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CHILDREN AND ADULTS, WITH OR WITHOUT MUSIC

training, exhibit better memory for vocal melodies
(without lyrics) than for instrumental melodies (Weiss,
Schellenberg, Trehub, & Dawber, 2015; Weiss, Trehub, &
Schellenberg, 2012; Weiss, Trehub, Schellenberg, &
Habashi, 2016; Weiss, Vanzella, Schellenberg, & Trehub,
2015). In the present study, we compared adults’ mem-
ory for vocal and instrumental melodies, as before, but
with two additional singers, one female (same pitch
level as the original female) and one male (7 semitones
lower). In an exposure phase, 90 participants (M ¼ 4.1
years training, SD ¼ 3.9) rated their liking of 24 melo-
dies—6 each in voice, piano, banjo, and marimba. After
a short break, they heard the same melodies plus 24
timbre-matched foils (6 per timbre) and rated their rec-
ognition of each melody. Recognition was better for
vocal melodies than for melodies in every other timbre,
replicating previous findings. Importantly, the memory
advantage was comparable across voices, despite the fact
that liking ratings for vocal melodies differed by singer.
Our results provide support for the notion that the vocal
advantage in memory for melodies is independent of
the idiosyncrasies of specific singers or of vocal attrac-
tiveness, arising instead from enhanced processing of
a biologically significant timbre.
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A DULTS REMEMBER VOCAL MELODIES WITH-

out lyrics (sung to la) better than instrumental
melodies (Weiss, Trehub, & Schellenberg,

2012). This vocal melody advantage is demonstrable
by 7 years of age (Weiss, Schellenberg, Trehub, & Daw-
ber, 2015) and is also evident in Brazilian musicians and
nonmusicians (Weiss, Vanzella, Schellenberg, & Trehub,
2015). In fact, Brazilian pianists remember vocal melo-
dies better than piano melodies.

Replications across age, culture, and levels of expertise
attest to the reliability of the findings, which are pre-
sumed to arise from the biological and functional signif-
icance of the voice. Greater pupil dilation to vocal than to
piano melodies (Weiss, Trehub, Schellenberg, & Habashi,
2016), reflecting heightened arousal, is consistent with
that presumption. Nevertheless, questions remain about
the generality of the vocal melody advantage because all
studies addressing this issue featured the same vocalist—
an amateur, female singer in the alto range. In those
studies, moreover, listeners liked the vocal melodies sys-
tematically less than the instrumental melodies despite
remembering them better, raising the possibility that the
vocal performances were unique in some respects.

In principle, female vocalizations could be more
memorable than male vocalizations because of women’s
links to emotionality or nurture. In fact, women’s affec-
tive vocalizations are perceived as more emotionally
intense than those of men (Belin, Fillion-Bilodeau, &
Gosselin, 2008). Moreover, their voices are more rapidly
categorized as human or machine-like than are men’s
voices, even when the stimuli overlap in pitch level
(Lévêque, Giovanni, & Schön, 2012). In such cases, the
speed of categorization is affected by the gender of the
speaker but not the listener. Gender identification for
male and female stimuli is faster for women’s voices but
only for male listeners (Junger et al., 2013).

Male and female voices elicit different patterns of
neural activation (Junger et al., 2013; Lattner, Meyer,
& Friederici, 2005; Sokhi, Hunter, Wilkinson, & Wood-
ruff, 2005) and voice recognition. For example, male
students are less accurate at recognizing the voices of
female classmates than male classmates, but female
students’ recognition of classmates’ voices is indepen-
dent of gender (Skuk & Schweinberger, 2013). These
findings reveal no common theme other than the pos-
sibility of influences of stimulus and observer gender
on discrimination and memory.

In the present study, we sought to confirm the gener-
ality of the vocal melody advantage, specifically its inde-
pendence from person-specific features or from female
voices in general. On the assumption that the biological
and functional salience of the human voice promotes
enhanced processing, we predicted better memory for
vocal melodies than for instrumental melodies regardless
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of voice identity or gender. We compared memory for
vocal and instrumental melodies, as in previous research,
but with additional vocalists. All participants heard the
same instrumental timbres but were assigned randomly
to one of three vocal conditions featuring (1) the female
vocalist from previous studies of the vocal melody advan-
tage (i.e., original vocalist), (2) a new female vocalist who
sang at the same pitch level, or (3) a male vocalist who
sang 7 semitones lower. If the vocal melody advantage
stems from factors associated with biological salience, as
hypothesized, then the advantage should be comparable
for the three voices.

