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Abstract

BACKGROUND—A positive family history (FHP) of alcohol use disorders (AUD) is linked to
increased risk for personal AUD, but the mechanisms behind this risk are unclear. Previous
research suggests that a subtle neurodevelopmental lag in FHP adolescents may contribute to risk
for future AUD.

METHODS—Functional magnetic resonance imaging (fMRI) response to a spatial working
memory (SWM) task was examined for markers of neuromaturational delay in 85 youth with and
without FHP. It was hypothesized that FHP adolescents (n=24, ages 12-14), as compared to
matched FHN youth (n=26, ages 12-14), would show less similarity to brain connectivity observed
in older adolescents (OA; n=35, ages 16-20) and that statistical comparison of SWM functional
connectivity models would differentiate FHN and FHP youth. Structural equation modeling tested
the fit of brain response connectivity between FH groups and against the OA model.

RESULTS—Patterns of connectivity were more similar between OA and FHN than FHP
adolescents; FHP youth demonstrated higher association between right posterior and left frontal
brain regions than FHN and OA youth. Comparison of FH groups indicated a significant
difference on the pathway from the right superior parietal lobule to the left middle frontal gyrus.

CONCLUSIONS—These findings provide additional support for the notion of a
neuromaturational lag in FHP youth. Protracted neuromaturation may be a mechanism by which
FH increases risk for alcohol dependence, and this less mature neural connectivity pattern may
provide a novel endophenotype for identifying youth at risk for drinking problems.

INTRODUCTION

Alcohol use remains prevalent in the youth of America, with 28% of youths ages 12 to 17
reporting past month alcohol use (1). One of the most robust risk factors for developing an
alcohol use disorder (AUD) is a positive family history (FH) of AUD (2-9). Because many
individuals with AUD are family history positive (FHP), understanding the neural
characteristics of FHP youth may aid in the early identification of youth at greatest risk for
developing AUD and facilitate early intervention development and implementation that
could prevent the development of AUD in at risk youths.

Familial AUD has been linked to unique patterns of neuroanatomy (10, 11), neurocognition
(12, 13), neurophysiology (14), and brain functioning (15). As some these neural markers
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are no longer detectable in FHP adults, such patterns have been theorized to be evidence of
an inherited neurodevelopmental lag in FHP youth (16). For example, since amygdala and
intracranial volume increase over childhood and adolescence, reduced volumes in FHP
youth may indicate a developmental lag (12, 13). Also, the P300 component of the event-
related potential has shown reduced amplitude in FHP children and adults (16) as well as in
heavy drinkers (17), suggesting a potential endophenotype of alcoholism (18). This feature
is most consistently displayed in FHP individuals under age 18, after which FHP individuals
begin to resemble FHN peers, suggesting an inherited developmental lag (16). Finally,
delayed maturation of postural sway (19) has also been implicated in FHP youth. These
neural features, which appear to be more salient in youth, may confer greater risk for the
development of future AUD.

Consistent with this theory, functional neuroimaging studies also suggest a potential
neurobiological endophenotype that could increase risk for developing an AUD in youth
with dense familial histories. For example, FHP youth demonstrated different patterns of
brain response during tasks of inhibition (20), judging facial expressions (15), gambling
(21), and in response to affective stimuli (22) than FHN peers. Furthermore, a positive FH
was linked to greater activation of the right superior parietal cortex (23) and lentiform
nucleus and insular region (24) during spatial working memory (SWM), and less activation
during a simple vigilance condition relative to SWM in cingulate and medial frontal gyri
(25). Less activation in multiple areas of the prefrontal cortex was also observed during
verbal working memory (26). Finally, FHP compared to FHN youth have shown abnormal
patterns of functional connectivity between prefrontal cortices with posterior parietal areas
(27), prefrontal and cerebellar regions (28), and nucleus accumbens and posterior parietal
and sensorimotor cortex (29). However, to our knowledge, there are no studies examining
whether patterns of functional brain activation in FHP youth are consistent with a
neurodevelopmental delay hypothesis.

Brain response during SWM may provide an opportunity to observe a hypothesized
neurodevelopmental lag in FHP youth, as the developmental trajectory of frontoparietal
pathways invoked to complete SWM tasks may be moderated by premorbid family history
effects (18, 23, 30). Specifically, the underlying neural substrates of SWM appear to develop
during adolescence, shifting more posterior and lateralizing to the right side, while the
inferior parietal lobe becomes more important to task success (31-37). Thus, examination of
FH effects on neural networks supporting SWM during the appropriate developmental
window may elucidate whether a positive FH of AUD moderates the typical trajectory of
neurodevelopment.

