Perceprion & Prychophyaicr
0T Fal, 2 () 313N

29.
WNLP-104

Gender differences in response to
spatial frequency and stimulus orientation

LESLEY BARNES BRABYN and DIANE McGUINNESS
Stanford Universify, Stanford, Colifornia S4304

Mabe and formale subjects with normal or corrected-to-normal visual seuity and less than
.28 diopter of corrected astigmatism were nsked to make contrast threshold judgments in
response Lo both stationary and drifiing grating displays. Hesults indicate a sex difference
in contrast sensitivity as a function of spatial frequency for vertical and obligue arlentations,

Recent data demanstraie sex differences in several
modalities of human sensory abilities. These have
been reviewed by MoGuinnes (1976) and MoGuinness
and Pribram (1979}, Most relevant to this study are
differences in visual processing. Several investigators
report males to have better static and dynamic aguity
(Burg, 1966; Burg & Hulbert, 1961; Roberts, 1964).
MeGumnness (1976) and McGuinness and Lewis {1976)
administered a battery of visual tasks to a sample of
voung adults and found males to be significantly
more sensitive at photopic levels for tests of acuity,
tolerance of brightness, and visual persistence.
Females were found to have superior scotopic thresh-
olds For 20¢F of visual angle and greater scotopic per-
sitence, Rogs and Woodhouse (Mote 1), using children
ranging in age from 5 to 7 years, confirmed the
male superiority in acuity for vounger age groups and
also found a higher ratio between horizontal and
obligue acubly (anisotropy) in males only.

Differences in response to several visual illu-
sions involving motion sensitivicy have also been
reported, Immergluck and Mearini (1969} Found
bovs o have a higher réversal rate for reversible
figures and Pohl and Caldwell {1968) found females
to have a higher threshold for the phi phenomenon
of apparent motion. Johannsson (Moie 2) reports
that females exaggerate motion track enlargement
in a sample of young adulis,

While these data have been accumulating, the
application of Fouriér theory 1o information process-
ing has introduced a new dimension Lo visual theory
and permitted the analysis of stimulus patterns into
component spatial frequencies. In turn, these fre-
quencies have been found to affect psychophysical
response measures (Campbell & Robson, 968
Machmias, Sachs, & Robson, 1969; also see Sckuler,
1974, for 8 comprehensive review). Camphbell and
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Robson (1968) found the contrast threshold for a
grating of light and dark bars 1o be determined by
the fundamental component of the particular wave-
form used to generate the display.- Blakemore and
Campbell {196%) report that adaptation Lo @ sguare-
wave grating reduces subsequent response to both the
sinuseidal fundamental and third harmonic com-
ponents when these were presenfed separately as
test gratings. The coding of the retinal image is sug-
gested to occur through the operation of centrally
located mechanisms, each having optimal sensi-
tivity to a particular spatial frequency (Blakemore
& Camphell, 1969),

Stimulus orientation has also been found (o affect
measures of perception, and numerows studies report
anisotropy in human vision such that resolution is
superior for vertical and horizontal wargets (Auneave
& Olson, |967; also see Appelle, 1972, for a compre-
hensive review; Emsley, 1925; Jastrow, 1893;
Ogilvie & Taylor, 1958). Analogous to the tuning
found in the fregquency domain, & 30° to 40° shift
in orientation of a diagonal line will significantly
improve its perceptibility while a shift of the same
amount will reduce discrimination for vertical and
horizontal lines (Finger & Speli, 1947), Oprical
explanations of the phenomenon have not been
supported, and the experimental results of Campbell,
Kulikowski, and Levinson (1966} strongly suggest a
postretinal origin of orientation preference.

Meurclogical studies yield complementary data
and reveal funclional organizations through which
mechanisms receptive to specific parameters of visual
information may operate (Campbell, Cooper, &
Enroth-Cugell, 1969 Enroth-Cugell & Robson, 1966;
Hubel & Wiesel, 1962), lkeda and Wright (1974a)
describe the response characteristics of (wo 1ypes of
cortical cells selective for spatial frequency. The
“‘rransient”” cell is distinguished by large receptive
field size and peak sensitivity to gratings of low
spatial frequency, while the slower condueting *‘sus-
tained"’ cell has a smaller receptive field size and
optimal response 1o high-frequency gratings, Evoked
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responses from these units are severcly diminished if
the stimulus differs by a factor of two from the
preferred frequency for the cell (Campbell & Robson,
1964).

