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Abstract Successful goal-directed visual behavior depends on
efficient disengagement of attention. Attention must be with-
drawn from its current focus before being redeployed to a new
object or internal process. Previous research has demonstrated
that occupying cognitive processes with a secondary cellular
phone conversation impairs attentional functioning and driving
behavior. For example, attentional processing is significantly im-
pacted by concurrent cell phone use, resulting in decreased ex-
plicit memory for on-road information. Here, we examined the
impact of a critical component of cell-phone use—active listen-
ing—on the effectiveness of attentional disengagement. In the
gap task—a saccadic manipulation of attentional disengage-
ment—we measured saccade latencies while participants per-
formed a secondary active listening task. Saccadic latencies sig-
nificantly increased under an active listening load only when
attention needed to be disengaged, indicating that active listening
delays a disengagement operation. Simple dual-task interference
did not account for the observed results. Rather, active cognitive
engagement is required for measurable disengagement slowing
to be observed. These results have implications for investigations
of attention, gaze behavior, and distracted driving. Secondary
tasks such as active listening or cell-phone conversations can
have wide-ranging impacts on cognitive functioning, potentially
impairing relatively elementary operations of attentional func-
tion, including disengagement.
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Selective attention depends on the availability of cognitive con-
trol resources. For example, under a working memory load, be-
havioral interference from salient visual distractors increases
(Lavie & de Fockert, 2005, 2006). Under a cognitive load, ob-
servers are less likely to detect the sudden appearance of a new
object (Boot et al. 2005; Cosman & Vecera, 2009; Matsukura
et al. 2011), and visual search rates increase (Han & Kim, 2004).
Cognitive control processes thus appear critical for maintaining
attentional priorities (e.g., Norman & Shallice, 1986).

Most of the previous studies on cognitive load and atten-
tional control rely on non-naturalistic secondary tasks, such as
digit maintenance or mental math (e.g., Han & Kim, 2004).
More naturalistic secondary tasks, such as engaging in a con-
versation, can impact complex behaviors that heavily rely on
attention, such as driving. For example, the cognitive load
imposed by cell-phone negatively affects driving, including
maintaining lane position (e.g., Strayer & Johnston, 2001)
and explicit memory for on-road objects and events (Strayer
et al. 2003; see Strayer & Drews, 2007). A cognitive load also
reduces in-vehicle gaze behaviors, such as checking the
rearview mirror and speedometer (Nunes & Recarte, 2002).
Active listening appears to be the central component of cell-
phone-induced performance declines in driving; Just et al.
(2008) demonstrated that active listening—answering simple
‘true/false’ questions—impaired virtual driving ability.

Despite the evidence that more naturalistic secondary tasks
impact complex behavior, the impact on specific attentional
operations is less well understood. The deployment of visual
attention depends on several component processes. Attention
must be disengaged from its current locus before being moved

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.3758/s13423-017-1310-z&domain=pdf

Psychon Bull Rev

and engaged at a new location (Posner et al. 1984; Posner &
Petersen, 1990). Any of these components could be affected
by conversation. Critically, the movement and (re) engage-
ment processes are dependent on the initial disengagement
or releasing of attention from its current focus; saccadic eye
movements are not executed without first disengaging atten-
tion (Brockmole & Boot, 2009; Boot & Brockmole, 2010;
Hoffman & Subramaniam, 1995; Fischer & Weber, 1993;
Wright et al. 2015).

The purpose of the current research is to ask if naturalistic,
active listening influences the control of visual attention, spe-
cifically the disengagement of visual attention. This issue is
relevant for pinpointing the attentional operations affected by
a cognitive load, but also for bridging basic attention research
with applied issues, such as understanding the attentional op-
erations responsible for the decline of driving performance
during cell-phone use.

