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Abstract
Experiments with the same general goal have usually been carried out using spatial or temporal two-alternative
forced-choice (2AFC) paradigms interchangeably by distinct or even the same research groups. This situation has
occurred both in studies on visual sensitivity in dyslexia and in studies on lateral interactions in peripheral vision.
Conflicting results in either field (e.g., whether or not dyslexics have a visual sensitivity deficit and whether or not
peripheral detection is facilitated by the presence of flankers) appear to be resolved on the surmise that spatial and
temporal 2AFC paradigms indeed produce different results. We designed experiments in which peripheral detec-
tion thresholds for Gabor patches (in the presence or absence of suprathreshold flankers) could be measured using
completely equivalent spatial and temporal 2AFC paradigms so that any resultant difference can be unequivocally
attributed to the effect of the paradigms themselves. The main results showed that spatial 2AFC renders signifi-
cantly lower sensitivity than temporal 2AFC when the target is surrounded by flankers, but it renders about the
same sensitivity as temporal 2AFC when the target is presented alone. In the end, this resulted in statistically sig-
nificant facilitation only when measured with temporal 2AFC. These results suggest that splitting resources across
two spatial locations appears to elevate target detection thresholds only when a peripheral discrimination task is
involved. Separate experiments involving several peripheral locations further revealed that the magnitude of this
differential effect of paradigm varies with retinal locus. The proven effect of these two factors (i.e., variations
across paradigms and variations across retinal loci) along with large individual differences (i.e., some subjects
consistently show impairment instead of facilitation) indicates that previous conclusions about lateral interactions
in the periphery may need to be revisited.
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part by MCYT grant BSO2001-1685.
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Fig. 1. Sketch of the conditions with flankers in
each of three experiments. Thresholds at each of
two peripheral locations were measured with spa-
tial and temporal 2AFC paradigms.

Evidence of lateral interactions in
peripheral vision is inconclusive:

� Initially (Polat & Sagi, 1994a) and recently (Giorgi et
al., 2004) suprathreshold flankers were shown to sig-
nificantly facilitate the detection of a peripheral
Gabor patch. These studies used a temporal 2AFC
paradigm.

� Other studies failed to find facilitatory effects
(Williams & Hess, 1998; Zenger-Landolt & Koch,
2001). These studies used a spatial 2AFC paradigm.

Giorgi et al. (2004) provided preliminary data indicating
that the use of spatial versus temporal 2AFC paradigms
might be responsible for these conflicting results.

We addressed this issue systematically, measuring thres-
holds with and without flankers in comparable spatial and
temporal arrangements at each of two peripheral loca-
tions using different configurations (see Fig. 1).
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Fig. 2. Results of Exp. 1.

Experiment 1. Conventional left-right configuration

� Thresholds in the left and right locations are very sim-
ilar whether with or without flankers (data points
around the diagonal in Fig. 2a).

� Thresholds from temporal paradigms are significantly
lower than thresholds from spatial paradigms (data
points below the diagonal in Fig. 2b).

� The difference is smaller in the target-alone condition
(open circles in Fig. 2b) than in the target-plus-flanker
condition (solid circles in Fig. 2b).

� Threshold elevation is smaller (i.e., there is more facil-
itation) with temporal 2AFC (data points below the
diagonal in Fig. 2c).

Is performance in the spatial paradigm af-
fected by the distance between the two spatial
locations that must be attended to simulta-
neously?
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Fig. 3. Results of Exp. 2.

Experiment 2. Upper hemifield (the two peripheral locations are brought closer together
while each of them is still at the same distance from fixation)

� Thresholds at both locations are very similar again
(data points around the diagonal in Fig. 3a).

� Thresholds from temporal paradigms are significantly
lower than thresholds from spatial paradigms (data
points below the diagonal in Fig. 3b).

� The difference is not significant in the target-alone
condition (open circles in Fig. 3b) but it is larger than
it was in Exp. 1 in the target-plus-flanker condition
(solid circles in Fig. 3b).

� Threshold elevation is again smaller (i.e., there is
more facilitation) with temporal 2AFC (data points
below the diagonal in Fig. 3c).

Bringing locations closer to each other does
not help. Is this because the two cerebral
hemispheres are involved in spatial 2AFC?
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Fig. 4. Results of Exp. 3.

Experiment 3. Right hemifield (but the two peripheral locations are at the same distance from
each other and from fixation as they were in Exp. 2)

� Again, thresholds at both locations are very similar
(data points around the diagonal in Fig. 4a).

� Again, thresholds from temporal paradigms are signif-
icantly lower than thresholds from spatial paradigms
(data points below the diagonal in Fig. 4b).

� Again, the difference is not significant in the target-
alone condition (open circles in Fig. 4b) but it is simi-
lar to what it was in Exp. 2 in the target-plus-flanker
condition (solid circles in Fig. 4b).