Similarly, Hubel and Wiesel (19%62) report the dis-
covery of orientation-specific cells at the cortical
level with each unit maximally responsive (0 & partic-
ular orientation of the stimulus in its receptive field.
Comparable to the limited tuning found among the
frequency analyzers, response is significanily de-
creased if the target is shifted 107 o 15° from the
cell's preferred orentation (Hubel & Wiesel, 1965).
Campbel]l and Kulikowski (1966} propose that infor-
mation from the retinal image 15 transfecred through
independent ortentation-specific channels and the
content of these further analyzed in the frequency
domain,

Most of these psychophysical and physiological
studies restrict investigation fo a8 small population
{usually male). Hence, normative data are lacking.
This problem becomes especially critical as the
increasing number of gender effects in visual process-
ing are revealed, I different sensory threshald levels,
mediated through physiological mechanisms, are
responsible for differentially biasing information
processing between the sexes, it is conceivable that
the siructuring of their respective perceptual systems
may be affected as a consequence. If a cohesive
theory of psychophysical sex differences is 1o emerge
from the scattered results obtained in previous studies,
systematic investigation of response differences as a
Tunction of the spatial frequency and orfentation-
specific mechanisms is highly recommended.

In an attempt to 1solate and quantify some of these
variables, the following set of experiments was
designed to examine response characteristics as a
function of spatial frequency, stimulus orientation,
and stimulus motion. Young adults screéened for
acuity and astigmatism were tested on contrast
threshold for 13 spatial frequencies ranging from 4
to 10 cycles/deg. These were presenied in one of four
orientations as stationary targels, In a second experi-
ment, these subjects were tested again using the same
stimulus parameters with the exceplion that the
stimulus rarger was moving al a constanl phase
velocity (drift).

EXPERIMENT 1

felethod

Bubjects. Subjects were ¥ ondergraduate students (200 males
and 19 females] who panticipated in the stedy for course credi.
All subjeces were required 1o possess, or be corrected bo, 20020
woity ar bener &5 measwred by a Saeflen chan. Astigmatism levels
wire delérmined by et frame refrscbon for abl subjecis, asd
prescriptions for those weanng corrective lenses were determaned
by @ lensometer {Toko BModel 18). Subjects were elimingied from
e study |f the correcricn required Tor asiigmatism exceeded
.25 deopaer by &9 ber measare.

Apparwlms. The sabmulus, a uniform grating patiern, was
generaied using a method simiar io that described by Camabell
ars Green {1962), and presenied on & monitgf, Teironix Type G,
Beam intensity (2 axis) of the 13 x 10.8 cm sereen =as modulaied
wilh @ pure ginusaidal frequency produced by a Tusction gen-
erasor (AS0 Maodel 2D, and, =ih saiahle synchronizaios of the
teme base and razier scan generarers, stable granngs of amy spadial
Mrequency could be displayed. Separate comirals wese provided for
adjusting copirast and spatial Trequency, independent of mean
sereen huminance, which measured ar ourpy with a digical phoio-
meiric microscope (Camma Scientific Modeks 280 and 700- 10-Aj)
al a constant 1919 cd/m’ for |3 grovings (.4, 6, B, L0, 2.0,
T, 4.0, S0, 50, T, B0 50, and §0 1.'}1:|E.|"ll:|=[|'. Coniras
is defimed as (Lmax - Lmin)/[Lman + Lmin), where Lmax and
Lmin are the mazimum snd minimum luminance levels in
the grading. and could be adjusted by tursing the knob of a po-
lerdiometer and sitenwsior in zeries. The momilor el was lixed
in & jig which ablowed 1he experimencer 10 manaally rotate the
display face 10 one of Tous posnbons: 45° (right obligue], 907
(heripantal), 135 {left obliguel, asd 1807 {weriicall

Procedure. Afier being fested fod acuity and msbigmalism, each
subjpect was seated @ @ disiance of 160 cm from fhe scretn ansd
positioned by means of a chinrest and 1wo foam padded
feslrainers &l cach side of the head, The sereen was viewed bi-
mocularly and ametropic ohservers wore 1their nofmal flraddive
carrections for all measwrements.