In two experiments, participants performed a laboratory
measure of oculomotor disengagement during active listening
or no active listening. Participants executed saccadic eye
movements to peripheral targets when the central fixation ei-
ther remained visible (“overlap” trials), or was removed prior
to target onset (“gap” trials). Saccadic latencies are slower on
overlap trials than on gap trials, a finding termed the “gap
effect” (Saslow, 1967; also see Kingstone & Klein, 1993;
Pratt et al. 1997; Reuter-Lorenz et al. 1991, 1995). One pro-
posed mechanism for faster responses on gap trials is that
fixation offset disengages attention prior to saccade execution
(Fisher & Breitmeyer, 1987; Pratt et al. 2006; but see
Kingstone & Klein, 1993; Reuter-Lorenz et al. 1991). Prior
to an eye movement, active fixation must be suppressed—that
is, disengaged—before saccade execution (e.g., Dorris &
Munoz, 1995). Importantly, in our overlap trials, the fixation
changed color with the same timing as fixation offset to equate
the alerting associated with fixation offset on gap trials,
allowing for a measure of disengagement uncontaminated by
alerting (Reuter-Lorenz et al. 1995).

In Experiment la, participants performed the gap task
while either actively listening to and answering true/false
questions or in a no-question control condition. If attentional
disengagement is slowed by a secondary active listening task,
saccadic reaction times (SRTs) should be disproportionately
slowed for overlap trials, because these trials require a release
of attention prior to an eye movement (Hoffman &
Subramaniam, 1995; Fischer & Weber, 1993). In contrast, if
other attentional operations (e.g., the time to move attention to
a peripheral target) are slowed under active listening, SRTs
would be slowed for both gap and overlap trials under a con-
current active listening task.

In Experiment 1b, we ruled out peripheral interference from
the mere presence of the auditory questions. Participants per-
formed the gap task while listening to true/false questions, but
participants were not required to answer the questions. If active
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listening slows attentional disengagement, then SRTs should not
differ between the no-load and passive listening conditions in
Experiment 1b. If any auditory distraction slows disengagement,
then SRTs should be similar between Experiments 1a and 1b.

Experiment 1
Methods
Participants

Twenty-six college-aged adults were recruited from the
University of lowa research participation pool. All had normal
or corrected-to-normal vision. Twelve participants performed
the gap task with active listening in Experiment 1a; 14 partic-
ipants performed the gap task with passive listening in
Experiment 1b.

Materials

Stimuli appeared on a CRT monitor (1024 x 768 resolution,
60 Hz refresh rate) positioned at the participant’s eye-level in a
darkened room. Participants sat with their heads steadied by
chin and forehead rests, approximately 60 cm from the mon-
itor. Eye position was monitored on-line using an EyeLink
1000 system (SR Research) in a desktop-mounted configura-
tion, operating at a 1000 Hz sampling rate.

Procedure

Participants completed a brief 9-point calibration procedure.
Recalibrations occurred as needed.

Participants performed two blocks of trials, counterbalanced
across participants. During the no-question block, participants
performed the gap task, making speeded saccades toward periph-
eral targets when the fixation point persisted (overlap trials), or
when the fixation point disappeared (gap trials). During the ques-
tion block, participants performed the gap task in conjunction
with a secondary active listening manipulation described below.
Participants performed a minimum of eight practice trials before
beginning experimental trials. Each block contained 32 trials.
Participants rested briefly between blocks.

Sample trials are depicted in Fig. 1. First, a 0.5° fixation circle
appeared on a black background. An invisible, 2.6° square fixa-
tion zone surrounded the fixation circle. Participants’ gaze had to
fall inside the fixation zone to initiate a trial. Trials with blinks or
with eye movements outside this zone prior to target onset were
indicated with an auditory tone, and were repeated later in the
experiment.

Participants initiated each trial by pressing spacebar. In the no-
question block, the words “eyes only” then appeared at fixation
for 1 s, followed by fixation reappearing for 3000 ms. Next, two
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Fig. 1 Depiction of the gap task. Each trial began with a central fixation,
followed by placeholders that appeared at one of two possible
eccentricities. On overlap trials, the fixation changed color prior to
target onset to alert participants to the upcoming target. On gap trials,
the fixation disappeared prior to the target. Participants maintained

white square placeholders (0.25°) appeared simultaneously on
the left and right of fixation for 2500 ms. These placeholders
always appeared in opposite hemifields, and at the same eccen-
tricity (4.7° or 9.2°). Simultaneously with placeholder onset, cen-
tral fixation changed color, to either purple (RGB 255, 0, 255) or
orange (255, 90, 20).

