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Abstract
The bilateral eye-movement manipulation faatles cognition on a range of cognitive tasks,

including executive functions task
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The Impact of Bilateral Eye Movements on Frontal-Midline Theta

Executing rapid bilateral eye-movementsa isianipulation that has gained increasing
attention in recent years dueit® effects on cognition. Research on bilateral eye-movements
(BEMs) has demonstrated its effects on cognitn areas such as memory, attention, and
creativity, among others (e.g., Christman, Ggr\®ropper, & Phaneuf, 2003; Lyle & Martin,
2010; Shobe, Ross, & Fleck, 2009). Howeveseegch exploring the impact of BEMs on
cognition is mixed, with resultgarying depending on consistenafyhandedness (e.g., consistent
versus inconsistent handed; Brunye, Malypaigustyn, & Taylor, 2009; Lyle, Hanaver-
Torrez, Hacklander, & Edlin, 2012; Lyle, LogaRoediger, 2008; Parker & Dagnall; 2010), as
well as whether eye movements were horizontal or vertical (Christhadn 2003; Lyleetal.,
2008). More importantly, there gsshortage of neuroimaging raseh clarifying the impact of
BEMs on brain activity (c.f., Propper, Pier€gisler, Christman & Bellardo, 2007; Samara,

Elzinga, Slagter, & Nieuwenhuis, 2011).
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of executive attention and working memory (Gewhal., 1998; Gevins, Smith, McEvoy, & Yu,
1997), and will allow a direct $¢ of the SICE theory.

The BEM manipulation is typically impleented using 30 s of rapid eye movements
performed by participants trackiagdot visually that alternates in location between the left and
right sides of a computerrgen every 500 ms (Christmanal., 2003; see also Lyle & Edlin,
2015; Shobe, Ross, & Fleck, 2009). BEMs have beed umsclinical sethgs such as during
therapy for PTSD. According to thedaptive Information Processing Mod@lIP; Shapiro &
Solomon, 1995), BEMs facilitate the processamgl alleviation of ditressing memories
(Shapiro, 1989). Shapiro’s model postulates itigrnal and external triggers can elicit the
original perceptions ad distressing memory thereby inthgpsychosomatic symptoms (e.g.,
high anxiety, nightmares, intrusive thouglgsjomon & Shapiro, 2008). According to the AIP
model (Solomon & Shapiro, 2008), the bilatetahslation in EMDR therapies allows the
individual to access previously stored dysfunadidnformation and to link the distressing
memory with information from other memorytnerks thereby enabling new associations. The
reduction in distressing memosymptoms of PTSD following BEMs has been supported in

various studies (e.g., Lee & Drummond, 2008; L
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callosum. The assumption is that BEMs equadizivation levels of the hemispheres allowing
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six days. One week after submitting their jourries, participants were assigned to
participate in one of two condiins before recall; a 30 s BEM cotidn or a 30 s central-control
condition. Participants in the BEM conditiorcedled significantly more journal entries and
produced fewer false recalls than the centosit®l condition. The results of Experiment 2
suggest that BEMs increased episodic memory wedrfer real-life events in addition to the lab-
based word lists used in Experiment 1. Howelbiecause hemisphericta@tion or interaction
was not measured for either experiment theeolled memory enhancement, it is unknown if
performance following BEMs correlatevith a change in IHI.

In subsequent research exploring the necwalelates of BEMsRropper and colleagues
(Propperetal., 2007) used EEG to measure potéictianges in coordination between the
hemispheres after participants were exposé&&Bmls. Propper et al. (2007) examined gamma
activity (35-54 Hz) due to theirsaociation with the processiogepisodic memories (Babiloni
etal., 2010). Examination of horfagous frontal sites FP1 and FR2re also chosen because of
their associations with episodic memory. THeidings indicate that engaging in BEMs led to a
decrease in the correlationgdmma power between the two frorgédctrode sites compared to
a central-control condition. The researcherknowledged the discrepancy between their
findings and the IHI hypothesis asthted that changes in brairtigity do not always translate
into changes in cognitive function (Propgeal., 2007). According t@ropper et al. (2007),
interhemispheric coherence indieatthat the two hemispheres are doing similar things, and
interhemispheric interaction indicates that twenispheres are performing coordinated, but not
necessarily similar things. The authors assattaldecrease in interhemispheric coherence does
not necessarily indicateraduction in IHI (Proppeetal., 2007), as was seen in prior research

