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Abstract

Despite many studies on the age-related positivity effect and its role in visual attention,
discrepancies remain regarding whether one’s full attention is required for age-related differences
to emerge. The present study took a new approach to this question by varying the contextual
demands of emotion processing. This was done by adding perceptual distractions, such as visual
and auditory noise, that could disrupt attentional control. Younger and older participants viewed
pairs of happy—neutral and fearful-neutral faces while their eye movements were recorded. Facial
stimuli were shown either without noise, embedded in a background of visual noise (low, medium,
or high), or with simultaneous auditory babble. Older adults showed positive gaze preferences,
looking toward happy faces and away from fearful faces; however, their gaze preferences tended
to be influenced by the level of visual noise. Specifically, the tendency to look away from fearful
faces was not present in conditions with low and medium levels of visual noise, but was present
where there were high levels of visual noise. It is important to note, however, that in the high-
visual-noise condition, external cues were present to facilitate the processing of emotional
information. In addition, older adults’ positive gaze preferences disappeared or were reduced when
they first viewed emotional faces within a distracting context. The current results indicate that
positive gaze preferences may be less likely to occur in distracting contexts that disrupt control of
visual attention.
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It has been widely observed that older adults, compared to younger adults, are more attuned
to positive than negative information (for reviews, see Reed & Carstensen, 2012; Reed,
Chan, & Mikels, 2014). This phenomenon is called the positivity effect (Carstensen &
Mikels, 2005; Mather & Carstensen, 2003), and it has been documented in relation to
attention and memory tasks across a wide range of stimuli, including emotional faces and
images, word lists, advertising slogans, and health-related messages (for reviews, see Kryla-
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Lighthall & Mather, 2009; Isaacowitz & Noh, 2011; Reed & Carstensen, 2012, but cf.
Griihn, Smith, & Baltes, 2005).

A number of studies using eye tracking to assess real-time visual attention have
demonstrated age-related positive looking (gaze) preferences (Isaacowitz & Choi, 2011,
Isaacowitz, Wadlinger, Goren, & Wilson, 2006a, 2006b; Nikitin & Freund, 2011). For
example, Isaacowitz et al. (2006a, 2006b) presented emotional and non-emotional (neutral)
synthetic faces to younger and older adults and assessed their gaze preference patterns by
comparing the proportion of fixation on positive and negative versus neutral faces. Results
from these two studies revealed that older adults showed a looking preference toward
positive (happy) faces and away from negative faces (angry and sad). Younger adults, on the
other hand, showed no preference or a slight preference for looking at negative (fearful)
faces. In a similar study with real faces expressing emotions of anger, happiness, and
neutrality, age was negatively related to gaze preference for angry faces: older adults looked
less frequently and for shorter durations at angry faces than younger adults (Nikitin &
Freund, 2011). Complementary evidence for such an age difference in gaze preferences has
also been reported by researchers utilizing mood-disrupting images. Older adults spent less
time looking at the most negative areas of images than younger adults (Isaacowitz & Choi,
2012; Noh, Lohani, & Isaacowitz, 2011). This effect persisted even after participants had
been instructed to focus on the negative regions of the stimuli (Isaacowitz & Choi, 2011).
These positive gaze preferences seem strongest when emotional goals become salient to
older adults. However, in a few available studies examining downstream effects of gaze on
mood, older adults displayed positive gaze preferences, especially when in a bad mood,
while younger adults showed mood-congruent gaze patterns (Isaacowitz, Toner, Goren, &
Wilson, 2008; Noh et al., 2011).

The main conceptual framework used to explain such positivity biases in cognition has been
socioemotional selectivity theory (SST; Carstensen, 2006; Carstensen, Isaacowitz, &
Charles, 1999). According to SST, the perspective of a more limited future leads older adults
and others facing similar time constraints to prioritize goals related to emotional experiences
over other goals that might produce delayed benefits at the expense of current affective
experience. Consequently, older adults are more motivated to pursue goals related to
emotional satisfaction, leading them to pay more attention to positive relative to negative
information (e.g., Mather & Carstensen, 2005; Reed & Carstensen, 2012). Because this
positivity effect reflects emotional goals and implementing such goals requires sufficient
cognitive control, SST posits that the positivity effect depends upon the availability of
cognitive resources (e.g., Knight et al., 2007; Kryla-Lighthall & Mather, 2009; Reed &
Carstensen, 2012). Support for this prediction came from Mather and Knight (2005), who
found that a positivity effect in a task assessing memory for emotional pictures only
emerged for older adults with better scores on tests of attentional control. In a follow-up
study, when Mather and Knight (2005) manipulated attention during picture encoding, the
positivity effect found in a full-attention condition was reversed when older adults were
forced to divide their attention with a simultaneous tone-detection task. With divided
attention, older adults were more likely to recall negative pictures than younger adults.
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This study assessed the role of attentional control play in age-related positive gaze
preferences. A few studies have examined whether the full control of visual attention is
necessary for age-related differences and a positivity effect to emerge, however, results have
been mixed. It remains unclear whether disrupting control of visual attention will interfere
with the positive gaze preferences typically observed in older adults (Allard & Isaacowitz,
2008; Allard, Wadlinger, & Isaacowitz, 2010; Knight et al., 2007).

Age-related Positive Gaze Preferences and Attentional Control

Two previous eye-tracking studies have examined the role of attentional control in the
positivity effect by assessing how age-related positive gaze preferences are affected by dual-
task constraints. Knight et al. (2007) found a similar pattern to that of Mather and Knight
(2005, Experiment 2) regarding visual attention. Older adults showed a higher proportion of
fixations directed toward positive than negative stimuli when each was paired with neutral
stimuli in the full attention condition. This pattern was reversed in the divided-attention
condition, in that older adults were more likely to fixate on negative than positive stimuli.
Based on these findings, Knight et al. (2007) concluded that older adults’ positive gaze
patterns are more likely to reflect goal-directed processing in the context of full attention
and that use of gaze “as a tool of motivation requires cognitive effort” (p. 712). In contrast,
Allard and Isaacowitz (2008) found no evidence of the link between attentional control and
positive gaze preferences. Unlike Mather and Knight (2005, Experiment 2) and Knight et al.
(2007), who assessed dual-task performance using a between-subjects design, Allard and
Isaacowitz (2008) utilized a within-subjects design to examine how an individual fixates on
emotional stimuli without distraction. This allowed for comparison of the data with regard to
how the same individual fixates when his or her attention is divided. Allard and Isaacowitz’s
(2008) participants were presented with positive, negative, and neutral images, and fixation
percentage was assessed by measuring the amount of time one’s gaze was fixated on the
central emotional part(s) of each image relative to any other part of the image. Older adults
demonstrated greater fixation on positive and neutral images compared to negative images,
regardless of whether emotional images were presented in the full- or divided-attention
conditions, the latter of which involved performing a simultaneous auditory lexical decision-
making task.