The current paper employs a structural equation modeling (SEM) approach to examine the
influence of a positive FH of alcohol abuse on an a priori specified model of SWM in early
adolescents, aged 12-14 years, and compares these patterns of functional connectivity to
those of older adolescents (OA), aged 16-20, to help determine potential markers of
neurodevelomental lag. We chose SEM to perform this path analysis instead of multivariate
regression because it requires the a priori designation of hypothesis driven models (38) and
provides multiple indices of overall model fit allowing for objective selection of optimal
models. Specifically, this study tests the hypotheses that: 1) activation networks of FHN
early adolescents will more closely resemble those of OA than will the FHP youth; and 2)
statistical comparison of SWM functional connectivity models will differentiate FHN and
FHP youth. These results will aid in determining neural risk factors for the future
development of problem drinking and help inform the development of innovative treatments
to prevent the development of AUD in at risk youths.
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METHODS

Model specification

Participants

Procedures

To test whether brain regions work together differently in youth with a positive FH of AUD,
models of brain activity during SWM were created. The OA model was developed to
include brain regions that best approximate patterns previously reported for older
adolescents and adults in response to an SWM fMRI task (39-44)(Figure 1). Due to the
constraints of the analytic approach, the model was made recursive (and thus unidirectional)
to maximize our ability to test our hypotheses. Regions of interest (ROIs) included: 1) right
inferior parietal lobule, 2) right superior parietal lobule, 3) right middle frontal gyrus, and 4)
left middle frontal gyrus, based on evidence that these regions are a) integral to SWM
functions (39-44), b) sensitive to shifts in cortical organization or change in strategies that
accompany adolescent development (31-36, 45, 46), and c¢) susceptible to FH effects (30, 47,
48).

To create models of comparison, OA youth (N=35) between the ages of 16 and 20, 67%
Caucasian, and 74% male (Table 1a), and early adolescents (N=50) between the ages of 12
and 14, 83% Caucasian, and 56% male (Table 1b), were sampled from two larger studies on
neurocognition (RO1 AA13419, and R01 DA021182). The early adolescent group was
comprised of FHP (n=24) and FHN (n=26) groups that were statistically equivalent on
parental education, annual salary, and pubertal development. All adolescents had minimal
exposure to alcohol, cigarettes and marijuana (Tables 1a and 1b).

Biological parents’ and grandparents’ lifetime history of AUD was obtained from both
parents and participant using the Family History Assessment Module screener (FHAM) (49)
and Schuckit's Problem List (4). Most participants had 2 biological parents as informants,
and all participants had at least one. Of the FHP group, 100% had a parent with an AUD
history, 79% had a multigenerational history, 63% had a biological father with a history of
AUD, 46% had a biological mother with a history of AUD, 8% had positive history in both
parents, and one subject had a history of AUD solely in their biological mother. Of the OA
group, 14% had a parent with an AUD history, and 11% had a multigenerational history.
FHN youth had no history of any substance use disorder in parents or grandparents.

Subjects were excluded if they had a history of head injury with loss of consciousness >2
minutes, neurological or medical problems, learning disabilities, psychiatric disorder,
current psychotropic medication use, significant maternal drinking or drug use during
pregnancy, left-handedness, sensory deficits, MRI contraindications; and parental history of
bipolar I, psychotic disorder, or antisocial personality disorder. The youth and participating
family members were financially compensated for participation.

Mood assessments—State measures were collected at the time of scanning. Current
level of depression was assessed with the Beck Depression Inventory (BDI) (50), which has
been validated with 12 to 14 year-olds (51). The state portion of the Spielberger State-Trait
Anxiety Inventory (52) was administered to ensure that youths were not experiencing any
nervousness that could influence fMRI results (53).

