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ABSTRACT

Research suggests that elevated state negative affect (NA) reduces attentional
scope and increases interference by distracting information. However, it is unclear
whether and how trait NA contributes to this effect. 153 undergraduates completed the
MASQ Anhedonic Depression 8-item scale to measure NA and a modified Flanker task.
They also completed measures of anxious apprehension (AP; Penn State Worry
Questionnaire) and anxious arousal (AA; MASQ), known to influence attention
processing. Participants identified one of two target letters (X or N) among five non-
target letters arranged on a circle. Non-targets were homogeneous in low perceptual
load (Os) and heterogeneous in high perceptual load (K,V,S,R,J). Additionally, a foil (X
or N) was presented in the center or periphery (left or right) of the display.

It was predicted 1) that flanker interference would increase with increasing trait
NA, and 2) that attentional scope would decrease with higher NA. Results indicated that
NA did not modulate attentional scope. However, affective traits interacted to predict
flanker interference under high load central-foil conditions. Higher NA and AD were
associated with increased interference, but higher AA mitigated this effect. Positive
affect was also found to predict interference in high load central-foil conditions. These
results highlight the role of diverse affective traits on various aspects of non-emotional

attentional processing.
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1. INTRODUCTION

The ability to selectively attend to and filter out unnecessary information is an
important characteristic of attentional control. Individuals are constantly faced with
having to choose between stimuli that compete for attentional resources, and such
choices are repeatedly shaped by bottom-up (e.g., stimulus properties; Forster & Lavie,
2008) as well as top-down influences (e.g., memory, Desimone & Duncan, 1995). A
considerable amount of research in selective attention is informed by perceptual load
theory (Lavie & Tsal, 1994; Lavie, 1995).

Perceptual load is manipulated in tasks of selective attention by increasing the
complexity of visual stimulation in a display. For instance, in a low perceptual load
condition, participants are asked to report the identity of the target letter (X or N),
presented among a set of homogeneous non-target letters (e.g, five Os). In contrast, in
a high perceptual load condition, the target is presented among more complex non-
target letters (e.g., V, X, N, T, K). In addition to the target letter and non-target letters
(presented for instance in a circular arrangement), the visual display also contains a
task-irrelevant stimulus (e.g., an X or N presented at fixation or in the periphery),
henceforth referred to as a foil stimulus (Lleras, Buetti, & Mordkoff, 2014). According to
perceptual load theory, under conditions of low perceptual load the target identification
task is sufficiently simple that it will leave enough attentional resources to process the
foil stimulus (Lavie, 2005). In contrast, the complexity of visual information to be
processed in conditions of high perceptual load depletes all attentional resources and

consequently, the foil stimulus will not be processed.



Attentional processing of foil stimuli results in interference effects known as the
Flanker effect (Eriksen & Eriksen 1974). Typically, a response conflict is observed in
incompatible trials because the target (e.g., X) and foil stimulus (e.g., N) activate
different responses (e.g., press button 1 for X and button 2 for N). In compatible trials,
the target and foil (e.g., both Xs or both Ns) activate the same response, leading to
response facilitation. The Flanker effect is computed as the difference in reaction time
between incompatible and compatible trials. Under conditions of low perceptual load the
foil stimulus leads to consistent interference effects, whereas conditions of high
perceptual load result in reduced or null interference effects (Forster & Lavie, 2008a;
Lavie & Cox, 1997; Lavie, 2005).

Importantly, the magnitude of the flanker effect has been proposed to be a robust
measure of distractibility (Forster & Lavie, 2007, 2008b; Lavie, 2010) particularly at low
perceptual load. For instance, higher scores on the Cognitive Failures Questionnaire
(Broadbent, Cooper, FitzGerald, & Parkes, 1982) are associated with larger flanker
effects at low perceptual load (Forster & Lavie, 2007). Also, individuals who score
higher on a self-report measure of childhood ADHD symptomatology tend to show
greater interference from rarely occurring cartoon foils (appearing in 10% of trials) in low
perceptual load conditions (Forster, Robertson, Jennings, Asherson, & Lavie, 2014).
Thus, the magnitude of the flanker effect at low perceptual load has been interpreted as
indicative of a failure in cognitive control (Lachter, Forster, & Ruthruff, 2004; Yigit-Elliott
etal., 2011).

However, the presence of a flanker effect has also been proposed to be an

indication of appropriate feature selectivity; individuals process the foil precisely
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because it matches the attentional template for the targets in the task (Buetti, Lleras, &
Moore, 2014; Lleras et al., 2014). Thus, the magnitude of the flanker effect might
instead measure failures of spatial inhibition, such as an inability to inhibit task-relevant
information appearing at non-target locations (Max & Tsal, 2015), or an inability to
inhibit the response activation elicited by the flankers (Lleras et al., 2014).

Of particular interest is the finding that distracting, non-emotional foils presented
at fixation result in larger flanker effects and slowed reaction times compared to foils
presented in the periphery (Beck & Lavie, 2005). Inhibiting attention to foils at fixation
might be more difficult than inhibiting attention those in the periphery, resulting in larger
filtering costs compared to peripherally presented distractors. The ability to selectively
filter out information appearing in the periphery is consistent with evidence that the
breadth of attentional space can be narrowed or broadened based on the location of
information in the visual field (Ahmed & de Fockert, 2012; Castiello & Umilta, 1990;

Eriksen & St James, 1986).