At first glance, the discrepant results between these studies appear to challenge the notion
that full control of visual attention—in other words, an environment free from distraction—
is required for the positivity effect to emerge. However, such inconsistent findings could be
due, at least in part, to methodological differences. One difference may be the different
assessments of dual-task performance and the different measurements of visual fixation. For
example, in the study by Knight et al. (2007), the secondary task was presented for a longer
duration than in the study by Allard and Isaacowitz (2008) (6 s versus 2 s). Therefore, the
reversal of the positivity effect observed by Knight et al. (2007) could be due to the greater
demand for attentional control processes incurred by the secondary task for older adults
(they were less able to direct their attention in a goal-consistent manner). However, the fact
that some older adults displayed the positivity effect in Allard and Isaacowitz’s (2008) study
suggests that displaying positive gaze preferences may not require the full control of visual
attention. Indeed, in another study in which participants were asked to view emotional
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stimuli, there was no evidence that increased pupil dilation (a psychophysiological measure
of attentional control) was associated with positive gaze preferences in older adults (Allard,
Wadlinger, & Isaacowitz, 2010).

Taken together, the existing literature seems to suggest that older adults may exhibit positive
gaze preferences with certain forms of attentional distractions. However, in the
aforementioned studies, the role of attentional control in positive gaze preferences was
assessed within an implicit regulatory context (i.e., viewing emotional material naturally
without explicit instructions for deliberate emotion regulation). Consequently, one may
argue that it is not clear whether positive gaze preferences actually reflect more positive
emotional regulation goals for older adults. Although older adults are especially likely to
utilize positive gaze as a regulatory tool when they are motivated to improve their bad mood
(Isaacowitz et al., 2008; Noh et al., 2011), the positivity effect and later mood outcomes are
not always causally linked (Isaacowitz, 2012; Isaacowitz & Blanchard-Fields, 2012).
Despite this caveat, literature from the fields of aging and emotion regulation suggests that
one type of regulatory strategy preferred by older adults appears to be attentional
deployment, which involves directing one’s attention toward or away from particular aspects
of emotional stimuli (Gross, 1998; Urry & Gross, 2010). Attentional deployment may be
reflected in the positive gaze preferences displayed by older adults.

Given that age-related declines in cognitive resources are common, Urry and Gross (2010)
suggested that older adults become more selective and optimize particular emotion-
regulation strategies that can compensate for age-related losses in cognitive resources.
Attentional deployment relies less on cognitive-control resources than other regulatory
strategies, such as cognitive reappraisal, that happen later in the emation regulation process
and require direct engagement with negative stimuli (e.g., Sheppes & Meiran, 2008; Shiota
& Levenson, 2009). For example, older adults were less successful than younger adults at
using cognitive reappraisal strategies when they were instructed to direct their gaze toward
unpleasant emotional images and to reduce negative emotions (Opitz, Rauch, Terry, & Urry,
2012). This age-related effect was mediated by reduced activation in the dorsomedial and
left ventrolateral prefrontal regions, which have been implicated in cognitive control. Thus,
activating positive gaze as a form of attentional deployment appears to be a relatively
undemanding and simple regulatory tool that older adults utilize in their everyday lives. It is
critical to further assess age-related positive gaze preferences under a variety of distracting
attentional conditions, in order to determine which conditions are either conducive or
prohibitive to positive gaze preferences among older adults.

The Present Study

In contrast to the previous studies examining the effect of divided attention (Allard &
Isaacowitz, 2008; Knight et al., 2007), the present study explores the influence of
environmental noise on the positivity effect in visual attention. The physical environment is
full of potential distractions to our senses. Noise, such as viewing visually degraded stimuli
(i.e., blurry screen presentations) while listening to background noise (i.e., watching
television in a busy airport) can pose a challenge for information processing (e.g., Gao,
Stine-Morrow, Noh, & Eskew, 2011). Previous studies have shown that irrelevant
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environmental distractions can interfere with the recollection of goal-relevant information
(Wais & Gazzaley, 2011; Wais, Rubens, Boccanfuso, & Gazzaley, 2010) and event details
(Perfect et al., 2012; Vredeveldt, Hitch, & Baddeley, 2011), and can hinder conceptual
integration during reading (Gao, Levinthal, & Stine-Morrow, 2012; Gao, Stine-Morrow,
Noh, & Eskew, 2011). External noise appears to induce domain-general interference,
whether within or across sensory domains, which disrupts goal-related processing (Wais et
al., 2010 Wais et al., 2011). Moreover, Gao and colleagues (2012) demonstrated that visual
noise may have greater adverse effects on older adults, as evidenced by their reduced
conceptual processing during reading and poorer rates of recall compared to younger adults
(Gao, Levinthal, & Stine-Morrow, 2012; Speranza, Daneman, & Schneider, 2000). The
greater challenge of processing information while experiencing noise and distractions has
been accounted for by the effortfulness hypothesis (Dickinson & Rabbitt, 1991; Rabbitt,
1968, 1991; Wingfield, Tun, & McCoy, 2005), which holds that sensory challenges, created
by environmental conditions or by aging, require additional information-processing
resources, which are then more limited for other higher cognitive functions. Therefore,
varying contextual demands by manipulating background noise appears to be an alternative,
effective means to assess whether the positivity effect in visual attention requires full
attentional control.

Following previous research, we also tested the role of attentional control in age-related
positive gaze preferences in a naturally implicit regulatory context without providing
explicit instruction for deliberate emotion regulation (Allard et al., 2008, 2010; Knight et al.,
2007; Mather & Knight, 2005). Because it is commonplace for older adults to utilize
regulatory strategies, and the positivity effect is a “preference” of older adults (Reed et al.,
2014), using an implicit regulatory context is necessary to provide a naturalistic context to
these effects in this population.

On the basis of results of previous eye-tracking research of age-related positive gaze
preferences under unconstrained processing conditions, we predicted that older adults would
demonstrate positive gaze preferences (looking more toward positive and less toward
negative stimuli; e.g., Isaacowitz et al., 2006a, 2006b; Isaacowitz & Choi, 2011; Nikitin &
Freund, 2011). However, taking into consideration the effects of attentional control on the
positivity effect (Knight et al., 2007; Mather & Knight, 2005; Reed & Carstensen, 2012), we
predicted that greater levels of visual noise or auditory distraction would interfere with or
even reverse this positive gaze pattern in older adults. As noted in the methods section
below, we added a cue for the high visual-noise condition in order to make the task more
manageable, reasoning that we could only manipulate noise to the extent that the emotion of
each stimulus was still perceivable (otherwise there would be no way to test age-related
differences). Previous findings have shown that older adults rely on environmental cues to
support their information processing in the face of internal noise (Spieler, Mayr, & LaGrone,
2006) and declining self-initiated processing (Craik, 1983; Craik & Jennings, 1992). Thus,
we are aware that providing cues could diminish the potential impact of noise on the
positivity effect in visual attention. However, control of gaze, as a form of attentional
deployment, is thought to require less effort than other proactive emotion-regulation
strategies (e.g., reappraisal, suppression; Allard et al., 2008, 2010; Gross, 1998; Urry &
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Gross, 2010), therefore we predicted that older adults would demonstrate positive gaze
preferences irrespective of noise condition. Finally, we varied the age of the face stimuli,
including younger and older faces, because recent evidence suggests that perceived age may
have an effect on the processing of face stimuli (Ebner, He, Fichtenholtz, McCarthy, &
Johnson, 2011a; Ebner, He, & Johnson, 2011b; He, Ebner, & Johnson, 2011). We predicted
that participants would look more at facial stimuli that were of a similar age to themselves
(Ebner et al., 2011; He et al., 2011). However, we did not form a hypothesis with regard to
the effect of age of stimuli on the positivity effect in visual attention, given the lack of
previous findings regarding this relationship.

