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Delayed reinforcement: Effect of a brief signal on
behavior maintained by a variable-ratio schedule

RALPH W. RICHARDS and DOUGLAS B. RICHARDSON
Colorado State University, Fort Collins, Colorado

In alternating phases, pigeons received immediate and delayed food reinforcement under a
variable-ratio schedule for pecking a key. A 3·sec delay produced less disruption in responding
if the entire delay interval was signaled rather than unsignaled. Effects of signaling different
.5-sec portions of the delay interval were also examined. Most birds showed little or no decrease
in responding if the signal occurred at the beginning of the delay interval, but showed a substan
tial decrease in responding if the signal occurred in the middle or at the end of the delay interval.

A major operational component of the contingency-of
reinforcement concept is the time that elapses between
emission of the operant response and receipt of the stimu
lus consequence. Early research with delayed food reward
(e.g., Grice, 1948; Perin, 1943; Spence, 1947) suggested
that rats learn faster if an exteroceptive stimulus is pro
vided during the delay interval. In subsequent studies
(e.g. , Azzi, Fix, Keller, & Rocha e Silva , 1964; Ferster,
1953; Lattal, 1984; Pierce, Hanford, & Zimmerman,
1972; Richards, 1981; Richards & Hittesdorf, 1976; Size
more & Lattal, 1978; Williams, 1976), researchers have
examined effects on responding maintained by intermit
tent reinforcement. Currently, the most common method
ology involves pigeons, keypecking, food reward, and a
variable-interval schedule. Employing this methodology,
several researchers (e.g., Lattal, 1984; Richards, 1981)
have found response rates to be much higher if the delay
interval is signaled rather than unsignaled. Schaal and
Branch (1988) reported a similar finding with a delay sig
nal that did not persist for the entire delay interval. In
fact, immediate reinforcement anddelayed reinforcement
of either 3 or 9 sec produced comparable response rates
when only the first .5 sec of the delay interval was sig
naled; responding was reduced substantially when the en
tire 3- or 9-sec delay interval was unsignaled. A .5-sec
signal did not prevent decreases in responding with a 27
sec delay, but a subsequent study (Schaal & Branch, 1990)
showed that the impact of even this delay duration could
be lessened by increasing the delay signal's duration.

In the present experiment, we examined the generality
of the brief-signal results obtained by Schaal and Branch
(1988) with a 3-sec delay of reinforcement. There were
three major concerns: the type of delay signal , the tem
porallocation of the signal, and the underlying schedule
of reinforcement. The signal employed by Schaal and
Branch was a change in color on the pecking key. Rather
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than change anything on the key, in the present study we
merely added an off-key visual stimulus. The question of
whether or not a similar effect would occur with an off
key stimulus seemed especially relevant in view of the
extensive autoshaping literature (e.g., Hearst & Jenkins,
1974; Locurto, Terrace, & Gibbon , 1981). A second con
cern was whether Schaal and Branch's (1988) results de
pended on the signal occurring at the very beginning of
the delay interval . To address this issue, we manipulated
the temporal location of the signal within the delay inter
val. The final concern was whether or not Schaal and
Branch's findings could be replicated with a different rein
forcement schedule-specifically, a variable-ratio sched
ule. Although the latter concern may appear trivial, it
should be noted that some independent variables
including various drugs (see, e.g., Dews, 1955; Kelle
her & Morse, 1964), magnitude of reward (Reed, 1991),
and visual stimuli (Robinson & Shelley, 1974; Schacht
man & Reed, 1990)-produce qualitatively different ef
fects on behavior maintained by interval versus ratio
schedules.

METHOD

Subjects
Four adult female White Cameaux pigeons with previous autoshap

ing experience were maintained at 80%-85% of their free-feeding
weights.

Apparatus
The conditioning chamber had internal dimensions of3S.S x 37 x

36 em and wasconstructed primarily of white-painted plywood. A hinged
Plexiglas door served as one wall. Another wall was the metal intelli
gence panel that containeda bouselight, a row of three circular response
keys (2.6 ern in diameter), and a food aperture. Thehouselight, an 1820
bulb encased in milky-whiteplastic, was centered betweenthesidewalls
and located 30 cm above thewire-mesh subfloor. Only themiddle key
was used; it was illuminatedgreen by an 1820bulb from an in-line dis
playcell, and itscenter was23 em above thesubfloor.Thekey remained
illuminatedduring thedelay interval but was darkened during therein
forcement period. The delay interval could be signaled by turning on
the red pilot light (1820 bulb) mountedon theback wall (18.5 em from
thedoor and 29 ern above thesubfloor). The 5 x 5 em food aperture,
directly below the center key and 18.5 em from the subfloor, permit-
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ted access to mixed grain for 4 sec when the solenoid-operated food
tray was raised. The chamber was placed inside a wooden shell. Two
small fans provided good ventilation and some masking of extraneous
noises.