using bimanual motor tasks in which participastiswed significant increas in coordination of
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their left and right hands (IHI), but decreasf gamma-band interhemispheric coherence
between the hemispheres (Gerloff & Andres, 2002).

As a direct follow up, Samargt al. (2011) tested the IHiypothesis and highlighted



Bilateral Eye-Movements 8

of frontal electrodes (FT7 and FT8) showedkarease in alpha band (8-13 Hz) coherence after
BEMs. Samara et al. (2011) presume that singesatoherence has previously been shown to be
reduced during a cognitive taskrses a resting state (Nun&000), perhaps less coherence in
the alpha frequency band at frorgdgctrode reflects brain statetated to decreased arousal or
cognitive processing. Interestinglyghavioral data indicated a sifjoant increase in recall of
emotional words for the BEM condition compatedhe central-control condition. This set of
findings suggests that IHI may not be the caitichange in brain activity associated with

retrieval enhancement and thiais cognitive enhancement maythe result of other underlying
mechanisms.

To further test the IHI theoryLyle and Martin (2010) utilied a letter matching task to
differentiate the impact of BEMs on intiispheric processing versus interhemispheric
processing. In this task, particiganvere asked to fixate on a ssoin the middle of the computer
screen and indicate when the bottom letter hextdhe top letter thaippeared by pressing the

letter “h”. The authors reasonedthf the target and a matchindgtér probe are presented in the
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incongruent flankers were sidicantly faster following BEMs than a central-control condition,
and no differences were found in RTs between grémpisials containingcongruent flankers.
Therefore, BEMs reduced RTs whenever theas incongruent inpuhat required greater
attentional control to overcomeetimismatch, an indication thBEMs specifically enhanced the
subsequent operation of the executwection network (Edlin & Lyle, 2013).

The purpose of the present research wasdasure the electrophysiological effects of
BEMs on the frontal-midline region of the brakrontal-midline theta (FMT) is defined as
rhythmic waves at a frequency of 4-8 Hz meaduat electrode Fz reflecting activity of dense
projections from Brodmann'’s Areas 8, 9, 24, 82d 33 to the frontal-midline region (Geviets
al., 1997; Ishietal., 2014; Pizzagalli, Oakes, & Davais, 2003). Interestingly and relevant to
the current study, voluntary eye movements\daadal attention arénked to the same
Brodmann’s areas\{Iman, Hakeem, Erwin, Nimchinsky, & Hof, 200Rurvesetal., 2001,
Squireetal., 2012). Moreover, increases in FMT hé@een associated with increased attention
(Asada, Fukuda, Tsunoda, Yamaguchi, & Tonpik#99), task difficulty (Gevins, Smith,
McEvoy, & Yu, 1997; Smith, Gevins, Brown, Kakni& Du, 2001), and memory load (Tesche &
Karhu, 2000) which are components of the cognitagks that have been affected by BEMs in
prior research (Lyle & Edh, 2015; Martin & Lyle, 2010).

Additionally, increases in FMT during epdic memory retrieval tasks (Addante,
Watrous, Yonelinas, Ekstrom, & Ranganath, 20&dyber, Tsivilis, Giabbiconi, & Muller,
2008) and in working memory tasks have been reported (Getahs 1997; Gevinstal., 1998;
Hsieh, Ekstrom, & Ranganath; 2011; Robdfsieh, & Ranganath, 2013). In one study that
explored the relation between FMT and td#kiculty, Gevins and colleagues (Geviesal.,

1998) examined the sensitivity of EEG meastiwegriations in working memory load as






Bilateral Eye-Movements 12

sustained attentional control may be assediatith the enhancezbgnition that occurs
following BEMSs.