Participants in this study were 60 younger adults (17-23 years) and 34 older adults (57-81
years). The younger adults were recruited from an undergraduate participant pool at
Brandeis University using flyers posted on campus. The older adults were recruited from the
Brandeis University Emotion Laboratory participant pool and advertisements. Participants
received either course credit or a monetary stipend as compensation. Fifty-six percent of the
older sample held graduate-level degrees, 18% bachelor’s degrees, 21% two-year college
degrees, and 6% high-school diplomas. Seventy-five percent of the sample identified as
White, 15% Asian, 3% Hispanic, and 2% other. An additional five younger and 33 older
adults participated in the study but were not included in data analyses because their eye
movements were not trackable or because their eye-tracking data were not collected for at
least 25% of the time that the slide was shown for each noise condition. Seven additional
older adults were excluded because of a failure to meet a cut-off score of 26 on the Mini-
Mental State Exam (MMSE; Folstein, Folstein, & McHugh, 1975), because of poor hearing
(e.g., wearing hearing aids), or because of an inability to complete the task due to fatigue.
Table 1 provides the participants’ demographic information, sensory and cognitive
functioning levels, and affective characteristics. Self-reported overall health and scores on
the MMSE did not differ between the two age groups. The older adults had lower visual
acuity (near vision, contrast sensitivity) and hearing acuity than younger adults. Compared
to the younger adults, older adults had poorer executive function (as measured by the Trail
Making Test, Part B) but better verbal ability. Consistent with previous findings on affective
experience and aging (Carstensen et al., 2011; Charles, Reynolds, & Gatz, 2001; Mroczek &
Kolarz, 1998), the older adults reported more positive and less negative affect than the
younger adults. Sensory, cognitive, and affective measures that showed age differences were
included as covariates in the eye-tracking analyses described below.

IThe relatively high percentage of exclusion of the older adults from the eye-tracking analyses (39% of the sample) is due to their
wearing reflective eyewear or having other eye abnormalities, including small pupil diameter, and pupil obfuscation; eye tracking
under visual noise distraction also contributed to the unsuccessful tracking rate for older adults. However, it is important to note that
the exclusion rate for older adults in the present study is comparable to that of previous eye-tracking studies (e.g., Isaacowitz et al.,
20064, 2006b; Isaacowitz et al., 2008; Knight et al., 2007). Nonetheless, no significant differences emerged between trackable (n =34)
and non-trackable (n = 26) older participants on self-reported health, cognitive, and affective measures, but non-trackable older
participants had poorer near vision (for the Rosenbaum: Mtrackable = 27.50, SD = 3.08; Mnon-trackable = 30.58, SD = 5.35), t(58) =
-2.80, p< .01, and poorer hearing than those of trackable older participants (for the pure-tone average: Mtrackable = 16.85, SD =
4.72; Mnon-trackable = 25.93, SD = 10.22), t(54) = -4.40, p < .001. Degrees of freedom for t tests do not match due to incomplete
data for each measure.
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Facial stimuli were taken from the FACES Database (for detailed information, see Ebner,
Riediger, & Lindenberger, 2010). Five sets of 48 face pairs (total = 240 pairs), consisting of
an emotional face and its neutral counterpart (24 fear—neutral and 24 happy-neutral pairs),
were constructed for the eye-tracking presentation. Each set consisted of equal numbers of
younger (18-31 years) and older (69-80 years) face pairs, half male and half female. The
five sets of face pairs were randomly assigned to one of the five noise conditions (no noise,
three visual levels [low, medium, high], and auditory noise). Face pairs within each noise
condition were blocked for presentation and were further blocked for the types of noise (no,
visual, and auditory) for presentation. The side of screen (left or right) on which the
emotional or neutral face appeared was counterbalanced across participants. The
presentation order of the noise blocks (no, visual, and auditory) was counterbalanced across
participants. The presentation of levels of visual noise within the visual noise block was also
counterbalanced across participants. Within each block, face pairs were pseudo-randomized
such that no two faces alike in both age and valence appeared consecutively (e.g., younger—
fear followed by younger—fear).

Static visual noise was generated using MATLAB software in conjunction with the
Psychophysics Toolbox (Brainard, 1997; Kleiner, Brainard, & Pelli, 2007). The images were
rendered in the CMYK color space (created using combinations of the colors “C” for cyan,
“M” for magenta, “Y” for yellow, and “K” for black), and the visual noise was created by
setting the “C,” “M,” and “Y” to identical luminance values at each pixel and varying the
levels of “K.” Varying the proportion of color (“C,” “M,” and “Y”) to black “K” created a
series of random pixels across the image, ranging from white to black (and grays in
between). The blend function was also used to produce a smooth blending of the image and
the static noise by combining the generated static noise with the underlying facial image.
Without completely obscuring the underlying face, three levels of visual noise were created
by varying the contrast of the noise pixels (0.3 = low noise, 0.5 = medium noise, 0.7 = high
noise). While our aim was to create progressive task difficulty by varying the amount of
noise, it was also important to ensure that the visual noise did not entirely impair
participants’ ability to decode emotions from facial expressions, because that would have
rendered our manipulation moot. Our pilot study (nyounger = 14, Noiger = 15) indicated that
the accuracy of identification of facial emotions was differentially reduced in the high-
visual-noise context, resulting in lower than 90% accuracy. Therefore, for the high-visual-
noise condition, a clear emotional-neutral face pair was presented very briefly (see
Procedure for details). Then, that same emotional-neutral pair was presented with noise.
This was done to cue the valence of the emotional-neutral face pairs.2

A recorded track of multiple voices speaking simultaneously (i.e., babble produced by 20
voices) was used for the auditory background noise. Further information on the speech
babble can be found in Tun (1998). The track was presented binaurally through headphones

2The emotional-neutral face pair cues were presented for 0.5 s. We chose this duration based on the results of our pilot test, which
showed that both age groups were able to identify the valence of the emotional-neutral faces with high visual noise (above 90%
accuracy) when a cue was given for 0.5 s, and also on some previous research reporting that for very brief cues (shorter than 0.5 s), it
was harder for older, compared to younger, adults to sustain their attention (Fernandez-Duque & Black, 2006; Jennings, Dagenbach,
Engle, & Funke, 2007).
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at a normal conversation speech level of 65 dB (Olsen, 1998). Sample face pair stimuli are
shown in Figure 1.