In overlap trials, central fixation changed color 200 ms
prior to target onset. On trials where the central placeholder
initially changed to orange at placeholder onset, it changed to
purple, and vice versa. In gap trials, the central placeholder
disappeared 200 ms prior to target onset. Then, a target object,
a 1° white unfilled square, appeared for 1250 ms around one
placeholder. Participants moved their eyes to the target as
quickly and accurately as possible.

Target hemifield (left or right), saccade magnitude (4.7° or
9.2°), and gap condition varied unpredictably. Saccadic eye
movements were detected in real-time as having an amplitude
of 0.2° or greater, a velocity threshold of 30°/s or greater, and
acceleration of 9000°/s or greater. Following target offset, a
central placeholder appeared, marking the end of a trial.
Participants pressed spacebar again to advance to the next
trial.

The active listening block in Experiment 1a was identical
to the standard gap described above. First, the words “please
listen carefully” appeared at fixation. Following the reappear-
ance of fixation, an experimenter began reading a true/false
statement during the delay interval, subsequent target onset,
and eye movement execution phases. True/false statements
were created using a subset of items selected from a previous-
ly published investigation of listening and driving (Just et al.
2008), resulting in a total of 54 possible items read by the
experimenter in a predetermined order.

After saccade execution, the text “respond true or false”
appeared in the center of the screen. Participants responded
verbally whether they believed the statement was true or false.
No feedback was given regarding answer accuracy. All

>

fixation until the target object appeared, then made a saccadic eye
movement to its location. Note: all items appeared with white lines on a
black background in the experiment. Eye symbol denotes approximate
position of participants’ eyes during the task

questions were approximately the same length, lasting 4-5 s
when read by a trained experimenter, who was blind to the
trial type (gap versus overlap). Importantly, all statements
spanned the saccade planning and execution phases, requiring
participants to actively process the spoken material throughout
a trial.

When an anticipatory eye movement occurred, the experi-
menter discontinued the current question. These questions
were not reused in subsequent trials. Participants were
instructed to move their eyes as soon as the target was detect-
ed, and to not wait until the experimenter finished a statement.
Finally, note that the number of questions exceeds the number
of trials. We included additional questions to avoid resampling
items on aborted trials.

The same questions were used in the passive listening task
in Experiment 1b, except that participants were informed they
did not need to answer the questions and only needed to move
their eyes to the target as quickly as possible following its
onset.

Results and Discussion

In Experiment la, participants answered the true/false state-
ments correctly on 91.4% (SD =6.23) of trials, which was
significantly above chance performance, #(11)=22.89,
P <.001, indicating that participants were engaged in the ac-
tive listening task.

Raw saccadic reaction times (SRTs) were first trimmed for
each participant. All SRTs less than 100 ms, or greater than 2.5
SD from the participant’s mean, were discarded from subse-
quent analyses. This trimming removed less than 2% of all
trials in Experiment la, and less than 1% of all trials in
Experiment 1b. We conducted a repeated-measures ANOVA
including within-subjects factors of gap condition (gap versus
overlap trials) and listening (no-question versus active or
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passive listening load) and experiment as between-subjects
factors. All analyses collapsed across target side and
eccentricity.

Preliminary analyses found neither a main effect of task
order nor an interaction between task order and the other var-
iables. Subsequent analyses collapsed across task order. As
evident in Fig. 2a, we observed a gap effect across all condi-
tions, with faster SRTs in the gap condition (234.29 ms) than
in the overlap condition (298.76 ms), F(1, 24)=124.11,
P<.0001, n*=.84. We also observed a marginal main effect
of question condition, F(1, 24)=3.11, P=.09, n*=.12, with
numerically slower SRTs when questions were read
(274.0 ms) than when there were no questions (259.05 ms).
Responses were not significantly different between the two
experiments, F(1,24)=2.77, P=.10, n*=.12.