Scanning parameters—Early adolescent brain images were acquired on a 1.5 Tesla
General Electric Signa LX scanner. A high-resolution structural image was collected in the
sagittal plane using an inversion recovery prepared T1-weighted three-dimensional spiral
fast-spin echo sequence (repetition time = 2,000 ms, echo time = 16 ms, field of view = 240
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mm, resolution = 0.9375 mm x 0.9375 mm x 1.328 mm). Functional imaging was collected
in the axial plane using T2*-weighted spiral gradient recall echo imaging (156 repetitions,
repetition time = 3000 ms, echo time = 40 ms, flip angle = 90°, field of view = 240 mm, 20
continuous 7 mm slices, in-plane resolution = 1.875 mm x 1.875 mm).

OA images were acquired on a 3T General Electric Excite MR system with an 8-channel
phase-array head coil (General Electric Medical System, Milwaukee, WI, USA). A high-
resolution anatomical SPGR image was acquired sagittally (TR =8 ms, TE =3 ms, flip
angle = 12°, 1 mm3 voxels, FOV 240 mm, matrix interpolated to 256x256, slice thickness
1mm, 176 slices, bandwidth 31.25, acquisition time 7 minutes and 19 seconds). Functional
imaging was collected in the axial plane using T2-weighted gradient echo imaging (156
repetitions, repetition time = 3000 ms, echo time = 30 ms, flip angle = 90°, field of view =
240 mm, 32 continuous 3.8 mm slices, matrix 64 x 64, in-plane resolution = 3.75 mm x 3.75
mm, total time 7 minutes 48 seconds). EPIs were unwarped with two field map acquisitions
(each 1 minute and 8 seconds acquisition time; TR: 1000 ms, flip angle 60, FOV 240 mm,
32 contiguous axial slices each 3.8 mm thick, matrix 64 x 64, echo times 3.2 and 5.5 ms).
Both groups completed the same SWM task (Figure 2), as previously described in detail
(54).

Data Analysis and Statistics

Image processing—Data were processed and analyzed using Analysis of Functional
Neurolmages (AFNI; afni.nimh.nih.gov) (55). Motion in the time series data was corrected
by registering each acquisition to a selected repetition with an iterated least squares
algorithm (56) to estimate three rotational and three displacement parameters for each
participant. We excluded 1) all brain volumes where rigid motion exceeded 3mm (i.e., voxel
width) allowing us to maintain a 90% power threshold, 2) and individuals whose
performance on the SWM task fell outside 3 SD from the mean (n=3). An output file
specifying adjustments made was used to control for spin history effects (57). In addition,
applied adjustments were compared between groups, and correlated with the task reference
vector to see if motion indices needed to be corrected in subsequent analyses.

The time series data were deconvolved with a reference vector that coded the hypothesized
BOLD signal for the alternating task conditions across the time series of the task while
covarying for linear trends and the degree of motion correction previously applied (58). The
reference vector was convolved with a vector that modeled the typical hemodynamic
response (59). All data were transformed into standardized space (60). The functional data
were resampled into 3 mm cubic voxels, and a spatial smoothing Gaussian filter (FWHM =
5 mm) was applied. These steps resulted in a fit coefficient for each voxel, representing
BOLD response to SWM relative to the vigilance baseline condition. A three-step process
was used to identify relevant activations for analysis (61). First, a stereotaxic brain atlas (60)
was used to define the a priori regions of interest (ROIs). Second, significant clusters of
activation (a =.025; volume > 1,323 L) were identified for each group using AFNI 3dttest
within the ROIs. Third, the peak activation within each significant cluster was extracted for
each participant, and screened for multivariate outliers and non-normal distribution. The
final values represented each subject's maximal contrast between the SWM and baseline
vigilance conditions.

SEM using EQS software (62) was used to examine the discrepancy between the hypothesis-
driven path models specified for each group (Figure 1) by testing them against the observed
data for the extracted ROI data. After good model fits were obtained, the importance of each
path to overall model fit was examined by removing paths from the good fitting model one
at a time with replacement and re-running the structural equation analysis (Table 3).
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RESULTS

Behavioral performance and group membership

A 3-way ANOVA compared performance of group by SWM and vigilance conditions
(Table 2). Tukey's post-hoc tests demonstrated that OA youth performed significantly better
than FHN youth on all measures, and better than FHP on vigilance reaction time. FHP youth
performed significantly better than FHN youth on SWM accuracy.

Model Fit in Young Adult Sample—The hypothesized model (Figure 1; left) fit the OA
validation sample well (S-By?2 [2, N=35]=1.85, p=.40 and descriptively (CFI=1.00,
RMSEA= .00, Clggg, =.00-.33)). All standardized path coefficients were ranged from .356
to .767 and were statistically significant (ps<.05).