An Applied Science Laboratories (Bedford, MA) EYE-TRAC 6 eye tracker was used to
record eye movements at a rate of 60 Hz. The EYE-TRAC 6 tracks gaze by sending
illumination from a remote unit to the pupil of the participant’s selected eye. A fixation was
defined as an interval during which a participant’s gaze focused within 1° of the visual angle
for at least 100 ms (Manor & Gordon, 2003) on predesignated areas of interest (AQOIs). AOIs
in this study were the areas of a square box containing each face; the area surrounding the
boxes was designated as outside the AOI. The percentage of fixation time within an AOI
relative to total fixation duration across all AOIs was calculated. Face stimuli were
presented using GazeTracker software (EyeTellect, LLC, Charlottesville, VA) on a 17-inch
monitor with a pixel resolution of 1280x1024.

After obtaining informed consent, demographic, sensory, and affect measures were
administered. Cognitive tasks were administered at the end of each experiment session.
Participants were seated in front of the eye tracker and performed a 17-point eye calibration
procedure to ensure accurate measurement of gaze across various areas on the screen. The
eye-tracking task instructions were as follows:

“You will be viewing pairs of emotional-neutral faces that will appear
simultaneously on the screen...across blocks of the pairs, the image pairs are
embedded in either a visual mask or a background of auditory noise...for the visual
mask blocks you will be viewing the image pairs presented with visual disruptions
(like the static or snow on a fuzzy television picture)...the disruption will be greater
for some pairs than others...for the images that have the most disruption, there will
be a brief cue, whereby you will first briefly see the same pair normally before the
disruption takes place...for the auditory noise block, you will be viewing images
while hearing background noise (like you might experience when reading
newspapers in a busy café or at the airport)...your task is to view the images as
naturally as possible, as if you were watching a television show.”

Participants were also told that they would wear headphones while viewing images with a
background of auditory noise. The eye-tracking session began with practice trials containing
24 face pairs, followed by five experimental blocks of face pairs. Each emotional-neutral
face pair was displayed for five seconds and was followed by a 0.5 s crosshair slide to
realign the gaze to the center of the screen. For the high-visual-noise condition, each face
pair embedded in visual noise was presented after that same pair had been briefly shown
without any visual noise for 0.5 s, in order to provide a cue of the emotional valence of the
upcoming face pair. Each block was 5-6 minutes in duration. Upon completion of the eye-
tracking session, participants were given a valence rating task to ensure they could identify
the intended emotional valence of facial expressions despite the visual noise background.
The task contained a subset of 72 faces selected from the eye-tracking stimulus sets (24
faces expressing fear, happiness, or neutral emotion, and 18 faces from the no disruption
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visual-noise blocks). In this task, single faces appeared one at a time for 5 s (in the case of
high-visual-noise faces, a clear version of the same face was cued for 0.5 s). Each
participant was then directed to a rating screen where they rated the valence of each face
from 1 (negative) to 9 (positive) at his or her own pace, by selecting the corresponding
number using the computer’s mouse. Following the valence task, participants completed
cognitive tasks and were debriefed.

Because the face stimuli were presented in pairs, a ratio score was used to assess the relative
looking preference for one face over the other (Isaacowitz et al., 2006a, 2006b; Isaacowitz et
al., 2008). For each emotional-neutral pair, the ratio score was computed by subtracting the
fixation duration for the neutral face from that of its emotional counterpart and then dividing
the difference by the total duration of fixation on both faces (i.e., [emotional — neutral]/
[emotional + neutral]). Scores of zero indicate no preference for either face. A positive ratio
score indicates a preference for the emotional face, while a negative ratio score indicates a
preference for the neutral face.

Age Differences in Emotional Gaze Preferences with Noise Distraction

The ratio scores were entered into a 2 (Age Group: younger, older) x 5 (Noise: none, visual
[low (L), medium (M), high (H)], auditory) x 2 (Emotion Type: fearful, happy) x 2 (Age of
face: younger, older) mixed-model analysis of variance (ANOVA), with age group as a
between-subjects factor and the rest as within-subjects factors.3 The descriptive statistics for
younger and older participants’ gaze ratio scores in each noise condition are presented in
Table 2. There was a significant main effect of Age Group, F(1, 92) = 6.07, p < .05, npz =.
06, with younger adults (M = .12, SE = .02) preferring emotional faces (overall) to neutral
faces more than older adults (M = .04, SE = .03). There was also a main effect of Emotion
Type, F(1, 92) = 25.26, p < .001, 77p2 = .22, as participants overall tended to look away from
fearful faces (M = .02, SE = .02) and toward happy faces (M = .16, SE = .02). A number of
significant two-way interactions emerged: Age Group x Emotion Type, F(1, 92) = 16.17, p
<.001, 7% = .15; Age Group x Age of Face, F(1, 92) = 5.48, p < .05, 7,2 = .06; and Noise x
Emotion Type, F(3.51, 322.70) = 4.23, p< .01, %2 = .04. No other significant main effects
or interactions were found.

The Age Group x Emotion Type interaction was followed by one-sample t tests to determine
which ratio scores were significantly different from zero, according to age group and
emotion type (Isaacowitz et al., 2006a, 2006b, 2008). We calculated effect sizes for the one-
sample t tests using Cohen’s d (M/SD; Cohen, 1988). Significant t scores indicated the
presence of an attentional preference, with positive scores reflecting a preference for
emotional faces and negative scores reflecting a preference for neutral faces (i.e., looking
away from the emotional face). As shown in Figure 2, younger adults showed significant
positive t scores for both fearful faces, t(59) = 3.98, p <.001, d = .52, and happy faces, t(59)
=6.13, p<.001, d =.78, indicating a looking preferences for both face types. Older adults,

3\Whenever appropriate, Greenhouse-Geisser corrected degrees of freedom are used to adjust for violations of sphericity.
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on the other hand, showed a significant negative t score for fearful faces, t(33) =-2.41,p<.
05, d = .42, but a significant positive t score for happy faces, t(33) = 4.25, p<.001, d = .76.
Age differences for each emotion type were tested using simple effects analyses. The older
adults looked at fearful faces significantly less than their younger counterparts, F(1, 92) =
19.14, p < .001, 77p2: .17, d =.93; however, no age group difference emerged for happy
faces, F(1,92) = 1.03, p= .31, 2 = .01.4

The Age Group x Age of Face interaction reflected that younger adults gazed longer at older
emotional faces (M = .14, SE = .02) than emotional faces more similar to their own age (M
=.11, SE=.02), F(1, 92) = 10.65, p < .01, npz =.10. Older adults showed no significant
difference in duration of gazing at older and younger faces, F < 1. The Noise x Emotion
Type interaction was followed by simple main effects tests, the results of which indicated
that when collapsed across age groups, participants showed stronger preferences for happy
faces than fearful faces across all conditions (Fs > 6) (see Figure 3). One-sample t tests
within noise conditions also confirmed significant attentional preferences for happy faces
across all conditions, tho(93) = 6.24, p<.001, d = .63; 1, (93) = 5.95, p<.001, d = .62;
tm(93) = 4.77, p<.001, d = .49; t4(93) = 7.11, p < .001, d = .73; tagitory(93) =5.93, p<.
001, d = .61, but a significant preference toward fearful faces only in the medium visual-
noise condition, t(93) = 2.54, p < .05, d = .26.