Method

PARTICIPANTS

The final sample of 90 undergraduates (24 male, 66
female, Mage¼ 18.6 years, SD¼ 2.5 years) was recruited
without regard to music training and had moderate
levels of classroom and formal lessons (M ¼ 4.1 years,
SD ¼ 3.9, range 0-14 years). Twenty-nine participants
(6 men) heard the original female voice, 32 (9 men)
heard the new female voice, and 29 (9 men) heard the
male voice. A chi-square test of independence con-
firmed that the male-to-female ratio was similar across
conditions, p > .60. Seven additional participants were
excluded from the final sample because of self-reported
hearing problems (n ¼ 1), equipment failure (n ¼ 1),
overall memory performance more than 2 SD below the
sample mean (reflecting inattention to the task, n ¼ 2),
or misidentification of the gender of the vocalist (n ¼ 1
for original female voice, n ¼ 2 for male voice). All
participants received partial course credit.

STIMULI AND APPARATUS

The stimuli were 48 excerpts of unfamiliar British and
Irish folk melodies in vocal and instrumental (piano,
banjo, marimba) renditions, 35 from previous research
(Weiss, Vanzella, et al., 2015), and an additional 13 in the
same style. Melodies were selected so that all notes
remained at or higher than the low D on the banjo after
transposition to the pitch level of male performances.
The melodies varied in tempo (70 to 130 beats per min-
ute), mode (major, minor), time signature (3/4, 4/4, 6/8),
number of notes (20 to 52), and duration (12.7-21.0 s).

Each melody was sung without lyrics (i.e., to la la)
and with neutral affect by three amateur vocalists: (1)
the original female vocalist (alto) from Weiss and col-
leagues (Weiss, Schellenberg, et al., 2015; Weiss et al.,
2012, 2016; Weiss, Vanzella, et al., 2015), (2) a new
female vocalist at the same pitch level, and (3) a male
vocalist 7 semitones lower than the female renditions.

Vocalists sang to a MIDI ‘‘backing track’’ that was later
discarded. Their renditions were pitch corrected in
Melodyne (Celemony) by centering each note to the
correct pitch and removing pitch drift. Corrected per-
formances sounded natural, retaining the usual pitch
fluctuations within notes. MIDI note information
(pitch, onset, offset, velocity) generated from the vocal
recordings of the original female vocalist (Melodyne)
was quantized (Logic) and used to trigger digital
sample-based instruments (piano, banjo, marimba).
Separate instrumental renditions were created at the
female and male pitch levels. MIDI instruments were
used for convenience with respect to transposition
because in previous research, no memory differences
were observed between melodies with real and MIDI
instruments (Weiss et al., 2012). All stimuli were ampli-
tude (RMS) normalized with Sample Manager (Audio-
file Engineering) and saved as high-quality monophonic
audio files (16 bit, 44.1 kHz, .wav encoding).

PsyScript (version 2.3; Slavin, 2007) was used to pres-
ent stimuli and collect responses on an iMac computer.
Participants, who were tested individually in a sound-
attenuating booth (Industrial Acoustics), heard the
stimuli at a comfortable volume through high-quality
headphones (Sony MDR-NC6).

PROCEDURE

Melodies were randomly assigned to exposure level
(old, new) and timbre (voice, piano, banjo, marimba),
separately for each participant. Participants were
assigned randomly to one of the three voice condi-
tions—original female, new female, or male—and heard
that vocalist and the corresponding instrumental per-
formances at the same pitch level. During the exposure
phase, they heard half of the melodies (n ¼ 24), distrib-
uted across four timbres (6 per timbre). Participants
rated their liking of each on a 5-point scale ranging from
1 (dislike) to 5 (like). After exposure, participants com-
pleted a background questionnaire for 5-10 min. In the
subsequent test phase, they heard the same 24 melodies
(from exposure) intermixed with the remaining 24 mel-
odies (6 per timbre). For each melody, they judged
whether it had been presented before on a 7-point scale
ranging from 1 (definitely new) to 7 (definitely old).
Following the memory test, participants were asked if
the voice they heard was male or female.

Results

LIKING

For each participant, four liking scores were calculated
by averaging six original liking ratings separately for
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each timbre. Liking scores were analyzed with a two-
way mixed-design ANOVA with vocalist as a between-
subjects factor (original female, new female, male) and
timbre as a repeated measure (voice, piano, banjo,
marimba), with Greenhouse-Geisser correction of
p values for violation of sphericity. There was no main
effect of vocalist, p > .20, but there was a significant
main effect of timbre, F(3, 261)¼ 22.23, p < .001, partial
Z2 ¼ .20, and a marginally significant interaction
between timbre and vocalist, F(6, 261) ¼ 2.16, p ¼
.06, partial Z2 ¼ .05, which motivated separate analyses
of each vocalist.