� Again, threshold elevation is smaller (i.e., there is
more facilitation) with temporal 2AFC (data points
below the diagonal in Fig. 4c).

These results are thoroughly analogous to
those observed in Exp. 2. The number of
hemispheres does not seem to matter.



Page 6

Summary and Conclusions

• Temporal 2AFC produces thresholds that are significantly lower than those obtained with
spatial 2AFC in comparable conditions.

• The magnitude of the difference varies with retinal locus and spatial context (larger differ-
ences for target detection in the presence of flankers than for detection of the target alone).

• There are large individual differences. With spatial 2AFC, some subjects consistently show
impairment (data on the right of the vertical line in Figs. 2c, 3c, and 4c) or facilitation (data
on the left of the vertical line) in different conditions.

• Similar effects of spatial versus temporal paradigms appear to contaminate the assessment of
visual deficits in dyslexia (Peli & García-Pérez, 1997).

• The differential role of attention and uncertainty in spatial versus temporal 2AFC paradigms
ought to be investigated (Cohn & Lasley, 1974; Burgess & Ghandeharian, 1984; Carrasco et
al. 2000; Cameron et al., 2002; Solomon & Morgan, 2003).
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MATERIALS AND METHODS
Apparatus and stimuli. All experiments were under com-
puter control with VisionWorks (Swift et al., 1997). Stim-
uli were displayed on an EIZO Flex-Scan FX•E7 color
monitor with a spatial resolution of 1024 × 600 pixels, a
luminance resolution of 215 gray levels, and a frame rate
of 122.7 Hz. The image area subtended 22.8 × 13.4 deg at
1 m. The voltage-to-luminance nonlinearity was compen-
sated for via look-up tables. The temporal course of stim-
ulus presentation was a rectangular pulse of 90 ms (11
video frames) preceded and followed by a single frame at
half the nominal contrast to mitigate transients. The total
presentation duration was thus 107 ms (13 frames). In
experiment 1, the target stimulus was a Gabor patch with
a vertical carrier of 4 c/deg and a circular Gaussian enve-
lope with a standard deviation of 0.18 deg. The stimulus
was represented internally with 22.4 pixels per cycle of
the carrier and was displayed with a mean luminance of
54 cd/m2 that blended in with a uniform 54-cd/m2 back-
ground covering the entire image area. The center of the
monitor displayed a small cross that the subjects fixated
throughout the experiment. The target stimulus always
appeared with its center 4 deg either to the right or to the
left of the fixation cross. In separate blocks still within

experiment 1 the stimulus field either consisted of the
target just described or included also two collinear flank-
ing Gabor patches of the same frequency, orientation, and
size but with a fixed suprathreshold Michelson contrast of
0.4. In blocks with flankers, these were present in each of
the spatial or temporal intervals (as appropriate) and were
centered 1 deg above and 1 deg below the locations where
the target stimulus might appear. The stimulus configura-
tion in experiments 2 and 3 differed from that in experi-
ment 1 only as to the location and orientation of the target
and flankers, but targets continued to be 4 deg away from
fixation and were oriented orthogonal to the line connect-
ing fixation and target location, whereas flankers contin-
ued to be co-oriented and located ‘above’ and ‘below’
along the oblique orientation of the target.

Procedure. The monitor warmed up for no less than half
an hour. Binocular viewing with natural accommodation
and pupils was used. Subjects sat 2 m away (1 m away in
experiments 2 and 3) from the display and their head was
not restrained. The room was dark. The background lumi-
nance and the fixation cross were present throughout the
session. Data were collected with an adaptive method of
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constant stimuli governed by 1-up/1-down staircases with
steps down of 0.2 log units and steps up of 0.4 log units.
Two separate staircases were interwoven in each block
which differed only by 0.1 log units in their starting
points (�0.6 versus �0.5 log contrast), that is, half the
base step size of 0.2 log units that was used in each stair-
case. Staircases under the temporal paradigm were set up
to run until 50 reversals had been completed; staircases
under the spatial paradigm were set up to complete 100
reversals. A spatial trial consisted of a 107-ms presenta-
tion period signaled by a beep and in which the target ap-
peared either at location A or at location B, newly de-
cided at random with equiprobability on each trial. A tem-
poral trial consisted of two 107-ms co-spatial presenta-
tions (either on location A or on B, invariant within a
block) in only one of which was the target displayed,
again newly decided with equiprobability on each trial.
The two temporal intervals were marked by beeps of dif-
ferent pitch and separated by a gap of 820 ms (100
frames). Subjects indicated by a key press the location in
which the target had appeared, guessing at random when
necessary. If subjects had missed a trial, they could use a
third key to ask for the trial to be discarded and repeated
(not necessarily immediately afterwards). The session was

self-paced, as the next trial did not start until the subject
had responded. Each subject completed the full set of
conditions of experiment 1 in 12 sessions, four involving
each of the three paradigms (spatial, temporal on location
A, and temporal on location B). The four sessions of each
type were mere repeats. A session consisted of two blocks
of trials (one for the target alone and one for the target
plus flankers). Each block consisted of two interwoven
staircases covering interlaced lattices as described above.
Experiments 2 and 3 were completed analogously.