Trials were hlocked by oriendaiion and counterbalanced aorass
sihjecis, Subjeces made contrast threshold jedgmenis, using an
ascending methad ol limits, for each of ibe 13 spaiial frequency
prafings presended randomly witkin each arientation. Each suhb-
ject was tesied Tor 4% min during reo separate sessions, usualky
2-3 days apan, Esch session consimed of %6 triaks presemied |a
sy blocks of 16 rrials each, =hich included pracrice irials. To
avoid unnecessary assamptions aboal response crilersl, I-1 blank
{“catch® ) trials were included within zach block during which no
stimmulus way peresenoed,

A1 the beginning of cach sesion, the sulbbject was told 1o ook
a1 1he center of the scretm and thar hedshe would be zesing a
series of siripes of varylng widths shich weald be cominugusly
presenl and gradually be increased in contrast unlil vistble, He/she
wid jsilrgcied that the 1ask =ag 0 respond with a “'yes' o ppon
m the pretemee of a graning was detecied "“sef he sisapes™)
and 10 wilhhold response T 0 grating w=as seen. The subject
was bodd sbout 1ke caich trials, and accuracy was siressed.

Each block of irials 1ook approaamasely 3 man 1o complere and
was rus under enesopil condinsons, duning wiich che experimenial
ram was illurminkled by pilot bghis from the equipment snd &
small light source mear the coperimender. In belwees gach Block,
the subject was given & |-2-mim résl peried, during =&ich room
lumimance was increased 1o a pholopic level.

Resulis

Most subjects were extremely accurate in avoiding
false positives on the catch trials, with an error rale
below 0% of the 18 catch trials. However, three
subjects with error rates well above this value were
eliminated, leaving data for a total of 36 subjects,
18 male and 18 female.

A separate analysis of variance was carried out for
45" and 135° conditions within each sex; il showed
no significant differences between these two orenta-
tions [F(1,442) = .GEM, p < 1.0, for males; and
Fil,442) = 1.065, p < 1.0, for females]. Scores for
the oblique orientations were then collapsed inio one
measure for each sex in all subsequent analyses.

Contrast threshold means are shown in Table 1.
A2 (sex) by 3 (orientation) by 13 (frequency) analysis




SPATIAL FREQUENCY AND STIMULUS ORIENTATION £ |
Takie |
Expetimind 1: Mesn Contrast Theeshald (Percent) e s Function of Spatial Frequescy and Oriendstion
Spatlal Frequency (CyelesTepgnee)
Group i & B 10 20 30 40 5@ &0 70 EO0  90 100 Mesm SO
Meles
Vertical L9 154 130 3 7 N g4 3 A7 1M 13 16y 1M 11 12
Hofzontal  0B6  15F 113 &5 M 73 3% Bk 495 L1l 140 147 186 121 23
Obligue 1892 154 121 g6 35 57 &S 84 115 132 15T 1A% a4 LA 23
Mean 190 153 L1895 93 73 TR BB 102 1A5 144 LT3 140
5D 2% 3% W QT a1 a4 4 08 X M 29 Iz .32
Femals
Vertical 179 142 016 W 73 76 Bl B9 107 130 155 L0 16 26 LIS
Horizomtad 178 §41 0.4 L0 T3 7F 79 B3 57 LM 145 LT3 1m4 L3120
Obligue 169 L37 LA2 8% 77 T4 RS 86 105 140 171 oo 237 131 34
Mean 173 140 LI6 S T4 74 A 90 108 §2E 157 181 L2
5D 330 032 32 WM 9@ g0 1l s 2 H™ 0 37 35 44
TotalMean 132 146 L7 885 T4 74 MO B9 104 14 181 137 108
Total 5D T R T TSN | N IS I SO - SO [ S | | B S R | 3K
Note-Contrast = JO0Lmax — Lenin)/fLmax + Lmin],
of variance was carried out. The summary of results ) Tabile 2
appears in Table 2, where it can be seen that the Experiment 1: Analysis of Yariance Sammary
main effect of sex is not significant [F(1,34) = 135, Effect df F
p < 1.0], while orientation and spatial frequency Sex | 34 138
arc highly significant main effects [F(2,68) = 18.80, opentatice 268 18802
p« 001; F(12,408) = 264,16, p < M), Further Spatial Frequumcy 11408 264, 165t
analysis, wusing the Scheffé method for muliiple ss:ﬁ'zun.nlz;iun s u:i.g: I_m“
K ' a iy i '
post hoo comparisons, _remled resclution to be Drieniation/Spatial Frequency 14 B16 £ BTt
superior ‘"'. baoth the vcrtrF:I and horizontal gratings ¢ e o iation Spatial Frequency 2 B16 15410
across subjects, confirming the anisoiropy effect . e Fa
found in previous research [F'(2,24) = 980, p< =03 ‘Pl tp<.l,
.025]. Differences in degree of anisotropy were nol
found to be significant in between-sex comparisons. _|._
Table | presents the mean scores for each frequency e
at each orientation. Threshold was considerably eass DUl