Despite the lack of a significant three-way Age Group x Noise x Emotion Type interaction,
we conducted planned one-sample t tests to examine which ratio scores were different from
zero according to age group, noise, and emotion type, all of which were collapsed across age
of face. For younger adults, significant preferences toward both fearful faces, t,o(59) = 3.39,
p<.01,d=.44; 1 (59) =3.36, p<.01, d = .43; t\y(59) = 4.85, p<.001, d = .63; t4(59) =
2.11, p < .05, d = .26; taygitory(59) = 3.27, p< .01, d = .42, and happy faces, tno(59) = 4.91, p
<.001,d=.63; t (59) =5.62, p<.001, d =.73; t\q(59) = 4.25, p<.001, d = .57; t4(59) =
5.00, p <.001, d = .65; tayditory(59) = 4.78, p < .001, d = .62, were found across all
conditions. Older adults, on the other hand, displayed a significant preference toward
avoiding fearful faces in the no-noise, high-visual-noise, and auditory-noise conditions, but
they did not show any significant patterns for fearful faces in the low- and medium-visual-
noise conditions, tho(33) = -2.16, p < .05, d = -.39; 1, (33) = -1.64, p = .11, d = -.27; t\4(33)
=-1.15, p=.26, d = —.21; t4(33) = —2.49, p < .05, d = —.43; tayditory(33) = -2.50, p< .05, d
= —.44. Older adults showed a significant preference toward happy faces in all conditions,
to(33) =3.89, p<.001,d = .67; 1 (33) =2.89, p< .01, d=.48; t)4(33) =2.61, p< .05,d =.
45; t4(33) = 5.22, p<.001, d = .90; taygitory(33) = 3.56, p < .01, d = .61. Thus, there was
little evidence that noise influenced the gaze preferences of younger adults. In contrast, the
gaze preferences of older adults (the propensity to look away from fearful faces) disappeared
in the low- and medium-visual-noise conditions. Interestingly, the effect sizes indicate that
older adults demonstrated their strongest preference toward happy faces in the high-visual-
noise condition (see Table 2).

4Among the potential covariates that showed age differences (see Table 1), only three sensory and vocabulary measures correlated
significantly with gaze ratio scores, and this was true only for fearful face pairs. The Age Group x Emotion Type interaction remained
significant when the scores on the sensory functioning measures, F(1, 84) = 4.35, p < .05, 77p2= .05, and vocabulary scores, F(1, 91) =
7.16,p< .Ol,npz =.07, were included as covariates.
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The Effects of Noise Block Order on Age Differences in Emotional Gaze Preferences

Another way to test the effects of noise on age differences in emotional gaze preferences is
to examine whether the order in which the noise blocks were presented had an impact on
gaze preferences. If noise and distractions reduce cognitive resources, and if displaying
positive gaze preferences requires cognitive control, gaze preferences should be less evident
when participants gaze on emotional faces with noise first, regardless of noise type.
Therefore, the potential influence of noise block order during the experiment on gaze
preference was tested by comparing fixation ratio scores when participants viewed
emotional faces under the no-noise block either first, in the middle, or last.®

A 3 (Block Order: no-noise first, no-noise middle, no-noise last) x 2 (Age Group) x 5
(Noise) x 2 (Emotion Type) mixed-model ANOVA on fixation ratio scores was conducted
collapsed across age of face. Block order and age group were included as between-subject
factors and the rest were within-subject factors. The main effects of Age Group and Emotion
Type were significant, F(1, 88) = 6.09, p < .05, 7,2 =.07 and F(1, 88) = 5.38, p < .001, 7,2
=.23, respectively. The Age Group x Emation Type and the Noise x Emotion Type
interactions remained significant, F(1, 88) = 16.79, p < .001, npz =.16, and F(3.54, 311.16)
=4.28,p<.01, npz = .05, respectively. The main effect of Block Order was not significant,
F(2,88)=2.24,p=.11, 77p2 =.05, but a significant Block Order x Emotion Type interaction
emerged, F(2, 88) = 4.30, p < .05, npz =.09. Of particular importance, the Block Order x
Age Group x Emotion Type interaction was significant, F(2, 88) = 4.14, p < .05, npz =.09.
All other effects were nonsignificant.

The Block Order x Age Group x Emotion Type interaction was decomposed using t tests to
examine whether ratio scores were significantly different from zero, according to block
order, age group, and emotion type. When the no-noise block came first, younger adults
showed significant preferences for both fearful faces, t(17) = 2.28, p<.05, d = .53, and
happy faces, t(17) = 2.99, p <.01, d = .68 (Mfearful = -10, SE = .05; Mpappy = .13, SE =.05).
In contrast, older adults showed a significant preference away from fearful faces, t(11) =
-2.42, p<.05,d=.70, and toward happy faces, t(11) = 3.48, p<.01, d = 1.00 (Msearful = —-
21, SE = .06; Mpgppy = .32, SE = .06). This pattern, however, changed when participants
viewed either the visual- or auditory-noise blocks first, with the no-noise block in the
middle. In this case, younger adults did not show a preference toward fearful faces, t(21) =
1.48, p = .15, but did still show a preference toward happy faces, t(21) =4.05, p<.01,d=.
86. Older adults, on the other hand, did not show any preferences for either of these emotion
types, ts < 2 (Mfearful = =07, SE = .06; Mpappy = .07, SE = .06). When the no-noise block
came last (i.e., after both the visual and auditory noise blocks), younger adults showed
similar gaze patterns as in the no-noise-first block by exhibiting a significant preference
toward both fearful faces, t(19) = 3.23, p< .01, d =.72, and happy faces, t(19) = 4.28,p<.
001, d = .96 (Mfearful = -16, SE = .05; Mhappy = .21, SE = .04). Older adults, in contrast, did
not show a significant preference away from fearful faces, t < 1 and showed only a
marginally significant preference toward happy faces, t(9) = 2.26, p=.05, d = .71 (Mfearful =

SBecause there were many combinations of orders by noise blocks (no, visual, auditory) and three levels of visual noise (low,
medium, high), leaving few participants in each cell, we focused on whether the no-noise block came first, in the middle, or last
(collapsing across the order of visual and auditory noise blocks).
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—.01, SE =.07; Mpgppy = .16, SE = .06). Taken together, these results indicate that the order
of noise blocks influenced gaze preferences to a greater extent for older adults. Further, the
gaze preferences found in older adults disappeared or became less strong when they viewed
emotional faces with a noise distraction first.