Model fit in FHN and FHP Adolescents samples—Covariance matrices for FHP and
FHN early adolescents were generated and model fit indices when constrained to OA model
were examined. The specified OA model did not fit either group statistically (FHN S-By? [2,
N=26]=6.153, p=.046; FHP S-By?2 [2, N=24]=8.451, p=.015). The residual matrices for both
groups indicated that the greatest amount of variance missing was from a bilateral
connection between the right superior parietal lobule and the left middle frontal gyrus. The
standardized residual was .40 in FHP and .28 in FHN, indicating greater variance
unaccounted for in the FHP group. The addition of a bilateral path from the right superior
parietal lobule and left middle frontal gyrus (Figure 3) greatly improved statistical fit (FHN
SBy? [1, N=26]=0.133, p=.716; FHP S-By? [1, N=24]=0.891, p=.345) and was not
statistically redundant (FHN RMSEA= 0.000 with Clggg, =.000-.392; FHP RMSEA = 0.000
with Clgge,=.000-.528). However, the path from the right inferior parietal lobule and right
middle frontal gyrus was not significant in either FH group of early adolescents. For FHN
participants, the remaining standardized path coefficients were statistically significant (ps<.
05) and ranged from .378 to .796. For the FHP group, the remaining loadings ranged from .
326 to .734, indicating less good fit to the mature model.

Early Adolescent Model Modification

Deletion of the path from the right inferior parietal lobule to right middle frontal gyrus
resulted in good overall fitting models for both groups (i.e., FHN S-By?2 [2, N=26]=0.113,
p=.945; FHP S-By?2 [2, N=24]=2.124, p=.346) was statistically parsimonious and more
likely to replicate (FHN RMSEA= 0.000 with Clgge, =.000-.149; FHP RMSEA = 0.000 with
Clgge, =.000-.387). Standardized path coefficients were statistically significant (ps<.05)
across groups and ranged from .326 to .734 and .411 to .804, respectively (Figure 4).

Group differences

Partial model invariance was established for OA from early adolescent, and between FH
groups. Although three of 4 pathways in each groups’ final model (right middle frontal
gyrus to left middle frontal gyrus, right superior parietal lobule to right middle frontal gyrus,
and right inferior parietal lobule to right superior parietal lobule) (ps>.172) were statistically
comparable, comparison of FH groups on their shared final model indicated invariance on
the pathway added from the right superior parietal lobule to the left middle frontal gyrus (2
=4.75, p=.029; dashed line Figure 4). This pathway was redundant in the OA model and not
included in the final model. Of note, removal of the right superior parietal lobule to left
middle frontal gyrus pathway, the connection that was statistically different between FH
groups, decreased overall model fit much more in FHP than FHN models, underscoring the
magnitude of group differences (Table 3). When SWM accuracy scores were included in
each samples’ model of best fit, as related to each region of interest, and re-run one
relationship at a time, increased SWM accuracy scores were significantly and negatively
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related to activation of the right superior parietal node in the FHP sample (FHP S-By2 [5,
N=24]=7.135, p=.211, RMSEA= 0.000 with Clgg, =.000-.279; r2=.16). Covariance of
SWM performance across sample comparisons did not affect the previously described
outcomes. In consideration of the small effect size of the path in the FHP group, differences
in sample size, and invariance between groups, the influence of SWM accuracy on the
overall model fit was judged to be insignificant. Taken together, these results suggest that
age and FH status was shown to moderate the neural networks supporting successful SWM
completion.

DISCUSSION

Consistent with our hypotheses, we demonstrated that 1) youth without dense family
histories of AUD produced a network of brain activity that resembled the OA model more
than that of the FHP comparison group as illustrated by overall fit indices, and 2) FHP youth
demonstrated a statistically significant stronger regression coefficient for the bilateral
pathway between the right superior parietal lobule to left middle frontal gyrus. Removal of
the bilateral pathway from the FHP model decreased overall fit indices much more than
when it was removed from the FHN group, underscoring the extent of group differences.
The difference between FHN and FHP remained unchanged after controlling for SWM
performance, which was slightly superior in FHP youth, suggesting that this difference is not
mediated by SWM performance. These data contribute to the growing evidence that familial
history of AUD may influence neurobehavioral correlates and thus contribute to increased
rates of problem drinking in FHP youth.