Influence of Affective Traits on Selective Attention

Affective traits and states can also influence selective attention (Vuilleumier,
Armony, & Dolan, 2003) and the scope of attention. An early hypothesis linking affect
and attention affirms that symptoms of anxiety, such as high physiological arousal and
negative valence, reduce perceptual attention space (Easterbrook, 1959). This theory
has been extended to include evidence regarding the ways in which affective states
influence stimulus feature processing — for example, that details are processed locally
under negative mood and globally under positive mood (Basso, Schefft, Ris, & Dember,
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1996; Kimchi & Palmer, 1982). Current research also suggests a relationship between
affect and attention such that negative affect (NA) narrows, and positive affect (PA)
broadens the scope of attention (Fredrickson & Branigan, 2005; Fredrickson, 2001;
Friedman & Forster, 2010; Gasper & Clore, 2002; Gasper, 2004). However, several
studies have found little or no effects of PA on attentional broadening in response to
emotional face stimuli (Grol & De Raedt, 2014) and in non-emotional flanker task
paradigms (Bruyneel et al., 2013; Huntsinger, 2013; Huntsinger, 2012).

Several experiments have employed mood induction paradigms to investigate
the relationships between affective state and distracting emotional stimuli (see Yiend,
2010 for a review). Studies of negative mood induction have reported differences in
attention towards (Chepenik, Cornew, & Farah, 2007; Donaldson, Lam, & Mathews,
2007; Farach, Treat, & Jungé, 2014) and difficulty disengaging from negatively-
valenced stimuli (e.g., words, faces; Bradley, Mogg, & Lee, 1997; Morrison & O’Connor,
2008). However, it remains unclear whether these differences are due to stimulus
valence, the induced emotional state, or an interaction between the two. Additionally,
mood induction experiments currently do not consider how affective traits contribute to
attentional broadening or narrowing above and beyond state mood inductions.

Elevated NA is a fundamental characteristic of depression, which is known to
impact several aspects of executive functioning (see Snyder, 2013 for a review),
including inhibition and cognitive control (Joormann & Vanderlind, 2014; Lyubomirsky,
Kasri, & Zehm, 2003; Nolen-Hoeksema & Morrow, 2008). Symptoms of depression also
impact selective attention. For example, individuals with depression show greater
impairments disengaging from negative stimuli (Koster, Raedt, Verschuere, Tibboel, &
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De Jong, 2009), and are more likely to avoid directing their attention towards positive
stimuli (Gotlib, Krasnoperova, Neubauer Yue, & Joormann, 2004; see Joorman &
Vanderlind, 2014 for a review). Higher depression and rumination scores are associated
with increased interference by negative distractors, and with decreased interference by
positive distractors in emotional word flanker tasks (Pe, Vandekerckhove, & Kuppens,
2013; Zetsche & Joormann, 2011). Taken together, these results indicate that
individuals with higher depressive symptoms experience greater interference effects,
especially in the presence of negative emotional stimuli.

On a neural level, it has been reported that in conditions of high perceptual load
and peripheral letter distractors, individuals with unipolar depression showed greater
deactivation of visual cortical regions and less functional connectivity between visual
and fronto-parietal regions compared to non-depressed controls during a pop-out task
(Desseilles et al., 2009). This result provides evidence that individuals with depression
demonstrate abnormal patterns of brain activity during relatively simple attention tasks,
which may negatively impact the deployment of attentional resources for processing
information. Other studies have found that individuals with higher levels of depressive
symptoms demonstrate greater amygdala activation and less activation in dorsolateral
prefrontal cortex— a region thought to be involved with allocation of attention resources
— in response to emotional stimuli (e.g., words, faces) than individuals with lower levels
of depressive symptoms (Crocker et al., 2012; Fales et al., 2008; lordan, Dolcos, &
Dolcos, 2013). These findings suggest that individuals with depressive symptomatology
likely experience greater bottom-up interference from distracting emotional words and

faces than non-depressed individuals.



Despite the wealth of evidence supporting impaired attentional functioning
among individuals with depressive symptoms, few studies to date have incorporated
manipulations of perceptual load into emotional attention paradigms. Note, however,
that there is also evidence of increased vigilance and improved behavioral performance
during non-emotional flanker tasks (Dillon et al., 2015; Rowe, Hirsh, & Anderson, 2007)
and tasks of verbal selection (Snyder et al., 2014) among individuals with depression,
which highlights a discrepancy in the understanding of how depressive symptomatology
impacts selective attention.

It is possible that the increased vigilance and interference effects observed
among individuals with high depressive symptoms might be partially explained by the
impairing effects of co-occurring anxiety on attention. Research has shown that in
conditions of high perceptual load, higher trait anxiety was associated with greater
interference by non-emotional distractors, while under conditions of low and moderate
perceptual load, lower trait anxiety was associated with greater interference (Sadeh &
Bredemeier, 2011). However, it has also been reported that in conditions of low
perceptual load (but not high perceptual load), individuals with high trait anxiety were
slower to identify targets surrounded by incompatible, non-emotional distractors
(Bishop, 2009). This result was coupled with neuroimaging findings that high trait-
anxious individuals showed less activation of the dorsolateral prefrontal cortex in
conditions of low perceptual load with incompatible distractors and targets (Bishop,
2009). Overall, these findings indicate that increased trait anxiety appears to be
associated with disrupted prefrontal activation and behavioral differences in responding