Most important was the significant three-way interaction,
F(1, 24)=12.72, P=.002, nz =35, which resulted because
the gap effect was larger during active listening (98.24 ms)
than in all other conditions (53.22 ms), all ts>2.76, Ps <.02.
One concern, however, is that these findings may be driven by
a floor effect on the gap trials, in which eye movements are
near their physical minimum and cannot become any faster.
Nevertheless, SRTs were slower in the overlap condition dur-
ing active listening (349.24 ms) than during passive listening
(271.02 ms), #24)=3.42, P=.002, d=1.51, demonstrating a
delayed disengagement under active but not passive listening
that does not depend on gap trial 3results of Experiment 1
indicate that active, but not passive, listening delays attention-
al disengagement as assayed by the gap task. Active listening
slowed saccadic latencies on overlap trials, where attention
had to be disengaged prior to saccade execution. We next
explored the source of this delayed disengagement. One pos-
sibility is that accessing semantic memory to answer a ques-
tion is effortful and delays attentional disengagement. Another
possibility is that the working memory load associated with
answering questions delays attentional disengagement. To test
between these plausible alternatives, in Experiment 2 we ma-
nipulated question difficulty, using easy questions (from

Experiment 1a: Active Listening

3g0 DGap
360 4 W Overlap

Saccadic Reaction Time (ms)
w
o
o
!

Nod.istening Active Listening

Fig. 2 Results of Experiment 1. Left panel Saccadic reaction times
(SRTs) under active listening or control (Experiment la), right panel
SRTs under passive listening or control (Experiment 1b). Vertical bars
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Experiment 1) and difficult questions. Difficult questions
would require more effortful access of semantic memory, but
not necessarily a greater working memory demand. If seman-
tic memory access produced the disengage delay, then answer-
ing difficult questions should delay disengagement beyond
answering easy questions. However, if the disengagement de-
lay is due to working memory encoding and maintenance,
then question difficulty should have little, if any effect.

Experiment 2
Methods
Participants

Participants were 24 college-aged adults recruited from the
University of Iowa research participation pool. All partici-
pants had normal or corrected-to-normal vision.

Materials and Procedures

All materials and procedures were identical to Experiment 1a,
with the exception of the difficult true/false statements de-
scribed below. Both no-question and active listening blocks
presented 48 trials each; block order was counterbalanced
across participants.

Design

All eye-tracking task parameters and conditions were identical
to Experiment 1. True/false statements were dichotomized as
“easy” or “hard” based on previous research (Just et al. 2008).
We used 53 easy statements, some of which were used in
Experiment 1, and 54 hard statements. We blocked questions
by difficulty, counterbalanced across participants. During ac-
tive listening, the experimenter transitioned between content
lists (easy versus hard or vice versa) after 12 trials where an

Experiment 1b: Passive Listening

400
3go{ DGap
360 4 W Overlap

Saccadic Reaction Time (ms)
w
o
o
!

No Listening Passive Listening

Within-subject 95% confidence intervals on gap versus overlap
comparisons for each condition
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eye movement was successfully executed. These transition
points were unknown to participants. Participants were
instructed that some items would be more difficult than others
and that they should continue to listen to each statement and
respond to the best of their knowledge. This design resulted in
24 trials per content difficulty condition.

Results and Discussion

Accuracy was 90.8% (SD =7.47) for easy questions and
76.9% (SD =12.34) for hard questions, both significantly
above chance, #23)=27.12, P<.001 for easy questions, and
#23)=10.68, P <.001, for hard questions. Accuracy was sig-
nificantly greater for easy questions than for hard questions,
#23)=13.88, P<.001, confirming the question difficulty
manipulation.

Influence of Content Difficulty

The average SRTs across conditions appear in Fig. 3. SRT
trimming (<2% of trials) used the criteria from Experiment
1. We first examined the impact of statement difficulty on
SRTs, using a repeated-measures ANOVA with the within-
subjects factors of gap condition (gap versus overlap trials)
and question difficulty (easy versus hard). We observed a
significant main effect of gap condition, with faster SRTs in
the gap condition (260.65 ms) than in the overlap condition
(360.28 ms), F(1, 20) = 144.52, P< 0001, n* = .88. The main
effect of question difficulty was not significant, demonstrating
SRTs did not significantly differ between easy and hard state-
ments, F(1, 20)=.013, P =. 910, r]2=.001. The lack of an
effect of question difficulty was verified by computing a JZS
Bayes factor (Rouder et al. 2009), which was 4.631, which
strongly favors the null hypothesis, further suggesting there

Experiment 2: Active Listening & Question Difficulty
400
380 DGap

B Overlap

360
340 4
320 4
300
280
260

Saccadic Reaction Time (ms)

240
220 A
200

Easy Hard

No Listenin . .
g Questions Questions

Fig. 3 Results of Experiment 2. SRTs for no question, easy questions,
and hard questions by gap versus overlap conditions. Vertical bars
Within-subject 95% confidence intervals

was no difference between SRTs when listening to easy versus
hard questions.