In addition to studies that have showr #ppearance of FMT to be more pronounced
during the performance of atiiion demanding tasks (Geviasal., 1997; Mizuki, Tanaka,
Isozaki, Nishijima, & Inanaga, 1980; Kubattal., 2000), other investgions have shown a
strong link between FMT activity and lower traitxiety (Inanaga, 1998) and lower state anxiety
(Suetsugi, 2000). To exploreahy link exists between the agrance of FMT and a significant
change in self-report anxiety measures, behalvimeasures of personality and affect were
administered to use as possilbbvariates in the analyses.

The present research explored differencdaNiT in resting-state EEG activity recorded
before and after participants completed 30 B&Ms or 30 s of a central-control manipulation.
Comparable to the method applied by Sanedia. (2011), a 4-min baseline recording,
alternating in 1-min intervals between eyes oped eyes closed was recorded before exposure
to either the BEM or centrabatrol manipulation followed by 4-min post recording using the
same recording sequence. The change in FMT was compared between the BEM group and
central-control group to test the hypothesis thaig@pants in the BEM condition would show a
greater increase in FMT afteretimanipulation than participantsthe central-control condition.

Method
Participants

Ninety-one undergraduate psytbgy students from Stockton Whersity participated in
the research for course credit. Exclusion criterduded a history of &aumatic brain injury or
neurological disorder, epilepsy history of mental healthgbrder and/or current use of
medications for the treatment of mental healoriers, and substances(eldiction in the past

year.. Sixteen participants did not have us&8if& data and weresa excluded from the
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analysis. Lastly, only partigants who scored a 70 or higher on the Edinburgh Handedness
Inventory (EHI; Oldfield, 1971) we classified as strongly righhanded and were included in
the analysis. Those who scored below 70 on thevigte classified as weak-handed and were
excluded from analysi$€15), leaving 60 participants (6 felag, 54 males) for data analysis.
Demographics and data from self-report measof@rsonality and affect for the remaining
participants ar@rovided by condition in Table 1.
Materials

The Positive and Negative Affect Sclitrile (PANAS; Watson, Clark, & Tellegan,
1988).The PANAS is comprised of 20 emotionakdeptors, 10 which assess negative affect
(NA; e.g., hostile or nervous) and 10 which asggositive affect (PA; e.g., enthusiastic or
attentive). Respondents indicateatbat extent they have felt thigay during the past week using
a 5-point Likert scale. Watsaet al. (1988) have provided eeidce demonstrating that the PA
and NA scales are valid assessments of positive and negative affect. For the PA Scale, the
Cronbach’s alpha coefficient ranged from .86%0 and for the NA Scale was between .84 and
.87. In addition, over an 8-week &nperiod test-reteseliabilities (.68 for PA and .71 for NA)
indicate that the PANAS is ali@ble measure of trait affeeind possesses strong concurrent
validity for measures that include generalmiss and dysfunction, depression, and state anxiety

(Watson et al., 1988).
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Schizotypal Personality Questionnaie-Brief (SPQ-B; Raine & Benishay, 1995).The
SPQ-B is a 22 item self-report measure of sdigjzal personality characteristics based on the
original SPQ (Raine, 1991), a self-reporlscmodeled on the DSM-III-R criteria for

schizotypal personality disordéfhe SPQ-B contains threectars modeled after the three
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scissors, using a knife without a fork, angkeng a match) by choosing from the following
responses (with the corresponding scoring): Alwagfs (-10), Usually Left (-5), No Preference
(0), Usually Right (5), or Alwgs Right (+10). Handedness scores for participants range from -
100 (dominantly left-handed) &0 (dominantly right-handed).

EEG.