higher for the oblique orientation, explaining some
of the variance obtained in the orientation/spatial-
frequency interaction. The mean scores in Table 1
also show that anisotropy is absent at low spatial
frequencies and increases with high spatial frequencies,

Of particular interest 1o this study is the signif-
icant two-way Sex by Spatial Frequency interaction
[Fl12.408) = 2.563, p < .01]. Scheffé comparisons
of means showed females 1o be superior in the
resolution of the three lowest freguency gratings (.4,
B, .8 cvcles/deg) and males to be better in the
highest frequencies (8.0, 9.0, 10.0 cycles/deg) [F'(1,34)
= d2.4, p < .001, respectivel¥]. The mid range
showed no gender difference. This interaction is most
clearly illustrated by Figure 1, which plots the dif-
ference scores (female-male) for conrast threshold as
a Tunction of spatial frequency. This effect was con-
siderably more pronounced for vertical and obligque
orientations than for the horizontal condition, and
this accounts for some of the vanance contributed by
the significant three-way interaction.

_—

HELM DOFFERENCE SDOMES
1H .n-u.l'l.l.ﬂ: THELEHTLD (Permals- Elalsi

i -ﬁ—n—h—b-n"ﬂn—h—h—ﬁ"u“.ﬂ.—l

SFATIAL FACGUCHOT {e/Sea)

Figure 1. Bintionnry tergel difference stafes for three orientn-
fons, Megailve valees indicale females supesior, positive values
imdicnie makes superior.

EXPERIMENT 2

Frlethod

The same subjects who parricapared in Expertment | also ook
part in Experiment 1, Bath the apparaius and procedure also re-
mained the same, wilh one exception. Im Experiment I, the
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Tahie 3

e

Spatial Frequency (Cycles/Degroe)

Ciroup A & 5 10 4 30 440 54 6.0 1.4 E.D G0 10,0 Mean 5D
Mlades
Vertical 10§ % 77 72 6H 69 75 83 105 106 141 159 200 105 .0
Homizantal 1.02 L Al T3 549 . a7 31 R 1.15 145 1,77 1 .87 1 06 20
Oblique iR % B T3 & 71 BEF M4 |l 127 154 186 21 112 1R
Mzan 1.03 R L 13 i Tl 8 B4 I A .19 147 1.74 2.4
S 22 Nl A A3 A1 A3 14 AR bl | 13 149 35 .EIB‘
Females
Vertical AT Al .14 EH B3 A9 9 83 1.12 13 1 54 1. T .17 1.0% ] |
Homzontal a7 Nk Bk A8 A1 AR .75 .ES (1] 1.18 1.50 1.73 2005 105 L
Obligue B 5] B T rl | g1 T A A4 .16 143 1.81 2.4 .39 1.1% .25
Mean R L B3 78 f4 fil] b Ty ] | 1.10 1.31 | 62 (.1 220
5D 19 A3 oy T 08 A A1 17 25 31 .34 41 5
Tatal Mean a9 BE 10 i} AT Tl a7 A 1 .07 125 1.54 180 B[]
Tatel S0 e | 14 11 Ad A% Al A AT 23 n i g 47
Mg —Conrragr = W [Lmax - Leunjfilmax + Lmim),
gratings were 5 1o drift across the dasplay face of the manaor Tahie 4
at & comstanl phase veloiny of approximately 10 deg/sec. Experiment 2: Analysis of Vanance Eur-m.-'_l: z
Rainiian 5 o S = TIH- FE]B