Finally, there was no interaction between gap condition and
question difficulty, (1, 20)=.032, P=.861, n*=.002, sug-
gesting that content difficulty of the statements did not differ-
entially influence SRTs across gap and overlap trials.

No-Question versus Active Listening

To replicate the analyses from Experiment la, we collapsed
across content difficulty to directly compare the influence of
active listening on attentional disengagement.

We observed a significant main effect of trial type, F(1,
23)=228.32, P<.0001, r]2= .91, with faster SRTs in the
gap condition (252.19 ms) than in the overlap condition
(337.39 ms). We also observed a significant main effect of
question condition, F(1, 23)=15.49, P=.001, n2 = .40, with
faster SRTs in the no-question condition than in the active
listening conditions. The interaction between trial type and
question type was significant, F(1, 23)=9.42, P=.005,
n® = .29, indicating that active listening increases the gap ef-
fect compared to a no-question baseline.

Experiment 2 finds slowed attentional disengagement in
the gap task under active listening but no effect of question
difficulty. These findings suggest that the primary cost of ac-
tive listening might be on encoding and maintenance of the
statement into working memory, not the difficulty of informa-
tion retrieval from semantic memory. However, working
memory has many associated processing (e.g., encoding,
maintenance, manipulation), and further work will be neces-
sary to pinpoint the source of the disengage delay we have
reported.

General Discussion

Our experiments indicated that active listening delayed overt
attentional disengagement as measured by the gap task.
Disproportionate slowing of SRTs occurred in the overlap
condition under active listening—precisely the condition in
which attention needed to be disengaged from central fixation
prior to the ensuing saccade. Active listening is the necessary
ingredient for delayed disengagement; passive listening did
not significantly impact disengagement. Question difficulty
did not have a measurable influence on SRTs.

The current results carry implications for the supervisory
control of visual attention. Previous studies on cognitive load
and attentional control typically use non-naturalistic second-
ary tasks such as digit maintenance or mental math (e.g., Han
& Kim, 2004). In contrast, active listening is commonplace
and draws on myriad processes, including working memory
processes such as maintenance, updating, and manipulation.
Our results demonstrate that even relatively low-level
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component operations of attentional orienting are impacted by
daily activities—namely, active listening.

On the theoretical front, our findings extend the known
influence of secondary tasks on eye movements and overt
attention. A cognitive load impacts effortful behaviors, such
as executing an antisaccade in the direction opposite a target
(e.g., Roberts et al. 1994), as well as slowing other attentional
phenomena, such as inhibition of return (Klein et al. 2006).
However, our findings show that even more elementary be-
haviors such as attentional disengagement also are affected by
a cognitive load.

On an applied front, our results suggest one possible source
of the impairment cell-phone use produces on driving. A con-
current cellular-phone conversation impairs vehicle control,
attention, and memory for on-road events (Horrey &
Wickens, 2006). Studies that have included eye tracking are
broadly consistent with our hypothesis that active listening,
and, by extension, cell-phone conversation, delays attentional
disengagement. If visual attention is slower to disengage dur-
ing a cell-phone conversation, then the visual periphery
should be sampled less often during a cell-phone conversa-
tion, producing an attentional tunnel vision. Atchley and
Dressel (2004) reported a reduced field of view during a con-
versation, suggesting that attention might be ‘sticky’ and dif-
ficult to disengage while driving under a cognitive load.
Slowed disengagement may partially explain increased crash
risk during phone use, because drivers are delayed in attend-
ing to peripheral on-road events.

The influence of a secondary task on attentional disengage-
ment suggests that attentional disengagement may show indi-
vidual differences that covary with cognitive control mea-
sures. Individual differences in visual short-term memory pre-
dict attentional recovery from distraction (Fukuda & Vogel,
2011), which may be tied to the disengagement of attention
from a visual distractor. Cognitive decline in older adults also
delays attentional disengagement (Cosman et al. 2011, 2012).
Such issues raise interesting avenues for further research.
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