High-density EEG data were recordedngsa 129-channel HydroCel Geodesic Sensor

Net, with Cz reference (Electrical Geodeslos,). Sensor impedance levels were below 5Q K
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The procedure for the present research was approved by Stockton University’s
Institutional Review Board. Participants bedmngiving written informed consent for their
participation in the project. The consentnfowas followed by the demographics form.
Participants were then askedcomplete the PANAS (Watsatal., 1988), TIPI (Goslingtal.,
2003), and the SPQ-B (Raine & Benishay, 1995)rgaddhe EEG portion of the experiment; the
order of the questionnaires was counterbalamaoedss participants. After the questionnaires
were completed, the EEG net was applied. A mdblition of distilled water and potassium
chloride was used as a conductance medium.

During the EEG recording, participants bedgy having their resting brain activity
recorded for 4 minutes, alterireg back and forth betweenniinute eyes-closed and 1 minute
eyes-open recordings. During theseordings participants were asked to sit in a relaxed position
and not to think about anything jparticular. After recording réag brain activity, half of the
participants engaged in a BEM manipulationitastor 30 seconds (experimental condition). In
the BEM condition, participants weasked to track a moving circéss it shifted back and forth
between the left and right sidesthe computer screen, switnf in location every .5 seconds
(see Christmaetal., 2003). The other half of the panpants engaged in a central-control
manipulation. In this task, parti@pts were asked to view a cir@tethe center of the computer
screen that randomly changed color two tipessecond. This control task offered visual
stimulation but did not involveye movements. Random assignment was used to assign each
participant to either the experimentalomntrol condition. After tB 30-second manipulation
(experimental or control), participants’ brain &itti was recorded again for 4 minutes using the

same sequence as in the pre-manipulatiorrdery. Immediately aftethe post-manipulation
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recording, participants completed the P
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In order to explore differences the distribution of absolutgower in the theta frequency
band in the midline region in more depth, &2 x 3 mixed model analysis of variance was
performed with visual manipulatioBEM versus central-contrad)s a between-subjects variable
and time (pre and post) and anterior-posterid?)(@lectrode location (et&odes Fz, Cz, and Pz)

as within-subjects variables to analyze (sepifé 1 for the electrodayout used in the
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FMT from pre to post manipulation and the ttekcontrol group showed a decrease in FMT
from pre to post manipulation (see Tabl®Belectrode power means by condition). Two
supplemental analyses were conducted usingmigost PANAS scores to determine if BEMs
had a significant impact on positive and negatned compared to a control group. The results
of a 2 (Time: pre versus post) x 2 (Condition: BEM versus central-control) mixed-model

ANOVA examining changes in negative moosealed a significant Time x Condition
interaction F(1,58) = 4.698p = .034, /ﬁ': .075) (see Table 4 & FiguBy; differences between
groups for positive mood were not significant, but displayed a general increase from pre to post

for the BEM group and a decrease for the @tontrol group (see e 5 & Figure 6).

Subsequently, a mixed model analysisvafiance of the midline region revealed no

ew2iA5-25.49
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interaction for frontaklectrode pair F3-F4+(1,58) = 8.095p = .006, /ﬁ': .122) and parietal

electrode pair P3-P4(1,58) = 10.911p = .002, /§
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change in mean FMT power from pre to fposboth conditions. Aditionally, the BEM group
showed a general increase in positive mood astdtestically significantlecrease in negative
mood, and the central-control group again shotledpposite affect; namely a decrease in
positive mood and a statistically sigodnt increase in negative mood.

Exploratory analyses did ngveal significant differences #ite midline region (Fz, Cz,
Pz) between the BEM group and the central-cogir@up in any of theecording conditions:
eyes-closed, eyes-open, or combined. Howewvsignificant effect wafound at frontal and