Data analysis. Data from all repeat sessions (400–500
trials altogether) for each of the eight conditions in a
given experiment (factorial combination of spatial versus
temporal paradigm, location A versus location B, and tar-
get alone versus target plus flankers) were pooled and
binned by contrast level, and a logistic psychometric
function � given by

(1)�(x) � ��
1����

1�exp �b (x��)

was fitted to each data subset. Maximum likelihood esti-
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Fig. 5. Response bias shown by subject #4 in the spatial condition of
experiment 2. The subject has a propensity to respond “right upper”
when guessing, which increases his proportion of correct responses
when the target was actually presented at that location but decreases
his proportion of correct responses when the target had been pre-
sented on the other location. When data from both locations are
combined (lower panel), the average rate of correct responses is righ-
teously 50% at low contrast levels.

mates were obtained using NAG subroutine E04JYF

(NAG, 1999). Bins with fewer than 20 responses were
discarded. Data from temporal paradigms were fitted as-
suming a fixed guessing rate � = 0.5. Data from spatial
paradigms had to be fitted with the guessing rate � re-
garded as a free parameter, to compensate for response
biases (see Fig. 5). To reflect comparable performance
levels across conditions yielding different guessing rates,
threshold � in Eq. 1 is implicitly defined as the point at
which the probability of a correct response is halfway be-
tween the lower and upper asymptotes of �.

Subjects. Four experienced observers with normal or
corrected-to-normal vision participated. The first three
subjects were authors; the fourth subject was naïve in all
respects. Prior to their participation, all subjects read and
signed an informed consent form that had been approved
by the Institutional Review Board in accordance with
NIH regulations.



Page 10

References and related work

Burgess, A. E. & Ghandeharian, H. (1984). Visual signal de-
tection. II. Signal-location identification. Journal of the
Optical Society of America A, 1, 906–910.

Cameron, E. L., Tai, J. C., & Carrasco, M. (2002). Covert at-
tention affects the psychometric function of contrast sensi-
tivity. Vision Research, 42, 949–967.

Carrasco, M., Penpeci-Talgar, C., & Eckstein, M. (2000). Spa-
tial covert attention increases contrast sensitivity across the
CSF: Support for signal enhancement. Vision Research,
40, 1203–1215.

Cohn, T. E. & Lasley, D. J. (1974). Detectability of a lumi-
nance increment: Effect of spatial uncertainty. Journal of
the Optical Society of America, 64, 1715–1719.

Giorgi, R., Soong, G. P., Woods, R. L., & Peli, E. (2004). Fa-
cilitation of contrast detection in near-peripheral vision.
Provisionally accepted in Vision Research.

Numerical Algorithms Group (1999). NAG Fortran Library
Manual, Mark 19. Oxford: Author.

Peli, E. & García-Pérez, M. A. (1997). Contrast sensitivity in
dyslexia: Deficit or artifact? Optometry and Vision Sci-
ence, 74, 986–988.

Polat, U. & Sagi, D. (1993). Lateral interactions between spa-

tial channels: Suppression and facilitation revealed by lat-
eral masking experiments. Vision Research, 33, 993–999.

Polat, U. & Sagi, D. (1994a). Spatial interactions in human
vision: From near to far via experience-dependent cas-
cades of connections. Proceedings of the National Acad-
emy of Sciences of the U.S.A., 91, 1206–1209.

Polat, U. & Sagi, D. (1994b). The architecture of perceptual
spatial interactions. Vision Research, 34, 73–78.

Solomon, J. A. & Morgan, M. J. (2003). Flanked targets: Eas-
ier to see, harder to identify. Perception (Suppl.), 32, 47.

Swift, D., Panish, S., & Hippensteel, B. (1997). The use of
VisionWorks™ in visual psychophysics research. Spatial
Vision, 10, 471–477.

Williams, C. B. & Hess, R. F. (1998). Relationship between
facilitation at threshold and suprathreshold contour inte-
gration. Journal of the Optical Society of America A, 15,
2046–2051.

Woods, R. L., Nugent, A. K., & Peli, E. (2002). Lateral inter-
actions: Size does matter. Vision Research, 42, 733–745.

Zenger-Landolt, B. & Koch, C. (2001). Flanker effects in pe-
ripheral contrast discrimination–Psychophysics and mod-
eling. Vision Research, 41, 3663–3675.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /ESP <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