One-way repeated-measures ANOVAs confirmed
that liking differed across timbres for each of the three
groups: original female, F(3, 84)¼ 8.84, p < .001, partial
Z2 ¼ .24; new female, F(3, 93) ¼ 10.69, p < .001, partial
Z2 ¼ .26; male, F(3, 84) ¼ 7.14, p ¼ .001, partial Z2 ¼
.20. Follow-up pairwise comparisons within each group
(Bonferroni corrected) showed that all groups rated the
banjo lower than the piano or marimba, ps < .02, and
the banjo fared worse than the new female vocalist, p ¼
.001. Participants in the original female group rated the
voice lower than the piano and marimba, p < .03, but
there were no other significant pairwise differences
among timbres, ps > .10. In short, the differences among
instruments were consistent from group to group (i.e.,
banjo liked the least), but liking for the voice relative to
instruments varied by group. An additional one-way
ANOVA confirmed that liking differed across voices,
F(2, 87)¼ 4.67, p¼ .01, Z2 ¼ .10, but pairwise compar-
isons revealed that the only significant difference was
between the two female voices, p ¼ .010. The original
female voice was liked less than the new female voice
(see Figure 1).

RECOGNITION

Eight scores, each averaged over six original ratings,
were calculated for each participant. A 3-way mixed-
design ANOVA with vocalist (original female, new
female, male) as the between-subjects factor and expo-
sure level (old, new) and timbre (voice, piano, banjo,
marimba) as repeated measures revealed no main effect
of vocalist, p > .60, and no interactions with vocalist,
ps > .10. There was a robust main effect of exposure
level, F(1, 87) ¼ 594.17, p < .001, partial Z2 ¼ .87,
confirming that the old melodies were remembered
well. There was also a main effect of timbre, F(3, 261)
¼ 16.64, p < .001, partial Z2 ¼ .16, which was qualified
by a significant interaction between exposure level and
timbre, F(3, 261) ¼ 27.07, p < .001, partial Z2 ¼ .24. In
short, memory performance (i.e., the difference between
old and new ratings) differed as a function of timbre but

not as a function of the specific voice. Descriptive sta-
tistics are provided in Figure 2.

Follow-up analyses revealed that difference scores
(i.e., average old rating minus average new rating) for
the voice (M¼ 2.99, SD¼ 1.25) were significantly larger
than for all instrumental timbres (piano: M ¼ 1.77,
SD ¼ 1.05; banjo: M ¼ 1.99, SD ¼ 1.28; marimba:
M ¼ 1.95, SD ¼ 1.24), ps < .001, and there were no
differences among instrumental timbres, ps > .60. As
shown in Figure 2, this finding was evident and similar
in magnitude for all three voices. The effect size
(Cohen’s d) of the vocal memory advantage (i.e., voice
vs. average of three instruments) was 1.07 for the orig-
inal female voice, 0.78 for the new female voice, and
0.97 for the male voice. In other words, vocal melodies
elicited superior memory performance, as in previous
research (Weiss, Schellenberg, et al., 2015; Weiss et al.,
2012, 2016; Weiss, Vanzella, et al., 2015), and the vocal
advantage extended across three different voices.

Gender, which was not balanced during recruitment
(see Participants), had no influence on the results when
considered as an additional between-subjects factor in
the initial mixed-design ANOVA. Moreover, regrouping
participants based on gender-matching with the vocalist
(n ¼ 55 matched, n ¼ 35 mismatch) did not influence
the results. When music training (median split) was
added as an additional between-subjects variable in the
original ANOVA, untrained participants (� 3 years, n ¼
51, M ¼ 3.98, SD ¼ 1.44) provided slightly higher rec-
ognition ratings for all melodies (old and new) compared

FIGURE 1. Average liking rating (1 ¼ dislike to 5 ¼ like) for vocal

melodies heard during the exposure phase (i.e., between groups).

Liking for the original female voice was lower than the new female

voice. Error bars represent standard error of the mean.
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to trained participants (> 3 years, n ¼ 39, M ¼ 3.72,
SD ¼ 1.48), F(1, 84) ¼ 6.57, p ¼ .01, partial Z2 ¼ .07,
but music training had no influence on the other results
and did not interact with any other variable, ps > .10.
Finally, all findings were replicated using modified
d-prime scores, which were not used as the primary
measure because of perfect performance in 179 of the
720 cells in the present design.