Valence Ratings

To assess whether participants could perceive the intended valence of the face pictures
embedded in the varying levels of visual noise, we conducted in a 2 (Age Group) x 4
(Noise: no, visual [L, M, H]) x 2 (Emotion Type) x 2 (Age of Face) mixed-model ANOVA
on valence rating scores. Age Group was included as a between-subjects factor and the rest
were within-subjects factors. There was no main effect of Age Group, F(1, 89) =2.09,p=.
152, npz = .02, but there were significant main effects of Noise, F(3, 267) = 14.60, p < .001,
152 = .14, Emotion Type, F(1, 146.23) = 859.89, p < .001, 13,2 = .91, and Age of Face, F(1,
89) = 40.64, p<.001, ,]pz =.31. These main effects were qualified by a number of
significant two-way interactions: Noise x Emotion Type, F(4.98, 443.23) = 23.50, p < .001,
12 = .21; Noise x Age of Face, F(3, 267) = 23.66 p <.001, 7,2 = .2; and Emotion Type x
Age of Face, F(1.90, 168.97) = 35.70, p <.001, 77p2 =.29. These two-way interactions were
further qualified by significant three-way interactions for Age Group x Emotion Type x Age
of Face, F(2, 178) = 3.12, p < .05, an =.03, and Noise x Emotion Type x Age of Face,
F(5.00, 444.71) = 22.42, p < .001, an:.ZO. No other effects were significant. Of particular
relevance, the Noise x Emotion Type x Age of Face interaction was deconstructed using
simple main effects across Age of Face and Emotion Type within Noise conditions. Happy
younger faces were rated as more positive than neutral younger faces, and fearful younger
faces were rated as more negative than neutral younger faces for each noise condition (No
NOise: Mpappy = 7.60, SE = .07; Mpeytral = 4.74, SE = .06; Mearful = 3.34, SE = .10; Low
NOise: Mpappy = 7.61, SE =.09; Mpeytral = 4.66, SE = .06; Mearful = 3.09, SE = .10; Medium
Noise: Mpappy = 7.35, SE = .08; Myeytral = 4.76, SE = .05; Mearful = 3.04, SE = .09; High
NOise: Mpappy= 7.47, SE = .09; Mpeytral = 4.58, SE = .06; Myearfy) = 2.97, SE =.10), Fs(2, 88)
>512.34, ps <.001. Similarly, happy older faces were rated as more positive than neutral
older faces, and fearful older faces were rated as more negative than neutral older faces for
each noise condition (No noise: Mpappy = 7.71, SE = .08; Mpeytral = 3.99, SE = .08; Meearful =
2.78, SE = .10; Low noise: Mpgppy = 7.54, SE = .09; Mpeytral = 4.44, SE = .08; Mrearful =
2.81, SE =.10; Medium noise: Mhappy =17.27, SE =.10; Mpeytral = 4.35, SE = .07; Msearful =
3.74, SE = .10; High noise: Mpappy = 7.35, SE = .09; Mpeytral = 4.11, SE = .09; Mtearful =
2.88, SE =.11), Fs(2, 88) > 354.89, ps < .001. Thus, participants were able to accurately
perceive the emotional valence of faces embedded in varying levels of visual-noise
background and this did not vary by age group.6

6Following up on the Age Group x Emotion Type x Age of Face interaction, simple main effects analyses were conducted separately
for each age group across emotion type and age of face. Older adults rated happy faces as more positive than neutral faces, and rated
fearful faces as more negative than neutral faces for both younger and older faces (Younger faces: Mhappy = 7.53, SE = .12; Mpeutral
=471, SE=.08; Mfearfu] =3.12, SE = .14; Older faces: Mhappy =7.46, E=.12; Mneutra| =432, E=.10; Mfearfu] =3.18, SE=.
14), F(2, 88) =289.70, p < .OOl,np2 = .87 and F(2, 88) = 279.95, p < .001, npz = .86, respectively. Younger adults showed a similar
pattern (Younger faces: Mhappy =7.49, SE =.09; Mnpeutral = 4.66, SE = .06; Mfearful = 3.10, SE = .10; Older faces: Mhappy =7.48,
SE =.10; Mneutral = 4.13, SE = .08; Mfearful = 2.93, SE = .10), F(2, 88) = 488.59, p < .001, 7jp? = .92 and F(2, 88) = 529.62, p< .
001, npz =.92, respectively. Thus, both younger and older adults were able to perceive emotional valence of faces in a similar
manner.
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Discussion

Older adults display positive preferences in their gaze patterns, focusing more on positive
and less on negative emotional material, which appears to help with emotion regulation
under certain circumstances (for a review, see Isaacowitz, 2012). This phenomenon, known
as the age-related positivity effect, is theorized to be a top-down controlled process that
taxes attentional resources (Mather & Carstensen, 2005). Therefore, some have argued that
positive preferences, as reflected by visual attentiveness, are more likely to occur when the
context allows for full control of visual attention (Knight et al., 2007; Mather & Carstensen,
2005). However, findings are mixed regarding the role of attentional control in age-related
positive gaze preferences (Allard et al., 2008, 2010; Knight et al., 2007). The present study
examined whether full attentional control is necessary to elicit positive gaze preferences in
older adults. In order to test this, contextual demands were imposed on the participants
during emotional processing, including visual and auditory noise. Happy-neutral and
fearful-neutral face pairs were embedded in one of the following three backgrounds: a clear
background (no noise), visual noise (low, medium, or high) or a background of auditory
babble. Gaze preferences were assessed utilizing eye-tracking to record the percentage of
time the eye fixates on a particular point or points in a visual field. By comparing the
percentages of fixation on happy and fearful faces versus the percentages of fixation on
neutral faces (i.e., a preference for the emotional face over the neutral face or vice versa),
this study was able to assess how participants viewed the facial stimuli.

In line with previous eye-tracking research (Isaacowitz et al., 2006a, 2006b, 2008, 2011), an
Age group x Emotion Type interaction was observed. Older adults demonstrated positive
gaze preferences, looking more toward happy faces and away from fearful faces. Younger
adults, on the other hand, showed gaze preferences toward both happy and fearful faces.
Between-groups differences for each emotion indicated that older adults fixated for a
significantly shorter period of time on fearful faces than younger adults, while no age group
difference emerged for happy faces. Thus, these findings support the positivity effect in
visual attention for older adults.

Noise Distraction and Age-Related Positive Gaze Preferences

In the present study, participants gazed more toward happy faces than fearful faces when
they were experiencing a noise distraction. That is, overall both age groups showed a
significant preference for happy faces in all conditions, while they showed a significant
preference toward fearful faces only in the medium-visual-noise condition. Younger adults
showed gaze preferences toward both fearful and happy faces irrespective of noise
conditions, and thus their gaze preferences were less likely to be influenced by any form or
level of noise. For older adults, robust gaze preferences (looking toward happy faces) were
observed regardless of the type or level of noise, however, their tendency to look away from
fearful faces disappeared under the low- and medium-visual-noise conditions. Thus, while
older adults preferred to gaze at happy faces, regardless of type or intensity of noise
distraction, their tendency to look away from fearful faces did not emerge with low or
medium levels of visual distraction. One possible explanation for this finding is that the
visual distractions imposed additional demands on emotional processing. Unlike the findings
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of Knight et al. (2007), we did not observe a reversal of the positive gaze preferences in the
older group under any distracting conditions. Thus, the gaze patterns of the older adults in
this study provide only partial support for the assertion that attentional control is necessary
for the positivity effect to emerge (Knight et al., 2007; Mather & Carstensen, 2005).

