Engle, 2005). For example, recent work has
shown that emotional content can obligatorily capture attention
leading to decrements in ongoing cognitive processing (Mather, 2007).
According to these views, working memory should be important for

dealing with emotional distractions. The purpose of the present study
was to determine whether individual differences in WMC moderate the
effect of distracting emotional content on overt attention capture away
from goal relevant information.

1.1. Working memory capacity

WMC is typically measured using complex-span tasks such as the
symmetry-span task (Shah & Miyake, 1996; Unsworth, Redick, Heitz,
Broadway, & Engle, 2009). During a symmetry-span task (see Fig. 1A
for an illustration) participants remember the spatial locations of red
squares presented in a 4 × 4 grid. Interspersed with the to-be-re-
membered spatial locations are patterns that the participant identifies
as symmetrical or nonsymmetrical. WMC in a symmetry-span task is
defined as the total number of spatial locations that can be recalled in
the correct serial order (partial-unit span score). The symmetry judg-
ment task serves as distracting information, and participants are asked
to achieve at least 85% accuracy on the distraction task while still
maintaining the locations of the squares in memory. According to Engle
and Kane (2004), attention control is the theoretical mechanism re-
sponsible for active maintenance of the spatial locations while
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simultaneously processing the symmetry judgment task. It is this at-
tention control mechanism that partly contributes to correlations be-
tween working memory and higher-order cognitive abilities.

1.2. Working memory capacity and attention control

Variance in complex-span tasks is not only related to a diverse array
of higher-order cognitive abilities (Conway, Kane, & Engle, 2003;
Daneman & Carpenter, 1980) but it is also related to performance on
tasks that measure lower-order abilities such as goal maintenance and
resisting prepotent responses. For example, WMC predicts performance
on the antisaccade task (Kane, Bleckley, Conway, & Engle, 2001). In a
computerized version of the antisaccade task developed by Kane et al.
(2001), the participants' goal was to identify a target that appeared on
the same side (prosaccade condition) or opposite side (antisaccade
condition) of a flashing cue. Individual differences in working memory
were correlated with antisaccade performance but were not correlated
with prosaccade performance. Specifically, in an antisaccade condition
participants with low WMC made more target identification errors and
were slower on correct trials. Additionally, participants with low WMC
were slower to make a correct saccade toward the target and made
more incorrect saccades toward the flashing cue (Kane et al., 2001;
Unsworth, Schrock, & Engle, 2004).

Engle and Kane (2004) posited that attention control is needed to
both maintain task goals and to resolve response competition by sup-
pressing the reflexive tendency to glance at the flashing cue. In the an-
tisaccade task, failing to maintain the task goal will result in an incorrect
saccade toward the flashing cue. By contrast, resolving response compe-
tition by suppressing reflexive glances toward the flashing cue will result
in slower, but correct, saccades away from the flashing cue (Engle & Kane,
2004). This view suggests that lowWMC participants have deficits in both

goal maintenance and resolving response competition by suppressing
prepotent responses. In the present study we aim to evaluate whether
WMC is similarly related to the ability to suppress the tendency to look at
distracting images containing emotional content.

Other research indicates that some aspects of attentional capture by
irrelevant content are not related to WMC. Fukuda and Vogel (2011)
demonstrated that high and low WMC participants do not differ in
whether or not their attention is captured by distracting stimuli. Rather,
they differ in how long it takes them to disengage from the stimuli that
distracted them and recover from attentional capture. Along these lines,
Shipstead, Lindsey, Marshall, and Engle (2014) demonstrated that al-
though attention control was needed to filter out irrelevant information
presented on the opposite side of the screen as relevant information,
working memory was not predictive of this filtering ability. Across these
studies, WMC was not related to attentional capture when the distracting
stimulus and the task-relevant stimulus were simultaneously presented.
As a result, an alternative view is that WMC will be unrelated to the
tendency to look at distracting emotional images if the distracting images
are presented at the same time as task-relevant information.

1.3. Emotion, attention, and working memory capacity

Emotional content is argued to obligatorily capture attention in
order to orient organisms toward salient information that may be re-
levant for survival (Mather, 2007; Öhman, Flykt, & Lundqvist, 2000).
Cohen, Henik, and Mor (2011) argued that attention and emotion in-
teract in the executive control network of attention (e.g., also see Fan,
McCandliss, Sommer, Raz, & Posner, 2002). Specifically, response times
for congruent flanker trials were slower following negative cues com-
pared to neutral cues. On incongruent trials emotion did not influence
response times. Similarly, Redick and Engle (2006) reported that high

Fig. 1. Sequence of events in a A) traditional, B) neutral, and C) emotional symmetry span task for a list length of two. Described in detail in the text. Photos in the figure were retrieved
from https://www.pexels.com/ and are not included in the IAPS database.
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