to targets in the face of incompatible foil distractors.
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It is worth mentioning that many studies of anxiety and attention do not
distinguish between types of anxiety, specifically, anxious arousal (AA) or anxious
apprehension (AP), which have been shown to capture two separable dimensions of
anxiety (Nitschke, Heller, Imig, McDonald, & Miller, 2001). AA reflects a more somatic
response to stimuli (i.e., physiological arousal, hypervigilance) (Clark & Watson, 1991;
Watson, Weber, et al., 1995) and is associated with a unique set of symptoms and
neural circuitry (Engels et al., 2010; Heller, Nitschke, Etienne, & Miller, 1997). AP is
characterized by the experience of worry, primarily regarding future outcomes, and is
considered a distinct cognitive process from rumination (Fresco, Frankel, Mennin, Turk,
& Heimberg, 2002; Nolen-Hoeksema, 2008). AP is also associated with activity in set of
neural circuits distinguishable from AA (Engels et al., 2007; Heller et al., 1997; Nitschke
et al., 1999). AA and AP have been shown to modulate the degree to which unexpected
stimuli are noticed during tests of inattentional blindness — for example, it was reported
that high scores of anhedonic depression (AD) in the presence of either high AA or high
AP (but not both) were associated with increased noticing (Bredemeier, Hur,
Berenbaum, Heller, & Simons, 2014). It seems possible that trait AA and AP exert
differential effects on attentional scope in the face of varying perceptual loads and
distractor locations, yet these relationships have not been studied. As depression and
anxiety symptoms commonly co-occur, it seems reasonable to determine whether these

traits, along with trait NA or AD, contribute to moderating the scope of attention.
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The present study employed the modified flanker task used by Beck and Lavie
(2005), in which perceptual load was manipulated by varying the complexity of the
search displays. Set size was held constant during the experiment while perceptual load
was manipulated. This practice reduces possible concerns proposed by dilution theory
(Tsal & Benoni, 2010), which states that changing set sizes alters the degree of dilution
created by the non-target letters. Also, note that the present study only manipulated
perceptual load and not cognitive load (see Lavie, Hirst, de Fockert, & Viding, 2004).

In line with previous findings supporting the relationship between high NA,
attentional narrowing, and greater interference for information in central field of view, it
was predicted that interference would be positively associated with trait NA, particularly
for centrally located foils under conditions of high perceptual load. Second, it was
expected that attentional scope would be narrowed in the presence of increasing trait
NA, as measured by decreased interference by peripheral foils under low perceptual
load compared to individuals with lower trait NA. Finally, because symptoms of
depression and anxiety subtypes are known to co-occur across individuals, exploratory
analyses using linear mixed-effects models were also conducted. More precisely, the
impacts of NA, AD, AA, and AP on low and high perceptual load conditions were
evaluated separately for centrally and peripherally presented foils. As foils appearing at
fixation are always within the attention span in the task, analyses of these conditions
may reveal difficulties in inhibiting the response activated by foils. In contrast, foils
appearing in the periphery might create effects that depend on the size of the breadth of

attention.



2. METHODS

Participants. A power analysis revealed that a sample size of N=153 was
required to obtain a significant correlation of 0.20 with 80% power. The first 153
participants that met the inclusion criteria (listed below) were included in analyses.
Participants were recruited from the University of Illinois at Urbana-Champaign for
course credit. Twenty-eight participants were compensated for their participation in the
present study in lieu of course credit. All of the participants had normal color vision and
normal or corrected-to-normal visual acuity. The final sample submitted to analyses
consisted of 153 participants (58% female) with an average age of 19.4 years (range
18-31). Participants reported their race or ethnicity as White (39.9%), Asian (44.4%),
Latino/a (8.5%), Black (5.9%), or other (1.4%).

Self-report measures. To better evaluate depressive and anxiety trait-like

symptoms, anhedonic depression (AD) and anxious arousal (AA) were distinguished
from anxious apprehension (AP) using scales from the Mood and Anxiety Symptoms
Questionnaire (MASQ, Watson, Clark, et al., 1995; Watson, Weber, et al., 1995). This is
in line with previous research supporting the distinction and utility of these scales in
capturing dimensions of depression and anxiety (Bredemeier et al., 2010; Nitschke et
al., 2001). Furthermore, depression is characterized by the unique presence of low PA
in concert with high NA (Clark & Watson, 1991). Thus, the AD scale was decomposed
into an 8-item NA subscale and a 14-item PA subscale, based on previous research
that confirms the relationship between these factors (Nitschke et al., 2001; Bredemeier
et al., 2010). Items in the NA subscale include “Felt withdrawn from other people,” and
“Felt like nothing was very enjoyable.” ltems in the PA subscale include “Felt optimistic,”
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“Felt like | had a lot of energy.” The PA items are typically reverse-scored, but for the
analyses presented here, raw scores were used such that low scores reflected low PA.
Item 38 of the MASQ (“thought about death or suicide”) was not administered. Thus, the
AD score reflects the sum of 21 items and the NA subscale the sum of 7 items. Last,
personality traits were assessed using a 50-item scale constructed from the
International Personality Item Pool (IPIP; Goldberg et al., 2006), which is closely aligned
with the Five Factor Model of personality traits (Costa & McCrae, 1992). Specific
personality factors assessed include trait Extraversion, Agreeableness, Emotional
Stability, Intellect and Imagination, and Conscientiousness, although these data were
not evaluated in the present study. The final sample consisted of 83 participants who
received the Google version of the questionnaires, and 70 participants who completed
the measures in E-Prime and did not meet the exclusion criteria below for missing data.
Values for any missing items among included participants were interpolated using the
subscale average.