An Apple fie microcomputer and a Med Associates interface were
used to present stimuli, time events, and record responses.

Procedure
Due to the pigeons' prior history, no special training was needed to

establish keypecking. The size of the variable-ratio schedule was in
creased gradually to 50 for S-3327 and S-7293 and to 100 for S-7454
and S-3813. Each session began and ended in darkness, but at no time
during a session was the houselightturned off. Sessions terminated fol
lowing the 60th reinforcer or following the first reinforcer delivered
after I h, whichever occurred first.

There were 13 phases of training. Immediatereinforcementoccurred
in the odd-numbered phases. Dependingon the bird, there were between
65 and 105sessionsin Phase I; the remainingimmediate-reinforcement
phases each contained 18 sessions. Each of the odd-numbered phases
contained 42 sessions and involved a 3-sec delay of reinforcement. In
Phases 2 and 10, the entire delay interval was unsignaled (UO). In
Phase 12, the red pilot light was illuminated for the entire delay inter
val (SO). The pilot light was illuminated for only .5 sec in Phases 4,
6, and 8. In these three phases, the signal occurred at the beginning
(E-SO, early signal delay), in the middle (M-SO, middle signal delay),
and at the end (L-SO, late signal delay) of each delay interval.

It should be noted that all pigeons received the various brief-signal
conditions in the same order. Although some sort of counterbalancing
couldeasilyhavebeenemployed, our firstconcernwas to replicate Schaal
and Branch's (1988) findings. Thus, rather thanrisk potentialcarryover
effects once the signal had been directly paired with the food and
presumably become a strong conditioned reinforcer, we decided to
present the brief-signal conditions in an order that decreased the likeli
hood that behavior observed in later phases could be attributed to the
signal's becoming a stronger conditioned reinforcer in earlier phases.

RESULTS

The connected x s in Figure 1 represent each bird 's
mean response rate during the final nine sessions of each
phase. An indication of the stability of responding may
be obtained by examining mean response rates during the
last three three-session blocks, indicated in order of oc
currence by oval, rectangle , and diamond symbols.
Neither the responses made during the delay interval nor
the delay-interval time was included in the calculation of
response rates. Figure 1 shows that changing the proce
dure from immediate reinforcement in Phase 1 to totally
unsignaled delayed reinforcement in Phase 2 produced a
large decrease in each bird's response rate; response rates
increased on reintroduction of immediate reinforcement
in Phase 3. A similar pattern occurred in Phases 9-11,
although the magnitude of change was lessened for
S-7454.

When a .5-sec signal occurred at the beginning of the
delay intervals (E-SD), only S-3327 showed a large
decrease in responding; S-7293 and S-7454 showed
no decrease , and S-38l3 showed, at most, a very slight
decrease . In contrast, all birds showed a large decrease
in responding when the brief signal was delivered in the
middle of the delay interval (M-SD) and at the end of the
delay interval (L-SD) .

Changing from immediate reinforcement in Phase 11
to totally signaled delayed reinforcement (SD) in Phase 12

produced some decrease in responding for 3 birds (ex
ception, S-7293) . In seven of the eight possible within
subjects comparisons, absolute response rates were higher
under SD than under UD. Unfortunately, more detailed
comparisons of response rates among the various delay
procedures are problematic, owing to changing baseline
response rates of some birds across the numerous phases
of immediate reinforcement.

DISCUSSION

Keypeckingof pigeons produced food either immediatelyupon com
pletion of the requirements of a variable-~tio sche:<Iule or 3 sec I~te~ .