LIKING AND RECOGNITION

To confirm that liking did not contribute to the vocal
memory advantage, we examined the correlation

between the average liking rating at exposure and the
average recognition rating for the same melodies at test,
separately for each timbre. A significant positive corre-
lation was observed for the piano timbre, r(88) ¼ .31,
p ¼ .003, but not for the vocal, banjo, or marimba
timbres, ps > .10. Repeating the correlation for the vocal
timbre separately for the different groups of participants
(original female, new female, male), revealed no signif-
icant correlations, ps > .20. It is unclear why liking and
recognition for the piano were correlated in the present
study but not in previous research (Weiss et al., 2012). It
is clear, however, that liking for vocal melodies does not
contribute to the memory advantage.

We also used an item analysis to examine correlations
between liking and memory for individual melodies.
For each melody, we calculated the average liking rating
at exposure and the average recognition rating at test.
Because liking ratings were collected only for melodies
heard at exposure (i.e., old melodies), 45 of the 90 par-
ticipants, on average, provided liking and recognition
ratings for a given melody (range ¼ 34-54). For all
timbres combined, there was a strong positive correla-
tion between liking of individual melodies and subse-
quent recognition confidence, r(46) ¼ .72, p < .001,
confirming the greater memorability of likeable melo-
dies, as in Weiss, Vanzella, et al. (2015), and for music
more generally (Stalinski & Schellenberg, 2013). Limit-
ing the item analysis to melodies in a specific timbre
necessarily reduced the number of ratings included in
the rating averages (M ¼ 11.25 ratings, range ¼ 3-20).
Nevertheless, significant positive correlations were
observed for the voice, r(46) ¼ .29, p ¼ .04, the piano,
r(46) ¼ .38, p < .01, and the banjo, r(46) ¼ .52, p < .001,
with a marginally significant correlation for the marimba,
r(46) ¼ .26, p ¼ .07. In other words, melodies that eli-
cited higher liking ratings—regardless of timbre—were
recognized with greater confidence.

Discussion

The present study explored the generality of the mem-
ory advantage for vocal melodies relative to instrumen-
tal melodies (Weiss, Schellenberg, et al., 2015; Weiss
et al., 2012, 2016; Weiss, Vanzella, et al., 2015), specifi-
cally its independence from one particular vocalist and
from female vocalists in general. Participants first rated
how much they liked each melody, which was presented
in vocal, piano, banjo, or marimba timbre. Their ratings
revealed lower liking for the original female vocalist
than for the other female vocalist and no differences
between male and female vocalists. In the subsequent
memory test, vocal melodies were recognized more

FIGURE 2. Average difference scores as a function of timbre in the

recognition test, with separate plots for participants who heard

different vocalists. Difference scores were calculated by subtracting

average ratings (1 ¼ definitely new to 7 ¼ definitely old) for new

melodies from average ratings for old melodies (i.e., larger difference

scores indicate better memory; maximum score ¼ 6, chance ¼ 0). Error

bars represent standard error of the mean.
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confidently than instrumental melodies, regardless of
vocalist and pitch level. Moreover, liking of melodies,
gender of listener, and music training did not influence
the memory advantage for vocal melodies.

We found no evidence that gender of listener or stim-
ulus affected recognition, as it has in other auditory
identification tasks (e.g., Skuk & Schweinberger, 2013).
The difference in outcome may be attributable to our
design, which did not emphasize structural features of
the vocalist and presented only a single vocalist to each
listener. Presenting several voices as a repeated measure
may reveal subtle memory differences across vocalists.
We predict, however, that any such differences would be
trivial compared to the memory advantage for sung
over instrumental melodies.

Our decision to compare a single voice to three instru-
ments, and to include three percussive instruments, was
driven by the intention to replicate the previously
observed memory advantage (Weiss et al., 2012) while
manipulating only one element of the design. Our design
ensured an appropriate number of trials per cell, which
could not be achieved by a fully within-participants
design. We acknowledge, however, that item distinctive-
ness could affect memory (Talmi & McGarry, 2012).
Future research could vary the composition of the list
(i.e., number of vocalists, ratio of vocal to instrumental
timbres, number of melodies per timbre) to explore the
limits of the vocal memory advantage.