These findings provide evidence in support of the neurodevelopmental delay hypothesis,
which suggests that protracted neuromaturation is a potential mechanism through which a
positive FH increases risk for alcohol dependence (16). Developmental literature suggests
that with increasing skill in cognitive resources such as inhibition, processing speed, and
working memory, children and adolescents improve their mastery in tasks that require these
component processes (63, 64). Mastery and integration of each subcomponent improves
overall cognitive control of behavior. A subtle deficit in one or more of these cognitive
elements may lead to reduced complex cognitive control and postponed mastery of
interdependent neurocognitive functions. Therefore, an adolescent with a subtle lag in
fronto-parietal neuromaturation may also suffer a concomitant delay in achieving inhibitory
control (65-68). Therefore, greater similarity of FHN neural networks to those in healthy
older adolescents may illustrate such an increased vulnerability.

To our knowledge there are 3 manuscripts that have examined functional connectivity in
youth with and without familial AUD. Wetherill et al., 2012 used seed voxel analyses and
found FHP youth (aged 12-14) demonstrated relatively less functional connectivity between
frontal and parietal regions during a visual working memory (VWM) task (27). Herting et
al., 2011 also used seed voxel analyses and demonstrated reduced fronto-cellebellar
connectivity within FHP youth (aged 11-15) during rest (28). Finally Weliand et al., 2013
used psychophysiological interaction analyses and found increased nucleus accumbens
connectivity with posterior parietal and sensorimotor areas during incentive anticipation in
FHP youth (aged 18-22 years; some with prior substance use disorders (SUD))(29). Because
of different task demands, regions of interest, analytic approaches (e.g., multivariate vs.
univariate), dissimilar age groups, and presence of SUD, it is difficult to draw conclusions
from this literature. Interestingly, the most comparable study by Wetherill et al., 2011 found
decreased connectivity between bilateral frontal and parietal regions during VWM in FHP
youth while we found increased connectivity between similar regions during SWM. One
potential reason for this divergence may be the sensitivity of specific neural substrates to
detect FH, or neurodevelopmental, effects. While the critical neural substrates of visual
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working memory are located in the ventrolateral prefrontal cortex, spatial working memory
relies on a more superior and dorsal stream (69) which was has been demonstrated to
develop in anticipated manner (31-36, 45, 46). Therefore, less connectivity between superior
parietal and dorsolateral prefrontal cortices during visual working memory in FHP youth
may not have the same implications as a similar pattern during spatial working memory
demands. Regardless, our findings are consistent with these in that a familial history of
AUD moderated functional connectivity.

These data should be considered in light of several limitations. First, the younger cohort was
scanned on a 1.5T magnet using a spiral acquisition, while the older cohort was imaged on a
3T system using an EPI acquisition. Although data were collected on disparate field
strengths the relative relationships between the regions of interest should be proportionately
scaled (70). Also, reported differences in functional connectivity across magnet strengths
appear to be more pronounced in non-task related demands (i.e., resting) (71). Importantly,
comparisons across field strength and technique suggest comparable signal dropout between
1.5T spiral and 3T EPI acquisitions in regions other than the frontal orbital cortex (72).
Second, the demographic makeup of our sample may attenuate FH effects on functional
connectivity. Most participants are from relatively affluent areas of San Diego and have
highly educated parents. Genetic risk for AUD is less likely to be expressed in such
environments (73). Sampling a greater number of participants with increased risks for AUD
might increase the likelihood of finding FH effects on neuromaturation. Third, our OA
group was not wholly comprised of FHN youth. Our FH-mixed OA group may have
diminished our ability to detect FH effects. Fourth, as these data are cross-sectional in
nature, longitudinal follow-up data in early adulthood will be needed to fully test the
neuromaturational lag hypothesis, and to examine whether the FHP youth do indeed catch
up to the FHN youth. Fifth, failure to include bidirectional relationships between regions of
interest limits our ability to accurately represent neural networks.

The influence of protracted neuromaturation within a larger constellation of risk factors for
AUD has yet to be understood. Longitudinal studies are needed to address the contribution
of neurodevelopment in order to understand the interplay of factors predicting AUD and to
help reduce global rates of alcohol-related disease.
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Hypothesized Model of Functional Connectivity for older adolescents to be validated and

compared to family history groups. The model of brain activity during spatial working

memory was developed to include brain regions that best approximate patterns previously
reported for older adolescents and adults in response to a spatial working memory imaging
task. Regions of interest (ROIs) included: 1) right inferior parietal lobule, 2) right superior
parietal lobule, 3) right middle frontal gyrus, and 4) left middle frontal gyrus.
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Figure 2.