A separate analysis of variance on the 45" and 135 ~ ' i
conditions within each sex showed no significant dif- ?:::T:Ji};::r:amw P s
ferences to exist between these two orienfations  seviOrientation 16 1.965
[F(1,442) = 112, p < 1.0, for males; and F{1,442) mﬁmr_jd;;rtqqulngy Iti:;ﬁ i;g::
= 83, p < 1.0, for females]. As in the previous set Lation /Spatial Frequancy
of dutmpﬁmrﬂ for the oblique orientations were then ~ Se*/Orientation/Spatial Frequency ~ 14.816 L
collapsed into one measure for cach sex in subscquent  *p < .00f
analyses.

Mean scores for contrast threshold are illusirated . .
in Table 3. A Sex by Orientation by Spatial frequency ---I e .
analysis of variance was carried out, and a summary ] e Hpsanial i
of results appears in Table 4. Again, orientation and g o — o
spatial frequency emerge as highly significant main giml
effects [F(2,68) = 16,776, p< .001; and F{12,408) = —h-

318.113, p < .001, respectively]. While sex did not £ |

appear as a significant main effect [F(1,34) = 518, E!“

pe< 1.0], the two-way interaction of 5ex by Spatial Bz

Frequency was highly significant [F{12,408) = 3,399, B g

p< (001]. Asin Experiment 1, Scheffé post hoc com- = i

parisons found females to have lower contrast  * g

thresholds for the two lowest frequencies {.4-,6 cycles 4

deg) while males had lower thresholds for the highest gy 11

four frequencies (7-1000 cycles/deg) [F'(1,34) = 45.2,
p < .001; and F'{1,34) = 117.90, p < .001, respec-
tively]. This effect was considerably more pronounced
in the vertical and oblique conditions, These difference
seores are illustrated in Figure 2.

In order to compare the two conditions, otal mean
weores (data collapsed across sex) were computed
from the 1,150 scores for each spatial frequency. The
curves, illustrated in Figure 3, have been plotied by
connecting these mean values. It can be seen tha
threshold functions in the two stimulus conditions
are different for low spatial frequencies, Maximum

(T I-IJ B .:. CRELE! -I'Ii'-n_b_"hlll-llrh_

SPATIAL FREQUENCT | & /0|

Figure 1. Divifting targed difTerencr seones Tor (bree ordemiatians,
Megulive values indicnie Femules superior. pasitive valwes indicane
maldes smperior,

sensitivity to drifting stimuli is elevated across the
entire low to mid spaftial frequency range and includes
A to 4.0 cycles/deg. Sensitivity is particularly
increased From .4 vo 1.0 cycles/deg.

Anisotropy effects ocour similarly in both conditions
of static and drifting targers, with anisoiropy found
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— piimlbic grating
=== didliildag goaling

COMTRAST SEWNSITIVITY
]
T
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SPATIAL FREQUEMCY [(e/deg)

Figwre 3, Coniras) sensitivity (the reciprocsl of cosirasl (hreh-
wld). Comybimed means collapsed acrosy orserdation and sex or
simlic anad deifing largeis,

only in the mid 1o high spatial frequency range and
increasing with higher freguencies (see Tables 1 and 3).

DISCUSSION

The results for the main effects of spatial fre-
quency and orientation confirm findings from other
laboratories. Contrast thresholds are lowest at
2-3 cycles/deg of visual angle for stationary targets,
and show & curvilinear function. Low-contrast
threshold function changes in conditions of motion,
such thai thresholds are lower across the entire low
to mid range of spatial frequencies. At about 4 cycles/
deg, these curves approximate those found in response
io statipnary targeis,

Anisotropy is found in both static and drift con-
ditions and occurs only in mid range to high spatial
frequencies, increasing noticeably with higher spatial
frequency fargets.