parietal lateral electrode locat
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Edlin and Lyle (2013) proposed that executing the 30 s BEM manipulation produces an
increase in attentional contrat@prepares participants for ex#ige control tasks that follow.
This hypothesis was supported bgittfindings that the executiasf BEMs leads to shorter RTs
during incongruent trials of the ANT-R taskngpared to a central-ctmol group and, as the
authors concluded, that BEMs enhanced tlezattve function netwdrdue to the top-down
attentional control guired to execute BEMs (Edlin & lly, 2013; Edlin & Lyle 2014). The
current study revealed a general increadeMim occurring aftethe execution of BEMs
compared to the central-control condition, anldls support that executing BEMs facilitates
attention and may prime cognition for perfance on subsequent memory, attention, and
creativity tasks (e.g., Christman, Garvey, PropgePhaneuf, 2003; Lyle & Martin, 2010;
Shobe, Ross, & Fleck, 2009). However, while #wigs in attentional-@ntrol between the two
conditions reflected general aiges in the distribution of FMT power, the current study suggests
that the FMT effects may be more apparentrdumore challenging tasielated demands of the
executive function network thagquire greater working memory load and sustained mental
effort (Gevinsetal., 1997; Gevins et. al, 1998; Guh&Wilson, 1992; Smith, Gevins, Brown,
Karnik, & Du, 2001; Yamamoto & Matsuoka, 1990).

One of the aims of the current study wasdatribute to the shorg@ of resting state
EEG research exploring the neural mechanisithswing BEMs. To date, no other study has
specifically explored the effects of BEMs on FMan established EEG marker of executive
attention. Previous EEG research has attetnjotexplain BEMs by testing the IHI hypothesis
which states that BEMs equalizigation levels of the hemisphes thus allowing for superior
episodic memory retrieval (Christmanal., 2003). Propper et.dR008) explored gamma

activity at electrode sites FP1 and FP2 due & tissociation with the processing of episodic
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memories (Babilonetal., 2010). Contrary to the IHI theg Propper et al. (2008) found that
BEMs led to a decrease in gamma coherentedss frontal pole electde pair FP1 and FP2.

No other homologous electrode sites were emath Moreover, a follow up investigation of
BEMs to address the limitations of examiningiragle electrode pair in the aforementioned study

was performed by Samara et al. (2011) a
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parietal locations that occurredncurrently with the increase in frontal theta power coincides
with fMRI studies that showetthat decreases in activity in the temporoparietal junction (TPJ)
during voluntary control of attention along wittcneases in activity in ghintraparietal sulcus
(IP) and the FEF during a visual motion détattask occurredancurrently (Shulmaetal.,
2003). Recent studies have suggesivad dorsal frontoparietal geons are involved in directing
attention based on goals or ex@icins, whereas regions in theJ are activated by subsequent
target detection, particularly tiie target is unexpected and regsiattention to be reoriented
(Corbetteetal. 2000; Linderetal. 1999; Macalusdsrith, & Driver, 2002; MaroislL.eung, &
Gore,2000). The nature of the BEM task aligns clgseith these studies in that it is a visual
manipulation consisting of expectelifts of visual attention alteating from left to right every
500 ms for 30 s without any reomnt@ation of attention. The prederesults open ughe possibility
that the attentionalontrol necessary to perform 30 sBEMs, preparing participants for
executive control tasks that follow, is reflettey theta power changasresting-state brain
activity in frontal and parietakgions, thereby supporting tBaccade Induced Cognitive
Enhancement (SICE) Thed(fgdlin & Lyle, 2013).

Former EEG investigations of resting-stataibractivity, a state oakeful rest without
cognitive task demands, have suggested matikestences in EEG between eyes-closed versus
eyes-open resting states (Chemd;eZhao, Yin, & Wang, 2007; Kouniat al., 2007). EEG data
in the current study underscored differences gsajlosed versus eyepan resting state brain
activity and showed sigficant differences between the BEcondition and the central-control
condition at frontal and parietiteral electrode locations feyes-closed recording conditions
but not in eyes-open recording$e differences in theta powat frontal regions during eyes-

closed recordings is consistent with the findimg€hen et al. (2007) tha¢vealed a significant
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reduction in theta power from eyes-closed to ey@=A states at the frontentral area. With an
increase in FMT and overall theta activitytla frontal region after execution of BEMs, the
results of this study demonstrate pronounced difigs in eyes-closed resting-state recordings
between the BEM group and the central-control dang not evident in the eyes-open recording
condition.