The present findings, in conjunction with previous
evidence from listeners of different age, cultural back-
ground, and music training (Weiss, Schellenberg, et al.,
2015; Weiss et al., 2012, 2016; Weiss, Vanzella, et al.,
2015), confirm the memory advantage for vocal melo-
dies as a robust and generalizable phenomenon. The
acoustic features or constellation of features that under-
lie the processing advantage for vocal melodies remain
to be determined. One important difference between
vocal and instrumental sounds is considerable pitch
variability in vocalizations of all kinds, which contrasts
with the limited pitch variability of the piano, banjo, and
marimba timbres in the present study and in previous
studies of memory for melodies (Weiss, Schellenberg,
et al., 2015; Weiss et al., 2012, 2016; Weiss, Vanzella,
et al., 2015). Perhaps violin renditions of melodies,

which incorporate voice-like pitch variation, or rendi-
tions created with artificial timbres and comparable
pitch variation would yield a comparable boost in mem-
ory. Because hybrid or morphed timbres have been use-
ful in the study of prosody (Kawahara, 2015), they may
also be useful in specifying the features that are critical
for enhanced processing of vocal melodies. It is possible,
however, that the observed processing and memory
advantages for vocal stimuli necessitate the full suite
of features in natural vocal timbres.

Item analyses revealed correlations between liking and
memory for melodies that were independent of the vocal
memory advantage. The present performances of melo-
dies, vocal or instrumental, were intentionally neutral
rather than pleasant, which probably made them less
pleasant than typical renditions. More attractive perfor-
mances, achieved by averaging several renditions, could
generate an even greater vocal melody advantage. Aver-
aging or morphing multiple productions of a single syl-
lable increases its attractiveness independent of speaker
or listener gender, an effect attributed to by-products of
averaging such as smoother voice texture (i.e., reduction
of aperiodic noise) and greater similarity in pitch and
timbre to prototypical voices (Bruckert et al., 2010).

Finally, the vocal processing advantages observed in
the present study and in our previous studies raise ques-
tions about the continued use of synthesized or natural
instrumental music to explore various aspects of music
cognition. The use of vocal music in a variety of tasks is
likely to reveal further processing advantages and more
nuanced perspectives on the ability of human listeners
to perceive and remember music.
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humanness and gender in voice processing. Logopedics
Phoniatrics Vocology, 37, 137-143. DOI: 10.3109/
14015439.2012.687763

SKUK, V. G., & SCHWEINBERGER, S. R. (2013). Gender differences
in familiar voice identification. Hearing Research, 296,
131-140. DOI: 10.1016/j.heares.2012.11.004

SLAVIN, S. (2007). Psyscript (Version 2.3) [Computer software].
Lancaster, UK: Lancaster University. Retrieved from http://
www.lancaster.ac.uk/psychology/research/research-software/
psyscript2/

SOKHI, D. S., HUNTER, M. D., WILKINSON, I. D., & WOODRUFF,
P. W. R. (2005). Male and female voices activate distinct
regions in the male brain. NeuroImage, 27, 572-578. DOI:
10.1016/j.neuroimage.2005.04.023

STALINSKI, S. M., & SCHELLENBERG, E. G. (2013). Listeners
remember music they like. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 39, 700-716. DOI: 10.1037/
a0029671

TALMI, D., & MCGARRY, L. M. (2012). Accounting for
immediate emotional memory enhancement. Journal of
Memory and Language, 66, 93-108. DOI: 10.1016/
j.jml.2011.07.009

WEISS, M. W., SCHELLENBERG, E. G., TREHUB, S. E., & DAWBER,
E. J. (2015). Enhanced processing of vocal melodies in child-
hood. Developmental Psychology, 51, 370-377. DOI: 10.1037/
a0038784

WEISS, M. W., TREHUB, S. E., & SCHELLENBERG, E. G. (2012).
Something in the way she sings: Enhanced memory for vocal
melodies. Psychological Science, 23, 1074-1078. DOI: 10.1177/
0956797612442552

WEISS, M. W., TREHUB, S. E., SCHELLENBERG, E. G., & HABASHI,
P. (2016). Pupils dilate for vocal or familiar music. Journal of
Experimental Psychology: Human Perception and Performance,
42, 1061-1065. http://doi.org/10.1037/xhp0000226. Advance
online publication. DOI: 10.1037/xhp0000226

WEISS, M. W., VANZELLA, P., SCHELLENBERG, E. G., & TREHUB,
S. E. (2015). Pianists exhibit enhanced memory for vocal
melodies but not piano melodies. Quarterly Journal of
Experimental Psychology, 68, 866-877. DOI:10.1080/
17470218.2015.1020818

318 Michael W. Weiss, E. Glenn Schellenberg, & Sandra E. Trehub

http://www.lancaster.ac.uk/psychology/research/research-software/psyscript2/
http://www.lancaster.ac.uk/psychology/research/research-software/psyscript2/
http://www.lancaster.ac.uk/psychology/research/research-software/psyscript2/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