These data tend to indicate that there are at least
two qualitatively different processes involved in the
visual system. Sensitivity to motion is part of a low
spatial frequency mechanism, and anisotropy i3 a
part of the high spatial or acuity mechanism.

Above and beyond these two different systems are
the sex differences which are pronoumnced al the outer
regions of the contrast sensitivity curve, with females
significantly more sensitive in the low spatial frequency
range and males more sensitive to high sparial fre-
quency targets. These sex differences are nol af-
fected by any manipulation of the stimulus such as

323

prientation and motion, and thus appear 1o be robust
differences reflecting something other than motion
sensitivity or effects attributable to anisotropy. Also,
contrary to the data of Ross and Woodhouse, females
are, if anything, more anisotropic than males [(see
Tables 1 and 3},

Therefore, a further explanation for the meaning
of these sex differences must be sought, An appealing
hypothesis is one of femporal differences in process-
ing between low and high spatial frequencies. Tkeda
and Wright (19742, 1974b) proposed that different
frequency range sensitivities reflect a dichotomous
processing system in which information from the
retinal image is transferred through independent
channels, that is, through the transient and sustained
cell mechanisms. The transient system |3 rapid and
sensitive 1o low spatial frequencies. The sustained
system is slow and sensitive to high spatial frequencies.
A similar conclusion was reached from the results of
a masking study on human observers by Vassilev and
Mitov (1976}, in which a threefold effect of temporal
masking occurred between low and high spatial fre-
guency targets of 3 and 10 cycles/deg.

Thus, neurophysiological and psychophysical studies
show two temporal domains in visual processing with
Fast intake of low-freguency information and slower
processing of higher frequency information. As the
mid range of lrequencies showed no sex difference, it
is suggested that the differences obtained would be
exaggerated by the extension of the upper and lower
limits of the frequency distribution, Further research,
CHAMININE response varaton as a function of temporal
characteristics of the two systems, is strongly sugpested
on the basis of results obiained in this study,

These data alse have implications for patiern
recognition, Ginsburg (1971) found global analysis
of patierns dependent upon the utilization ol low
spatial frequency information, while attention to high-
frequency components tends Lo segregate a patiern,
working against Gestalt organization. We suggest
that females, with primary sensitivity o low-frequency
information, may take an “integrative’’ approach 1o
pattern analysis, while males may take a *'segregative™
approach, attending primarily to high-frequency
information isclating objects of interest from the field.
Further examination of sex differences on measures
of temporal integration and recognition of patierns
is recommiended before this can be achieved.

Both sexes showed less sensitivity to diagonally
oriented gratings. The mammalian visual system may
have adopted the strategy of primary juning to
vertical and horizontal orientations in order (o pro-
vide an intrinsic frame of reference, analogous 1o the
crosshairs in the sighting mechanism of a telescope.
Obliquely oriented objects would then achieve
pereeptual significance in their relationship to the
Frimary axes,

The findings that the sex difference exhibited in
the frequency domain is considerably weaker for
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horizontal gratings is difficult to explain. It could
be that both sexes perceive “‘ground" with equal
facility in a world ordered into horizontal planes, and
that perceptive differences begin to operate only in
the processing of stimuli referent 1o this ground.

Differential patterns of horizontal eve movements
between the sexes may be involved, with females using
more freguent or more rapid saccades. This would
tend to smear high frequencies in the vertical and
oblique conditions due 1o temporal summation in the
eve, It would also serve to accentuate the visibility
of low-frequency gratings due to the motion of the
image across the reting. This hypothesis suggests that
(1) females would have lower contrast thresholds
for low spatial frequencies, (2) they would have
higher thresholds for high frequencies, and (31 hori-
zontal gratings would not show effect | and 2, These
three predictions are supported by the data, but the
fact that the maximum sex dif ference was ohserved in
the oblique rather than vertical grating condition sug-
gests that the differential horizontal eve-movement
inlerpretation provides only a partial explanation of
the results, Further investigation of differences in eye
movements between the sexes is suggested before this
issue can be resolved.,

The results of these experiments indicate that
fundamental mechanisms responsible for visual
processing may operate with a differential bias
between the sexes, Based upon neurophysiological
maodels, several directions are indicated for futore
research,
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