The BEM condition showed increased frontal theta activity concurrently with a
significant reduction in negativaood thereby supporting reseatbht reports individuals

exhibiting greater theta fity tend to have lower state atait anxiety scores (Inanaga, 1998).
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research may consider adnsitaring the post-manipulatieelf-report measure of mood
immediately after the experimentad control task, potentiallevealing a stronger effect of
BEMs on mood. A final limitation of the current studms that the investigation was limited to
the theta frequency band. Previous studie® Istiown that the alpha frequency band is
associated with visual attention (Koungtsal., 2007), and thus futumevestigations exploring
absolute power across all frequency bands @vpubvide a meaningfidontribution to the
literature examining the neural mechanismBBMs. Due to the low task demands of resting-
state EEG, research containing challengingnéional demands adfie executive function
network following BEMs will potentially reveahore prominent FMT effects and shed light on

the relationship between BEMs and tloggitive enhancement that follows.

In conclusion, the current studuggests that various degredéattentional-control are
reflected by changes in FMT, and the heightestéehtional-control that follows from BEMs
appear to increase theta powéfrontal brain regions anddece negative mood. Resting-state
EEG data from this study make a meaningfultabution to our understaling of the differences
between eyes-closed versus eyes-open brain adollibyving a visual attetion task. In order to

better test the cognitive enhancement thatiscafter BEMs, future EEG studies should
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TABLE 1. Age and self-report measures of personality and affect.

Condition Control f = 28) Eye Movemenin(= 32)
M SD M SD
Age 20.21 3.47 19.61 1.93
SPQ Total 7.68 4.88 6.97 4.12
PANAS Positive 32.81 4.84 34.23 5.47
PANAS Negative 18.71 5.18 19.48 6.70
Extraversion 4.32 141 4.65 1.56
Agreeableness 4.88 .86 5.13 1.02
Conscientiousness 5.79 .98 6.16 81
Emotional Stability 4.88 1.33 4.73 1.20
Openness 5.50 1.16 5.53 1.20
P-Brief Positive 12.04 4.65 14.06 4.69
P-Brief Negative 6.21 1.66 5.52 1.38

Handedness 90.71 9.10 90.00 10.33
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TABLE 2.

ANOVA Exploring differences in Theta Power falime (Overall Pre versus Overall Post) by

Electrode Location (Midline Electrode: Fz) bgondition (Eye-Movement Versus Control)
Comparisons

Type Source SS df
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TABLE 4.

ANOVA's Exploring differencedn Positive and Negative Moofibr Time (Pre versus Post)
by Condition (Eye-Movement Versus Control) Comparisons

Type Source SS df MS F p ES
Negative Time x Condition 2.978 1 2978 4.698 .034 .075
Positive  Time x Condition .306 1 .306 .589 446 .010

TABLE 5. Mean Z-scores and Standard Devidabns for Positive and Negative Affect.

Condition Positive Negative
Pre Post Pre Post
Control -.088 -.256 -.162 279
(.187) (.189) (.192) (.198)
BEM 144 178 0.013 -.203

(.175) (.177) (.179) (.185)




Bilateral Eye-Movements 39

TABLE 6.

ANOVA Exploring differences in Theta Power fal'ime (Overall Pre versus Overall Post) by
Electrode Location (Midline Electrode: Fz, Cz, and Pz) by Condition (Eye-Movement Versus

Control) Comparisons

Source SS df MS F p
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TABLE 7.

ANOVA Exploring differences in Theta Power fo
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TABLE 9.