The3-secdelayhad differenteffects,depending on stunuluseventsWIthin
the delay interval. For example, response rates were higher when a pi
lot light at the rear of the chamber was illuminated throughout the de
lay interval than they were when no stimulus change occurred durin.g
the delay interval. This signaled-unsignaled difference confirms previ
ous research (e.g ., Latta!, 1984; Richards, 1981) conducted with a
variable-intervalbaselineschedule. Schaaland Branch(1988), who also
employeda variable-intervalschedule, reported that delayingreinforce
ment for 3 sec did not decrease responding if there was a brief change
in the stimulus on the key at the onset of the delay interval. With a
variable-ratio scheduleand an off-keydelaysignal, we obtaineda similar
fmding with 3 of 4 pigeons. Clearly, Schaal and Branch's fmding is
neither an artifact of their use of an insensitive baseline schedule nor
a mere byproduct of autoshapingowing to their use of an on-key delay
signal. However, it might be useful to systematically compare the en
hancingeffects of signals with various physicalcharacteristics. Perhaps
our delay signal was relatively nonsalient, which could explain why 1
of our subjects (S-3327) did show a large decrease in responding with
the brief signal at the beginning of the delay interval.

Thepresentstudy showedthatthe effectiveness of the briefdelaysignal
depended on its location within the delay interval. Most birds showed
little change in responding when onset of the signal and onset of the
delay interval coincided, yetshowed substantial reductions in respond
ing whenonsetof the signalfollowed onsetof the delay intervalby either
1.25 or 2.5 sec. Conditioned reinforcement (e.g., Spence, 1947) may
relate to these fmdings. Since the delay signal predicted food and was
paired with food, it should become a conditioned reinforcer. All other
thingsbeing equal, lower responserates wouldbe expectedwithdelayed
conditioned reinforcement (M-SO and L-SO) as opposed to immediate
conditionedreinforcement(E-SD). However, movingthe signal further
away from the onset of the delay interval also moved it closer to the
food reward, which should have increased its potency as a conditioned
reinforcer. Although the suspected increase in the signal's potency as
a conditioned reinforcer may not have been sufficient to counteract the
effect producedby delayingits delivery, this should be viewedas a post
hoc explanation.

Richards(1981)employedthe conceptsof adventitious reinforcement,
competing behavior, and stimulus generalization in a speculative anal
ysis of why responding might be more rapid when the entire delay in
terval is signaled rather than unsignaled. The suggestion was that ad
ventitious reinforcement wouldstrengthen competing behavior,regardless
of whether or not the delay interval was signaled, but that the compet
ing behavior would generalize less to nondelay portions of the session
when acquired during a distinctivesignaleddelay period. This analysis,
although successfully extended by Schaal and Branch (1990) to their
findings, fails to account for the present results involving the E-SO,
M-SO, and L-SO procedures. Of these brief-delay procedures, E-SO
assured the greatest similarity between nondelay portions of the ses
sion and the end of the delay interval, where adventitiousreinforcement
would occur. This means that the most generalization of competing be
havior to nondelay portions of the session should have occurred with
the E-SO procedure, which implies that this signaled-delay procedure
would produce the lowest rate of keypecking. In fact, the E-SO proce
dure produced much less disruption of keypecking than did either the
M-SO or L-SO procedures.



DELAYED REINFORCEMENT 545

100 5-3327 VR50 ~

80

60

10 0
5·7293 VRSO

W
r- 80

J
Z 6 0

~ 4 0 0

[
W 5-7454 VR100

~ 0

1 4 0

m 0

w 1 2 0

m CJ

Z 1 0 0

0
80

0

~
m 0 0

W
60

[

5-38"13 VR100 0
0

1 2 0

100
0

80

60
0

IM M LD IM M E-SO IMM M -SO IMM L -SO IMM LD IMM SO IM M

PHASES

Figure 1. Mean response rates during the last nine sessions of each phase (indicated by xs), Mean response
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In view of the recent resurgence of interest in animals' information
processing abilities (e.g ., Roitblat , Bever , & Terrace, 1984), future
researchers may be expected to employ increasingly more cognitive per
spectives in dealing with delayed reinforcement. Perhaps a delay sig
nal is effective only to the extent that it marks the reinforced response
(see Lieberman, Mcintosh, & Thomas, 1979) and improves subjects'
perception of a cause-and-effect relationship between behav ior and re
ward . In this regard , it would be interesting to examine the various de
lay procedures within the detection-of-causality methodology developed
by Killeen and Smith (1984) .

REFERENCES

AzZI, R., FIX, D. S. R. , KELLER, F. s..» ROCHA ESILVA, M. I. (1964).
Exteroceptive control of response under delayed reinforcement. Jour
nal of the Experimental Analysis of Behavior , 7, 159-162.