The Penn State Worry Questionnaire (PSWQ; Meyer, Miller, Metzger, &
Borkovec, 1990) was administered to assess trait anxious apprehension (AP; Brown,
Antony, & Barlow, 1992). Note that the MASQ-AA and PSWQ have been established as
complimentary scales that capture two separable dimensions of anxiety (Nitschke et al.,
2001). While the use of these measures does not confer clinical diagnoses, research
indicates that these measures are relatively accurate at distinguishing individuals with
depression and/or anxiety from healthy individuals (Nitschke et al., 2001; Bredemeier et

al., 2010; Fresco et al., 2003). The use of multiple symptom measures also supports a
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dimensional framework for understanding symptoms that tend to co-occur across
diagnoses, as in depression and anxiety.

Exclusion criteria. Participants were removed if accuracy at the Flanker task was

below 70% (N = 18). Participants were also removed if they (accidentally or voluntarily)
skipped more than one item on subscales of the MASQ and PSWQ (N = 25), and on the
trait Extraversion, Emotional Stability, or Conscientiousness subscales from the IPIP
(N=26; data not reported here). The reason why so many participants failed to respond
to one or more items is because the Self-report measures were initially administered
electronically using the E-Prime 2.0 software (“E-Prime,” 2012). Participants were
instructed to press the space bar to advance to the next item. As the computer program
was not waiting for a number to be entered before advancing, this caused some
participants to inadvertently (or perhaps voluntarily) skip items on the self-report
measures. Missing more than one item on subscales of the MASQ, PSWQ, or trait
scales from the IPIP may threaten the internal reliability of individual subscale scores,
which explains the exclusion criteria above.

Stimuli and Apparatus. The experiment was run on a PC, using Matlab, and

programmed in the Psychophysics Toolbox, version 3 (Brainard, 1997; Pelli, 1997).
Stimuli were presented on a 20-inch CRT monitor with a 1024x768 resolution. The
viewing distance for stimuli was 50cm, and participants were stabilized by a chinrest to
ensure consistency across the experiment.

Stimuli were shown in light grey and were presented on a black background. All
letters were presented in font type “Arial” and the target and distractor letters suspended
0.54° (vertically) while the foil distractor suspended 0.67° (vertically) of visual angle. The
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foil appeared 1.3 times larger than target and distractor letters. Each trial began with a
small fixation circle on the center of the screen, which subtended 0.23 degrees of visual
angle, and was followed by a search display of letters positioned in the form of a circle
with a radius of 2 degrees. The search display contained five of six possible non-target
letters (S,K,V,J,R, or Os), and one target letter (X or N). In addition, a foil (X or N) was
also presented on the display. The foil was presented either in the periphery (3.5
degrees to the left or the right of fixation) or at fixation. Compatible trials occurred when
the target and foil letters matched; incompatible trials occurred when the target and foll
letter did not match.

Procedure. All participants completed the self-report measures on a computer
before starting the flanker task. During the flanker task, a fixation circle was displayed
on the center of the screen for 2000ms at the start of each trial. Then, the circular
search display (containing the target and non-target letters) and the foil were then
presented for 200ms. Participants were asked to search for the target letter (X or N) on
the circular display of letters while ignoring the peripheral or central foil. The target letter
could appear at any position on the circle. Participants reported the identity of the target
letter with the right or left arrow keys, using the right and left index fingers. In low
perceptual load conditions, the non-target letters were all homogeneous (i.e., they were
all Os, Figure 1). In high perceptual load conditions, the non-target letters were
heterogeneous (S, K, V, J, R, Figure 1). The foil was always an X or N.

Design. Participants first completed a practice block of 96 trials and then two
experimental blocks of 288 trials each (576 trials total). Assignment of each target letter

to the response keys was counterbalanced across participants. One block of trials
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contained foils presented at fixation, and another block of trials contained foils
presented in the periphery. The presentation of these blocks was counterbalanced
across participants. Four experimental conditions were then counterbalanced within
each block: (1) low perceptual load display with incompatible foil; (2) low perceptual
load display with compatible foil; (3) high perceptual load display with incompatible foil;

(4) high perceptual load display with compatible foil.
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Figures
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Figure 1. Example of displays (not drawn to scale) with central foils (top panel) and peripheral foils
(bottom panel). Participants were asked to search for the letter X or N among the non-target letters on the
circle while ignoring the foil. Examples of low and high perceptual load conditions and incompatible trials

are depicted.
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3. RESULTS

All raw scores from questionnaire data were transformed into Z scores. The
MASQ-AD scale was split into two subscales: a 7-item negative affect (NA) and 14-item
positive affect (PA) scale to examine the effects of these subscales on the level of
flanker interference. RTs that were £+ 2SD from each participant’s average RT for
correct trials were truncated. The level of interference (i.e., flanker effect) was
calculated by subtracting the reaction time for compatible trials from incompatible trials
on correct trials only (8.4% of trials were excluded). Table 1 shows the means and
standard deviations of the flanker effect in all four interference conditions (Low Load
Central; High Load Central; Low Load Peripheral; High Load Peripheral) and the

affective trait scales.

Analyses of the Flanker Effect

To verify that the manipulations of load and distractor location were successful,
repeated-measures ANOVA was conducted with load and location as within-subjects
factors. The results indicated significant main effects of load, F(1,152) = 15.5, p <.001,
wpz = 0.086, and foil location, F(1,152) = 87.4, p < .001, pr = .359, confirming previous
findings in the literature. Interference was greater in conditions of low perceptual load
compared to high perceptual load, and also in trials with central foil distractors
compared to peripheral distractors. The load by location interaction was not significant,
F(1,152) = 0.273, p = 0.602.