It is possible that visual noise may have made fearful facial expressions appear less fearful.
In this case, similar preferential patterns could have emerged for fearful as well as neutral
facial stimuli. However, as shown in the valence ratings, participants were able to perceive
the intended emotional valence of each facial expression across all noise conditions. Further,
there were no age differences in the ability to detect the valences of facial expressions as a
function of noise distraction. Therefore, it seems unlikely that noise distraction obscured
valence-driven attentional effects. However, it is still possible that noise distractions may
have reduced any difference in arousal between fearful and neutral facial stimuli.
Nevertheless, older adults demonstrated preferences toward happy faces despite noise
distractions.

Interestingly, in the high-visual-noise condition, older adults showed the strongest gaze
preferences for happy faces, and also displayed the tendency to turn their gaze away from
fearful faces. Thus, when clear facial cues were provided prior to visual distraction, older
adults were able to demonstrate the typical positive gaze preferences even under highly
distracting visual noise. This result is in line with previous research showing that older
adults rely more on environmental cues for maintaining task presentations, thereby
supporting information processing (Craik, 1983; Spieler et al., 2006; Wang et al., 2011). Of
further interest, the preference for positive stimuli among older adults tended to be more
pronounced in the high-visual-noise condition (.26) than in the no-noise condition (.18),
though we were unable to detect statistical significance between these conditions. It is likely
that older adults are more motivated to regulate their emotions when experiencing a high
level of visual distraction. However, this study did not utilize mood measures; This
phenomenon could not be directly assessed and remains an important possible question for
further research.

The role of attentional control was also tested by looking at whether the order of the noise
blocks had an impact on gaze patterns. The results revealed that older adults showed positive
gaze preferences both toward positive and away from negative stimuli when they began with
a block of stimuli that was free from noise. Conversely, positive gaze preferences did not
emerge among older adults when the facial stimuli were presented with either a visual or an
auditory distraction in the first block. When older adults were exposed to blocks of both
forms of distraction prior to the block that was free of distraction, they showed no tendency
to avoid fearful faces; however, they still showed a preference for looking toward happy
faces. It is important to note, though, that the size of this effect was reduced when older
adults were exposed to distractions first.

The noise-block order also influenced younger adults’ gaze patterns. The preference for
fearful faces that had been previously noted among younger adults disappeared when they
were exposed to a noise block before the block that was free of noise. These changes in the
gaze preferences of younger adults are consistent with Knight et al.’s (2007) findings, which
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showed that, among younger adults, the proportion of fixation directed to negative faces in
negative—neutral pairs was smaller in a divided-attention condition than the proportion of
fixation directed to positive faces in positive—neutral pairs. Similarly, Pruzan and Isaacowitz
(2006) compared visual attention to emotional stimuli among two groups of younger adults
(graduating seniors and freshmen). Graduating seniors showed a tendency to avoid negative
stimuli, a process similar to that displayed by older adults. Interestingly, the perceived social
ending of graduation did not have an influence on the processing of positive stimuli. Thus, it
appears that younger adults utilize a similar positive gaze preference for the processing of
negative stimuli as that found in older adults.

The Role of Attentional Control in Positive Gaze

Previous studies by Mather and Knight (2005) and Knight et al. (2007) found that older
adults in the divided-attention condition showed a reversal of the positivity effect in their
memory or gaze. These findings support the argument that a substantial amount of
attentional control is required to use gaze as a strategy for emotion regulation. Knight et al.
(2007) argued that while emotional goals may be perpetually activated among older adults,
the use of positive gaze as a tool of motivation likely requires the allocation of a substantial
portion of attentional control resources for older adults. The present study provided some
support for this argument because it showed that the tendency among older adults to look
away from negative stimuli was no longer prevalent under conditions of low and medium
visual noise. Moreover, while the order of noise blocks did influence gaze patterns for both
age groups, its effect was exaggerated in the older group. When either of the noise
distraction blocks came before the block without a distraction, the preferential gaze patterns
of both looking away from negative stimuli and looking toward positive stimuli waned
among older adults. These results indicate that the noise manipulation, which increased
processing and created distraction, had a greater impact on older participants. However, we
found no evidence of a reversal of the positivity effect in the older group, contrary to the
findings of Knight et al. (2007).

If displaying positive gaze preferences places a strain on the resources required for
attentional control, then older adults should have utilized the positive gaze pattern less
during the final, distraction-free block because their resources would have already been
taxed during the initial noise blocks. However, this was not the case. When the no-noise
block was last, older adults still demonstrated gaze preferences for positive stimuli, though
the effect was only marginally significant. It may be that continuous noise distraction
increased the older adults’ motivation to regulate their emotions by viewing the positive
rather than the negative pictures. It seems that the greater motivation to regulate emotion
may have actually compensated for the additional attentional resources required. Tis idea is
only speculative and further research is necessary to examine the link between gaze and
mood under noise distraction.

The present study does not provide convincing evidence that positive gaze requires full
control of visual attention. A preferential gaze toward positive stimuli seems more likely to
be exhibited by older adults even when the noise distraction disrupts attentional control.
However, unlike Allard and colleagues (2008, 2010), we found that the propensity to avoid
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negative stimuli among older adults was indeed less likely to occur under some types of
noise distraction. Given that Allard et al. (2008) used a less demanding secondary task than
Knight et al. (2007) and still found positive gaze preferences among older adults, it could be
that the use of positive gaze preferences among older adults is dependent on the difficulty of
the task or contextual demands. It is also interesting that, in the present study, noise
distraction was more likely to disrupt selective attention to negative stimuli in both age
groups.

The present findings appear to be in line with a recent proposal by Foster, Davis, and Kisley
(2013) that there are different pathways by which older adults can achieve a positivity effect
in emotion processing. In an event-related brain potential study, they showed that the late
positive potential amplitude in response to negative images during an early phase of emotion
processing peaked near 600 ms following stimulus onset among older adults with better
cognitive abilities. On the other hand, older adults with worse cognitive abilities exhibited
reduced neural reactivity to negative images, indicating that they had difficulties in
processing negative information in an early phase of emotion processing. On the basis of
these findings, Foster et al. (2013) argued that there may be different pathways for
individuals with relatively poorer cognitive abilities compared to individuals with better
cognitive abilities. Older adults with more limited cognitive abilities may utilize a positive
gaze preference as a compensatory strategy (for example, Labouvie-Vief, Grihn, & Studer,
2010). In contrast, those with better cognitive abilities may utilize a positive gaze preference
for regulatory reasons. In the latter case, older adults may focus more on positive and less on
negative information in the later phases of emotion processing because emotion regulation
strategies may take some time to yield the desired regulatory effect (Isaacowitz, Allard,
Murphy, & Schlangel, 2009). Thus, our findings seem to extend beyond those of Foster et
al. (2013), suggesting that the path used by older adults to achieve a positivity effect in
emotion processing may also depend on context.