ANOVA Exploring Differences in Theta Power betwe&wonditions (Eye-movementersus Control) for

Time (Overall Pre versus Overall Post) by Electrddecation (Anterior-Posterior), by Hemisphere

Source SS df MS F p ES
Condition 163 1 163 .265 .608 .005
Time .005 1 .005 .336 .564 .006
Time x Condition .010 1 .010 .689 410 .012
AP 441.579 2.794 158.037 111.546 .000 .658
AP x Condition 3.196 2.794 1.144 .807 484 .014
Hemi 10.435 1 10.435 21.809 .000 273
Hemi X Condition .045 1 .045 .094 .760 .002
Time x AP .054 2.701 .020 676 .553 .012
Time x AP x Condition .361 2.701 134 4.511 .006 072
Time x Hemi .012 1 012 .589 446 .010
Time x Hemi x Condition .019 1 .019 922 341 .016
AP x Hemi 2.711 3.365 .806 2.300 .071 .038
AP x Hemi x Condition 211 3.365 .063 179 .928 .003
Time x AP x Hemi .066 2.984 .022 1.812 147 .030
Time X AP x Hemi X .049 2.984 .016 1.331 .266 .022

Condition
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TABLE 10.

ANOVAs Exploring Group Differences in Tata Power between Conditions (Eye-movement
versus Control) for Time (Overall Pre versus @uall Post) by Electrode Location (Anterior-
Posterior)

Electrode Pair Source SS df MS F p ES
FP1-FP2 Condition .226 1 226 217 .643 .004
Time x Condition .015 1 .015 .549 462 .009
F3-F4 Condition  .003 1 .003 .007 .934 .000
Time x Condition .116 1 116 8.095 .006 122
C3-C4 Condition 1.455 1 1.455 1471 .230 .025
Time x Condition .059 1 .059 6.036 .017 .094
P3-P4 Condition 234 1 243 .320 574 .005
Time x Condition .181 1 181 10.911 .002 158
01-02 Condition 1.432 1 1.432 1.068 .306 .018

Time x Condition 0.00 1 0.00 .006 .938 .000
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TABLE 11.

ANOVA Exploring Differences in Theta Powebetween Conditions (Eye-movement versus
Control) for Time (Pre-Closed Versus Post-Clogéy Electrode Locatio (Anterior-Posterior),
by Hemisphere

Source SS df MS F p ES
Condition .158 1 158 .258 .614 .004
Time x Condition .004 1 .004 .205 .653 .004
AP x Condition 3.283 2.732 1.202 157 .508 .013
Hemi x Condition .100 1 100 212 .647 .004
Time x AP x Condition .586 2.668 220 4.632 .006 .074
Time x Hemi x Condition .009 1 .009 234 .630 .004
AP x Hemi x Condition 102 3.330 .030 .085 976 .001
Time x AP x Hemi x 122 3.101 .040 2.006 113 .033

Condition
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TABLE 12.
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TABLE 13.

ANOVA Exploring Differences in Theta Powebetween Conditions (Eye-movement versus
Control) for Time (Pre-Open versus Post-Opén) Electrode Location (Anterior-Posterior), by
Hemisphere

Source SS df MS F p ES
Condition 215 1 215 .336 .565 .006
Time x Condition .015 1 .015 .1.036 .313 .018
AP x Condition 3.335 2.773 1.203 .888 442 .015

Hemi x Condition .046 1 .046 .102 751 .002
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Figure 5. Raw PANAS and P-Brief scores westandardized. This figure illustrates a
significant decrease in negatimood for the BEM conditioand a significahincrease for
the central-combl condition.

Figure 6. Raw PANAS and P-Brief scores westandardized. This figure illustrates a
general increase in positive mood for theMBEondition and a general decrease for the
central-control condition.
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Figure 7. Raw theta power scores were log transformed and standardized. This figure illustrates a
significant increase for the BEM condition and a Bigant decrease for the central-control condition
in overall theta power from pre to patfrontal electrode pair F3-F4.

Figure 8. Raw theta power scores were log transformed and standardized. This figure illustrates a
significant decrease for the BEM condition and aifigant increase for the central-control condition
in overall theta power from pre to post at parietal electrode pair P3-P4.
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Figure 9. Raw theta power scores were log transformed and standardized. This figure illustrates a