Following the first hypothesis, the relationship between trait NA and flanker
interference under conditions of high perceptual load with central foils was tested.
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Bivariate correlations indicated that the NA subscale was not significantly correlated
with any of the interference variables (Table 2; all rs < 0.2, all ps > 0.1). Results of
regression analysis indicated that the NA subscale did not significantly predict
interference for High Load Central, R2= .002, F(1,151)=.001, p=.98, B = -.11.
Regression analyses using the full AD score also did not significantly predict
interference for High Load Central condition, R?=.004, F(1,151)=.63, p=.43, 3 =3.87.

The second hypothesis tested was that attentional scope would decrease with
higher NA, as evidenced by decreased interference scores in conditions with peripheral
foils under conditions of low perceptual load. Results of regression analysis indicated
that the NA subscale did not significantly predict interference for Low Load Peripheral,
R%< .001, F(1,151)=.009, p=.92, B = -.008. Regression analyses using the full AD score
also did not significantly predict interference for Low Load Peripheral, R%< .001,

F(1,151)=.048, p=.83, 8 = -.018

Exploratory Analyses

Linear mixed-effects models were used to test the impacts of NA, AD, AA, and
AP on low and high perceptual load conditions. This was done separately for central
and peripheral foils using the ‘Ime’ function in RStudio (version 0.99.902,

http://www.rstudio.com). A total of 16 models were evaluated and maximum-likelihood

selection was used to identify the model of best fit. Model 1 consists of the simple main
effect of Load, which is the typical effect analyzed in the literature. Models 2-5 evaluated
the interaction between perceptual load and combinations of anhedonic depression
(AD) and anxiety (AA and AP) to investigate the role of these components in modulating
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flanker interference; Models 6-9 evaluate the interaction between Load and
combinations of negative affect (NA) and anxiety (AA and AP); Models 10-13 evaluate
the interaction between positive affect (PA) and anxiety (AA and AP); Models 14-16
evaluate the interaction between Load and combinations of anxiety (AA, and PA).

For each set of models (Models 1, 2-5, Models 1, 6-9. Models 1,10-13, and
Models 1,14-16), the best fitting model was identified as the model with the highest
Akaike weights (Wmoder) computed from AIC values (Wagenmakers & Farrell, 2004).
Evidence ratios were computed within each subset of models (Models 2-5, 6-9, 10-13,

and 14-16, e.g., Snipes & Taylor, 2014) by dividing the Akaike weight of best fitting

model by the weight of each remaining model in the subset, (%) (Wagenmakers &

Farrell, 2004). This step verifies the strength of the evidence from the Akaike weights in
favor of one model over another. Normalized probabilities were then computed between

individual models and the best model within each group of models, so as to quantify the

Whest

likelihood that the preferred model was the best fit, (W -
best i

) (Wagenmakers & Farrell,

2004). Likelihood ratios (LR) were also calculated to indicate whether a model that
includes affective traits is preferred over the reduced model (i.e., Model 1) by
subtracting the -2(log) likelihood of the reduced model from the -2(log) likelihood of the
model of interest. Tables 3 and 4 report the results of model selection and the computed
statistics. Finally, ANOVA was conducted in RStudio with the best fitting models to
understand the impact of perceptual load and affective traits on Flanker interference.
Only the significant statistics including the interactions between perceptual load and
affective traits are discussed below (though all statistics are provided in Table 5),
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because these tests are theoretically relevant to answer the question of whether
affective traits modulate flanker interference.

Results for Central foils: For Models 2-5, the model including the interaction
between Load, AD, and AA (Model 3) was the best fit among all models including
affective traits (wsaic) = 0.389). The normalized probability values also indicated that
Model 3 was 62% more likely than a simpler model including the interaction between
Load and AD (wzaic) = 0.235) and 54% more likely than Model 1 (w1(aicy) = 0.338, LR=
12.3) to be the best fitting model. For Models 6-9, the model including the interaction
between Load, NA, and AA (Model 7) was the preferred model among all models
including affective traits (w7ic) = 0.455). Normalized probability values indicated that
Model 7 was 87% more likely than a simpler model including the interaction between
Load and NA (wesicy = 0.07). When compared to Model 1, Model 7 was 55% more
likely to be the best fitting model (w1(aic) = 0.459, LR=12.0).

ANOVA with Model 3 (Load by AD by AA) and Model 7 (Load by NA by AA)
indicated a significant interaction between Load, AD, and AA, F(1,149)=4.74,p =
0.031, w,” = .024, and between Load, NA, and AA, F(149) = 7.04, p = 0.009, w,” = .038.
The interaction between AD and AA (Fig. 2a), and between NA and AA (Fig. 2b)
showed similar effects on performance: affective traits only impacted performance
under high load conditions and not under low load conditions.

To better understand this pattern of results and quantify the magnitude of the
effects, multiple regression analyses were conducted (Table 6) and interaction plots
were generated (Figure 3). Interaction plots were created using simple slopes analyses
according to previously established methods (Aiken & West, 1991; Dawson & Richter,
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2006). Unstandardized regression coefficients from each model tested were used to see
how the interference at high load varied at different combinations of low and high trait
scores. Scores that are considered “low” or “high” (Figure 3a, b) refer to scores that are
+ 1 SD.

A multiple regression model including NA, AA and their interaction to predict
interference in High Load Central trials was significant, explaining 5.3% of the variance
in interference, and the NA x AA interaction term significantly predicted interference
(Fig. 3a). Multiple regression analysis predicting interference in High Load Central trials
with AD, AA, and their interaction indicated that the full model explained 4.6% of the
variance, reaching trend-level significance. The interaction of AD and AA significantly
predicted interference (Fig. 3b). In both panels of the interaction plots, a similar pattern
emerged whereby the presence of high AA resulted in increased interference in the
presence of low NA or low AD, and decreased interference in the presence of high NA
or high AD. Regression analyses with both models did not significantly predict
interference in the Low Load Central condition.