Visual Attention toward Emotional Faces of Difference Ages

Contrary to some previous eye-tracking studies, in which participants preferred facial
stimuli that were of a similar age (Ebner et al., 2011; He et al., 2011), our younger adults
spent more time looking at other-age (older) faces than younger faces. Older adults, on the
other hand, showed no age-of-face preferences in their gaze patterns. Thus, older adults
displayed the positivity effect in their gaze regardless of the age of the stimuli. It is possible
that viewing faces embedded in visual noise may have reduced the perceived differences in
age-related facial features of the stimuli, thus weakening gaze patterns associated with the
age of the faces. Ebner et al. (2011) and He et al. (2011) asked participants to judge the
emotional expressions of faces, which may have rendered own-age faces more relevant than
other-age faces. Most previous studies on age differences in selective attention for emotional
faces did not vary the age of the facial stimuli. Future studies need to include faces of
different age groups to compare the positivity effect in visual attention toward own- and
other-age facial stimuli.
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Limitations and Future Directions

One limitation of the present study is that we used an implicit regulatory context. SST
predicted that older adults chronically activate emaotional goals and that these goals lead
their gaze patterns toward goal-consistent information (i.e., more positive). Participants in
the present study were instructed to look “naturally” at emotional stimuli. Therefore, it is
unclear whether the positive gaze preferences found in older adults actually reflect an
underlying motivation to regulate emotions and maintain a positive affective state. A future
avenue of research would be to directly link age-related gaze patterns, mood, and attentional
control to elucidate whether the use of positive gaze actually helps older adults enhance their
mood.

Future research is also needed to ascertain whether positive gaze patterns are moderated by
attentional control constraints. One study directly investigating this relationship in an
implicit regulatory context (i.e., passive free viewing) showed that older adults with better
executive function were able to resist mood decline throughout an eye-tracking session by
displaying positive gaze preferences (Isaacowitz, Toner, & Neupert, 2009). On the other
hand, Noh et al. (2011) created an explicit regulatory context by instructing participants to
deliberately manage how they felt while viewing highly arousing, unpleasant images, and
they found that alerting (i.e., using external warning cues to guide attention), but not
executive function, predicted age differences in the link between gaze patterns and mood
changes. That is, only older adults with well-developed alerting abilities were able to resist
mood decline over time. They accomplished this by looking less at the most negative areas
of images. Thus, examining gaze-mood links across various regulatory contexts, as well as
considering different types of attentional ability, can provide a comprehensive picture of the
role of attentional control in the positivity effect.

A limitation of the present study is that the noise distractions used may not have been
intense enough to reduce attentional-control resources and prevent older adults from being
able to implement their emotion-regulation strategies. Unlike previous studies, which
examined positivity effects under a dual-task load, the present study used external noise
which may more accurately reflect how older adults experience the demands of emotion
regulation in everyday life. While our goal was to vary contextual demands, we needed our
participants to be able to decode the emotions in the stimuli (even with highly distracting
visual noise) in order to identify age-related gaze preferences for some emotions over others.
For this reason, emotional cues had to be provided in the high-visual-noise condition, and
older participants were able to demonstrate a positivity effect in their gaze despite such a
significant distraction. Therefore, future research should examine the effects of varying
intensities of noise distractions to provide a greater understanding of the conditions under
which older adults display gaze preferences and how much attentional control is required for
older adults to display positive gaze preferences. Only a small number of studies have
examined the role of attentional control in the positivity effect in visual attention. The
present study highlights the need for further examination of the interaction between
attentional control and the positivity effect. This interaction could be illuminated by
systematically varying the demands on attentional control of visual attention.
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Time-sensitive measures would also be helpful to delineate the role of attentional control in
the positivity effect on gaze. Depending on their attentional-control resources, the path used
by older adults to achieve a positivity effect in emotion processing might differ (Foster et al.,
2013; Isaacowitz et al., 2009). As we did not measure the time course of positive gaze
preferences in the present study, we were unable to further investigate this potential way of
further differentiating the path. This would be an important area for future study.

In sum, the present findings extend previous investigations on the age-related positivity
effect in visual attention (Allard et al., 2008, 2009; Knight et al., 2007). This study provides
evidence that eliciting positive gaze may require some attentional control, yet positive gaze
preferences can still appear in a highly demanding context when external cues support
emotional information processing. In light of the previous and current findings, it seems that
while some types of attentional distractions or contexts may support age-related positivity
effects, others may not. Conceptual models used to explain the mechanism and function of
these age-related processes will need to incorporate a more complex understanding of the
contexts within which age-related phenomena occur.
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Medium High Auditory
noise

Visual noise

Figure 1.
Sample pictures of younger and older faces used in the five noise conditions.
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Figure2.
Fixation ratios by age group and emotional face type (fearful, happy). Bars indicate standard

errors. Notations of significance (*p < .05, ***p < .001) next to each bar indicate that the
ratio score for that condition is significantly different from zero. Notations of significance
next to the label for an emotional face type indicate a significant difference between age
groups for that face type.
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Fixation ratios by noise condition and emotional face type (fearful, happy). Bars indicate
standard errors. Notations of significance (*p < .05, ***p < .001) next to each bar indicate
that the ratio score for that condition is significantly different from zero.
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Demographic Information and Means and Standard Deviations for Sensory, Cognitive, and Affect Measures

for Younger and Older Adults

Younger (n=60) Older (n=34)
Variable M SD M SD
% female 62 79
Age 19.23 128 68.41 6.16
Self-rating of health® 4.22 0.74 3.79 0.98
Sensory functioning
Rosenbaum near vision™* 2250 312 2750 3.08
Pelli-Robson contrast sensitivity** 170 0.14 150 0.16
Pure-tone average™ " @ 8.26 384 1685 472
Cognitive functioning
MMSE 29.40 091 29.39 1.00
WAIS digit symbol substitution? 048 015 050 010
TMT-B time in seconds™*P 6550 2504 9673 44.19
Vocabulary™* 1350 214 1624 254
Affective functioning
PANAS positive affect” 3012 674 3419 659
15.05 510 12.06 2.95

PANAS negative affect”

Note. Self-reported current health, with scoring options ranging from 1 (poor) to 5 (excellent). Rosenbaum Pocket Vision Screener for near vision
(Rosenbaum, 1984); Pelli-Robson Contrast Sensitivity Chart (Pelli, Robson, & Wilkins, 1988); MMSE = Mini-Mental State Examination (Folstein,
Folstein, & McHugh, 1975) maximum score = 30; WAIS = Wechsler Adult Intelligence Scale-Revised (Wechsler, 1981); TMT-B = Trail Making
Test Part B (Reitan, 1992); Shipley Vocabulary Test (Zachary, 1986) maximum score = 21; PANAS = Positive and Negative Affect Schedule

(Watson, Clark, & Tellegen, 1988).

a‘I'he pure-tone average was calculated by averaging the values at 500, 1000 and 2000 Hz from the pure-tone audiometry (American National

Standards Institute [ANSI], 1989).

b -
Lower scores indicate better performance.

*
p<.05,

* %
p < .01 for group differences.
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