Spatial working memory task design. The spatial working memory task consists of 18 20-
sec blocks alternating between experimental (spatial working memory) and baseline
(vigilance) conditions. In both conditions, stimuli were presented for 1000 ms, and each
interstimulus interval is 1000 ms (20 sec/block, repetition time (TR) = 3000 ms, 156
repetitions).
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Figure 3.

The results of fitting the covariance matrix to the proposed model in OA youth. Pathways
labeled with unstandardized (and standardized in parentheses) coefficients (p<.05) and

disturbances (D) with standard error terms for endogenous variables.
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Best fitting FHN youth mode (LEFT); Best fitting FHP youth model (RIGHT); Pathways

labeled with unstandardized (and standardized in parentheses) coefficients (p<.05) and
disturbances (D) with standard error terms for endogenous variables.
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Characteristics of older adolescent (OA) participants (N=35)

Variable M (SD) or %
Sex (% Male) 74%
Age in years (range 16-20) 17.69 (1.07)
Ethnicity (% Caucasian) 67%
Conduct disorder diagnosis 0%
Father education 15.12 (3.27)
Mother education 14.35 (3.64)
Parental annual salary ($K) 116.00 (71.41)
CBCL internalizing T-score 44.66 (3.79)
CBCL externalizing T-score 44.23 (4.57)
Beck Depression Inventory total 11.00 (2.39)
Spielberger State Anxiety T-score 38.03 (7.94)
Lifetime uses of alcohol 1.86 (9.23)
Maximum drinks per episode last 3 months 4.00 (0.34)
Number of cigarettes past month 0.54 (3.21)
Lifetime uses of marijuana 0.54 (1.27)
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Table 1b

Characteristics of early adolescent participants (N=50)

ANOVA and Chi-square comparing FH across categories

Variable FHNN=26M (SD)or % FHPn=24M (SD)or % Fix2 P
Sex (% Male) 46% 67% 215 .14
Age in years (range 12-14) 13.16 (0.82) 13.25 (0.86) 17 .70
Boys’ age in years 13.50 (0.68) 13.34 (0.85) 1.02 .32
Pubertal Development Scale

Girls (n=24) 3.20 (1.15) 3.13(0.64) 29 87

Boys (n=28) 2.38(0.77) 2.88(0.72) 314 .09
Ethnicity (% Caucasian) 79% 88% 7240
Mother education 15.75 (1.82) 14.63 (2.34) 381 .06
Father education 16.64 (1.83) 15.64 (2.50) 270 11
Parental annual salary ($K) 127.27 (53.46) 125.38 (94.05) 01 .93
CBCL internalizing T-score 45.87 (6.20) 47.38 (7.29) 61 .44
CBCL externalizing T-score 44,93 (4.60) 46.87 (6.22) 155 .22
Beck Depression Inventory total 3.04 (3.35) 3.13(3.39) 01 .93
Spielberger State Anxiety T-score 27.96 (6.56) 30.67 (7.84) 183 .18
Lifetime uses of alcohol 0.39 (1.07) 0.63(1.41) 46 .50
Maximum drinks per episode 4.00 5.00 .09 .77
Lifetime uses of cigarettes 0.11 (0.32) 0.04 (0.21) 69 41
Lifetime uses of marijuana 0.18 (0.67) 0.22 (0.67) .04 84

*p<.05
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SWM performance of adolescent and young adult participants across SWM and vigilance conditions.

Table 2

FHN (n=26) M (SD)% FHP (n=24)M (SD)% OA (n=35)M(SD)%  F (p)
Vigilance accuracy (%)" 95.52 (2.13) 95.63 (2.17) 96.70 (1.49) 3.34 (.04)
Vigilance reaction time (ms)” 65632 (60.94) 654.42 (53.67) 605.50 (62.76) 5.60 (.01)
SWM accuracy” 88.29 (7.62) 93.23 (4.23) 92.79 (5.01) 6.63 (.00)
SWM reaction time (ms)” 622.67 (77.32) 576.38 (74.92) 558.49 (64.16) 5.68 (.01)

*
p<.05
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