For Models 10-13, the model including the interaction between Load and PA
(Model 10) was the best fit among all models including affective traits (W1oaic) = 0.455).
Normalized probability values indicated that Model 10 was 79%, 90%, and 99% more
likely than Models 11-13, respectively, to be the best fitting model. Note that Models 11-
13 consist of interaction terms between PA, AA, and AP. The evidence ratio for Model
10 indicated that it was 1.2 times more likely than Model 1 to be the best fitting model
(W1aicy = 0.372, LR=4.4). ANOVA with Model 10 indicated a significant interaction
between Load and PA, F(1,151) = 4.38, p = 0.038 Under conditions of high perceptual
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load, interference was negatively associated with PA, whereas under conditions of low
perceptual load, interference was positively associated with PA (Figure 4).

Finally, for Models 14-16, there was no best fitting model (W14(aic) = 0.138, wis(aic)
= 0.141, wisaic) = 0.121), and the normalized probabilities indicated that Model 1 was
81% more likely than Models 14 and 15 and 83% more likely than Model 16 to be the
best fitting model.

Results for peripheral foils: None of the sets of models tested were more

parsimonious than Model 1, so no further analyses were conducted.
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Figures and Tables

Table 1. Descriptive statistics

M (SD)
Low Load 73.6 (51.7)
Central
High Load 61.5 (59.8)
Central
Low Load 36.9 (44.6)
Peripheral
High Load 21.4 (50.0)
Peripheral
AA 39.8 (6)
AD 44.4 (17.8)
AP 52.4 (14)
NA 15.6 (3.59)
PA 46.1 (11.7)

Table 2. Correlations of Flanker effect as a function of Load (high vs. low) and Location (central
vs. periphery with trait measures.

Low Load High Load Low Load High Load

Central Central Peripheral Peripheral
AD -.105 .065 -.018 .021
AA .073 .064 -.021 .028
AP .033 .079 125 127
NA -.04 -.002 -.008 .001
PA 115 -.081 .02 -.027

* p <.05 (2-tailed)
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Table 3. Maximum likelihood comparisons among linear mixed effects models of flanker
interference in trials with central foil distractors. The best fitting model for each subset of models
is presented in boldface. ER values indicate the strength of evidence for the preferred model
over others; N Pr values indicate the normalized probability that the preferred model provides
the best fit. LR values compare models with affective traits to Model 1.

Model Model Selection
Statistics
Fixed effects df AlC LL BIC Wi ER; N Pr LR
(AIC)
flanker~Load 5 3320.4 -1655.2 3339.0 .338 115 535 .00
2 flanker~Load* AD 7 3321.1 -1653.6 3347.2 166 .624 3.28
.235
3 flanker~Load* AD* AA 11 3320.1 -1649.1 3361.1 .389 1.00 12.3
4 flanker~Load* AD* AP 11 33249 -1651.5 3365.9 .036 10.8 916 7.52

flanker~Load* AD* AA* AP 19 3330.7 -1646.4 34015 .002 199 995 17.7

1 flanker~Load 5 33204 -1655.2 3339.0 459 1.00 .501 .00
6 flanker~Load* NA 7 33242 -1655.1 3350.3 .070 6.60 .868 .232
7 flanker~Load* NA* AA 11 3320.4 -1649.2 33614 .461 1.00 12.0
8 flanker~Load* NA* AP 11 3329.0 -1653.5 3370.0 .006 729 .986 3.43
9 flanker~Load* NA* AA*AP 19 3330.2 -1646.1 3401.0 .003 135 993 18.2
1 flanker~Load 5 33204 -1655.2 3339.0 .373 1.22 550 .00
10 flanker~Load* PA 7 3320.0 -1653.0 3346.1 .455 1.00 4.40
11 flanker~Load* PA* AA 11 3322.7 -1650.3 3363.7 .119 381 .792 9.73
12 flanker~Load* PA* AP 11 33244 -1651.2 3365.3 .052 875 .897 8.06

13 flanker~Load* PA* AA* AP 19 3332.1 -1647.1 34029 .001 421 998 16.3

1 flanker~Load 5 33204 -1655.2 3339.0 .599 1.00 .00
14 flanker~Load* AA 5 33234 -1654.7 33494 138 433 .813 1.07
15 flanker~Load* AP 11 3323.3 -1654.7 33494 141 425 810 1.06
16 flanker~Load* AA* AP 11 33236 -1650.8 3364.6 .121 494 832 8.80

df: degrees of freedom; AIC: Akaike Information Criteria; LL: -2log likelihood; BIC: Bayesian Information Criteria;
w;(AIC): Akaike weights; ER;: Evidence Ratio; N Pr: Normalized Probability; LR: Likelihood Ratio
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Table 4. Maximum likelihood comparisons among linear mixed effects models of flanker
interference in trials with peripheral foil distractors. The best fitting model for each subset of
models is presented in boldface. ER values indicate the strength of evidence for the preferred
model over others; N Pr values indicate the normalized probability that the preferred model
provides the best fit. LR values compare models with affective traits to Model 1.