DEWS, P. B. (1955). Studies on behavior: II. The effects of pentobar
bital, methamphetamine, and scopolamine on performances in pigeons
involving discriminations. Journal of Pharmacology &: Experimen
tal Therapeutics, 115, 380-389.

FERSTER, C . B. (1953) . Sustained behavior under delayed reinforce
ment . Journal of Experimental Psychology , 45, 218-224.

GRICE, G. R. (1948). The relation of secondary reinforcement to delayed
reward in visual discrimination learning. Journal ofExperimental Psy
chology , 38, 1-16.

HEARST, E., .to JENICINS, H. M. (1974). Sign-tracking : The stimulus
reinforcer relation and directed action . Austin , TX : Psychonomic
Society .

KELLEHER, R. T . , .to MORSE, W. H. (1964) . Escape behavior and
punished behavior. Federation Proceedings , 23, 808-817.

KILLEEN, P. R., .to SMITH, J . P. (1984). Perception of contingency in
conditioning: Scalar timing , response bias , and erasure of memory
by reinforcement. Journal ofExperimental Psychology : Animal Be
havior Processes , 10, 333-345 .

LATTAL, K. A. (1984). Signal functions in delayed reinforcement . Jour
nal of the Experimental Analysis of Behavior , 42, 239-253 .

LIEBERMAN, D. A. , McINTosH, D. C. ,.toTHOMAS, G. Y. (1979). Learn
ing when reward is delayed : A marking hypothesis . Journal ofEx
perimental Psychology : Animal Behavior Processes , 5, 224-242.

LocURTO,C. M., TERRACE, H. S. , .to GIBBON, J. (EDS.) (1981) . Auto
shaping and conditioning theory. New York: Academic Press .

PERIN, C. T. (1943) . A quantitative investigation of the delay-of
reinforcement gradient. Journal of Experimental Psychology, 32,
37-51.

PIERCE, C. H., HANFORD, P. v.,« ZIMMERMAN, J. (1972) . Effects of
different delay of reinforcement procedures on variable -interval
responding. Journal of the Experimental Analysis of Behavior, 18,
141-146.

REED, P. (1991) . Multiple determinants of the effects of reinforcement
magnitude on free-operant response rates . Journal ofthe Experimen
tal Analysis of Behavior , 55, 109-123.

RICHARDS, R. W. (1981). A comparison of signaled and unsignaled delay
of reinforcement. Journal ofthe Experimental Analysis ofBehavior,
35 , 145·152.

RICHARDS, R. W., .to HITTESDORF, W. M. (1976). Reinforcement de
lay: A parametric study of effects within a multiple schedule. Bulle
tin of the Psychonomic Society , 7, 303-305 .

ROBINSON, P. W.,.to SHELLEY, M. F. (1974) . The effects of total dark
ness on schedule control. Journal ofthe Experimental Analysis ofBe
havior, 22, 391-400.

ROITBLAT, H. L., BEVER, T . G., .to TERRACE, H. S. (Eds.) (1984) .
Animal cognition . Hillsdale, NJ: Erlbaum.

ScHAAL, D. W.,.to BRANCH, M. N. (1988) . Responding of pigeons un
der variable-interval schedules of unsignaled, briefly signaled , and
completely signaled delays to reinforcement. Journal ofthe experimen
tal Analysis of Behavior, SO, 33-54 .

ScHAAL, D. W.,.to BRANCH, M. N. (1990) . Responding of pigeons un
der variable-interval schedules of signaled-delayed reinforcement: Ef
fects of delay-signal duration. Journal ofthe Experimental Analysis
of Behavior , 53, 103-121.

ScHACHTMAN, T. R.,.to REED, P. (1990). The role of response-reinforcer
correlation in signaled reinforcement effects . Animal Learning &:Be
havior, 18, 51-58 .

SIZEMORE, O. J . ,.to LATTAL, K. A. (1978). Unsignalled delay of rein
forcement in variable-interval schedules. Journal of the experimen
tal Analysis of Behavior, 30, 169-175.

SPENCE, K. W. (1947). The role of secondary reinforcement in delayed
reward learning. Psychological Review , 54 , 1-8.

WILUAMS, B. A. (1976) . The effects ofunsignalled delayed reinforce
ment. Journal ofthe Experimental Analysis ofBehavior , 26, 441-449 .

(Manuscript received April 8, 1991.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