Model Model Selection
Statistics
Fixed effects df AIC LL BIC Wi ER; N Pr LR
(AIC)
1 flanker~Load 5 3222.2 -1606.1 3240.9 .851 1.00 .00
2 flanker~Load*AD 7 32261 -1606.0 32521 .125 6.79 .872 .169
3 flanker~Load* AD* AA 11 32328 -16054 3273.7 .004 195 995 1.46
4 flanker~Load* AD* AP 11 3229.8 -1603.9 3270.8 .019 445 978 4.41
5 flanker~Load* AD* AA* AP 19  3240.2 -1601.1 3311.0 .000 8022 1.00 10.0
1 flanker~Load 5 3222.2 -1606.1 32409 .824 1.00 .00
6 flanker~Load* NA 7 3226.2 -1606.1 32523 112 7.36 .880 .010
7 flanker~Load* NA* AA 11 3231.7 -1604.9 3272.7 .007 114 991 2.53
8 flanker~Load* NA* AP 11 32276 -1602.8 3268.6 .056 14.7 .936 6.62
9 flanker~Load* NA* AA*AP 19 3238.8 -1600.4 3309.5 .000 3919 1.00 115
1 flanker~Load 5 3222.2 -1606.1 32409 .844 1.00 .00
10 flanker~Load* PA 7 3226.0 -1606.0 32521 .129 6.53 .867 .247
11 flanker~Load* PA* AA 11 3233.3 -1605.6 3274.2 .003 248 996 975
12 flanker~Load* PA* AP 11 32296 -1603.8 3270.6 .021 395 975 465

13 flanker~Load* PA* AA*AP 19 3235.0 -1598.5 3305.8 .001 500 998 15.2

1 flanker~Load 5 32222 -1606.1 32409 .484 1.00 .00
14 flanker~Load* AA 7 3226.0 -1606.0 3252.0 .074 6.58 .868 .278
15 flanker~Load* AP 7 32224 -1604.2 32485 428 1.13 531 3.80
16 flanker~Load* AA* AP 11 32293 -1603.6 3270.2 .014 346 972 496

df: degrees of freedom; AIC: Akaike Information Criteria; LL: -2log likelihood; BIC: Bayesian Information Criteria;
w;(AIC): Akaike weights; ER;: Evidence Ratio; N Pr: Normalized Probability; LR: Likelihood Ratio
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Table 5. Results of ANOVA for the best fitting models

Model F p Partial w’*  df df,
3 Intercept 335 <.001 .689 1 149
Load, AD, AA Load 5.55 .020 .029 1
Central foils AD .045 .832 -.006 1

AA 1.21 274 .001 1

AD * AA 2.82 .095 .012 1

Load *AD 3.28 .072 .015 1

Load * AA 134 .715 -.006 1

Load *AD * AA 4.74 .031 .024 1
7 Intercept 337 <.001 .690 1 149
Load, NA, AA Load 5.52 .020 .029 1
Central foils AA 176 187 -.005 1

NA .088 767 -.006 1

AA * NA 2.86 .093 .012

Load * AA .034 .853 -.006 1

Load * NA 147 .702 -.005 1

Load * NA* AA 7.05 .009 .039 1
10 Intercept 3314 <.001 .680 1 151
Load, PA Load 5.49 .020 .029 1
Central foils PA .021 .884 -.006 1

Load * PA 4.38 .038 .022 1
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Table 6. Regression analyses predicting interference under high perceptual load and central

foils.
B SE(B) B t p R? F df Overall
p
Model 1
Constant 63.6 4.85 13.1 <.001 .046 238 3,149 .072
AD 295  4.89 049 603 547
AA 6.79  5.10 113 1.33 186
AD * AA -10.1 4.1 -206  -2.47 015
Model 2
Constant 66.5 5.14 13.0 <.001 .053 279 3,149 .043
NA -264 545  -004 -.048 .960
AA 7.94 550 133 1.44 150
NA * AA 115 419  -231 -2.74 .007

Figure 2. Scatter plot showing the interactions of perceptual load by negative affect (NA) by
anxious arousal (AA) (a), and load by anhedonic depression (AD) by AA (b) for central foil trials.
Correlation coefficients between the interaction terms and interference condition are shown in

each panel.
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Figure 3. Interaction of NA, AA under high perceptual load with central foils (a) and the
interaction of AD, AA in high perceptual load with central foils (b)
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Figure 4. The interaction between positive affect (PA) score and perceptual load for trials with
central foils
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4. DISCUSSION

In the present study, it was predicted that for central foils, interference would be
positively associated with trait NA or AD under conditions of high perceptual load.
Second, it was expected that for peripheral foils, attentional scope would be narrowed in
the presence of increasing trait NA or AD under conditions of low perceptual load.
Overall, the results reported here indicate that, considered individually, neither negative
affect nor anhedonic depression modulated the level of interference resulting from
central or peripheral foils.

The goal of the exploratory analyses was to investigate whether combinations of
affective traits play a role in modulating interference effects. For central foils, the linear
mixed-effects model comparisons revealed that indeed, anhedonic depression and
anxious arousal interacted to affect interference under conditions of high perceptual
load. Specifically, interference was increased among individuals with higher levels of
one trait (e.g., high anhedonic depression or high anxious arousal), suggesting that after
processing the high perceptual load display, additional attentional resources were
available to process the central foil. Alternatively, it is possible that features unique to
either anxious arousal (e.g., hypervigilance) or anhedonic depression (e.g., negative,
self-referential thoughts) might have enhanced individuals’ ability to orient towards the
entire task display, including the foil. Such enhancement may be indicative of attentional
biases (e.g., priming, threat evaluation) for the foil and target letter stimuli (Donaldson et
al., 2007; Yiend, 2010). Additionally, symptoms of depression and anxiety have been
associated with deficits in attentional control (e.g., Dillon et al., 2015; Sadeh &
Bredemeier, 2011), so increased interference in the presence of higher levels of
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anhedonic depression or anxious arousal might have reflected poor attentional control
in the face of central foils.

In contrast, individuals with high levels of both traits (e.g., high anhedonic
depression and high anxious arousal) experienced less interference under conditions of
high perceptual load. The results were very similar when negative affect was combined
with anxious arousal and overall were not expected. Interestingly, previous research
suggests that children and adolescents with comorbid depression and anxiety lack an
attentional bias for emotional information (i.e., faces) that was observed in depression
and anxiety alone (Hankin, Gibb, Abela, & Flory, 2010). It is possible that the interaction
between high levels of these traits in predicting interference for non-emotional foil
stimuli captures a similar effect, albeit among young adults without clinical diagnoses.

Regarding models for central foils including positive affect, the analyses reported
here also indicated that positive affect alone interacted with perceptual load to predict
interference. Specifically, it was found that in the presence of central foils, positive affect
differentially impacted the effect of perceptual load on performance: when load was low,
interference was positively associated with positive affect, whereas when load was high,
interference was negatively associated with positive affect (see Figure 4). The results
suggest that positive affect might have a slight impairing effect on the ability to
selectively filter foils presented at fixation under conditions of low perceptual load.
Whereas negative affective traits impact interference under high perceptual load
conditions only, positive affect seems to impact interference with both high and low
load. Taken together, the findings reported here suggest that the presence of high

levels of anxious arousal, anhedonic depression, negative affect, or positive affect have
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the ability to alter the typical effect of perceptual load on attentional processes. Little
research to date has examined the effects of co-occurring affective traits in the context
of selective attention, and future studies should consider investigating which specific
attentional biases or attentional control mechanisms contribute the most to interference
in Flanker task paradigms.

Another important consideration in parsing the effects of affect on attentional
processing relates to ways in which affective traits are measured. Affect is often
measured along the dimensions of arousal (low, high) and valence (positive, negative),
though recent research suggests the value in considering motivational intensity (e.g.,
approach, avoidance) as comprising a third dimension of affect (Harmon-Jones, Gable,
& Price, 2013). Approach and avoidance motivational tendencies have been implicated
in research of temperament and personality traits, as well as traits associated with
psychopathology (e.g., positive and negative emotionality, Elliot & Thrash, 2002).

Recent work suggests that the intensity of trait approach motivation (e.g., low,
high) is key to understanding the relationships between affect and attentional scope
(Gable & Harmon-Jones, 2008; Gable & Harmon-Jones, 2010; Harmon-Jones, Gable, &
Price, 2011, 2012). In one particular study, it was demonstrated that negative affect that
is low in motivational intensity (e.g., sadness) broadens attentional scope, and negative
affect that is high in motivational intensity (e.g., anger) narrows attentional scope (Gable
& Harmon-Jones, 2010). This finding might help explain the result in the present study
that neither high negative affect nor anhedonic depression scores were directly
associated with attentional narrowing. For example, the MASQ-AD scale items assess

sadness, apathy, and loss of pleasure, which represent affective states or traits that are
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low in approach motivation and might facilitate attentional broadening instead of
narrowing. Such considerations of motivational intensity may also explain some of the
results observed in experiments that used negative mood induction paradigms and
warrant future investigation.

As the lifetime prevalence of a mood disorder is 20.8% (Kessler et al., 2005),
non-clinical researchers should be increasingly aware that variation in task performance
within general participant samples might be confounded by the presence of trait
affective patterns or symptoms that may be indicative of psychological distress. These
considerations are likely novel and unfamiliar to researchers from other fields within
psychology. Without an adequate knowledge of symptom variation or the trait models of
mood disorders, the potential for researchers to misinterpret data and make incorrect
assumptions about attentional processing within groups increases. Thus, the need for
psychometrically sound methods for evaluating and distinguishing trait behaviors and
symptoms related to mood and anxiety disorders within study populations is significant.
Fortunately, the development and extension of trait assessments of negative and
positive affect and approach-avoidance motivation provides an ample starting point for
these endeavors, provided researchers are willing to accept the importance of these
discussions concerning affective traits within their own selective attention paradigms.
Limitations

There are a few limitations in the present study that should be noted. First, the
sample was limited to college students, and continuing to test paradigms of selective
attention with older adult populations would add to the understanding of how attentional

scope varies in the presence of affective traits across adulthood. Also, it is unknown
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whether any participants in the present study had clinical diagnoses of depression
and/or anxiety, or other disorders (e.g., personality, substance use disorders), which
limits the conclusions that can be drawn from measures of depression and anxiety on
performance. Participants were not screened for medication use, which may also impact
attention abilities. Future studies should consider including individuals with known
diagnostic status to increase understanding of how trait affect influences attentional
scope. Additionally, measures of approach/avoidance motivation (e.g., BIS/BAS, Carver
& White, 1994) were not included in the current study. The ability to understand affect
across the three proposed dimensions of arousal, valence, and motivation might result
in a more accurate depiction of how affective traits impact selective attention.

In conclusion, the present study utilizes a multivariate assessment of trait affect
across several distinct dimensions of psychopathology in a sample of undergraduates
who were not selected for particular affective trait expressions. The emphasis on using
trait affective measures in a non-clinical sample may allow researchers to identify
“‘baseline” levels of attention processing without the use of mood induction paradigms.
The use of the flanker paradigm reported here utilized non-emotional stimuli, thus
removing potential confounds related to attentional biases for negatively-valenced
information that also appears among individuals with higher levels of depression or
anxiety symptoms. That interactions were observed between various affective traits in
predicting the level of interference in under high perceptual load with central foils
suggests that samples similar to the one reported here are actually quite diverse

regarding trait presentation and attentional processing abilities.
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