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Keypeck responding of a pigeon was maintained by a variable-interval (VI) 3-min schedule of
positive reinforcement and punished according to a VI 30-sec schedule of electric shock presenta-
tions. During the short-session conditions, sessions lasted approximately 1 h and the subject was
postfed immediately after the session. During the long-session condition, sessions lasted approx-
imately 3 h and the subject was postfed approximately 12 h after the session. The short-session
conditions consistently produced periods of low-rate responding, with a gradual increase in response
rates at the beginning of the sessions. The long-session condition attenuated this warmup period.
During the different conditions, the subject’s behavior produced different proportions of the sub-
ject’s total food intake. These results, therefore, may reflect the influence of economic context
on response strength and the resulting effectiveness of a particular set of punishment parameters.

The context in which schedules of reinforcement oper-
ate affects the schedule-controlled performance of sub-
jects (e.g., Herrnstein, 1970; Premack, 1965; Reynolds,
1961). One class of contextual variables has been de-
scribed as economic (Hursh, 1980). Economic variables
are those that affect the distribution and consumption of
reinforcers or the distribution of stimuli used as reinforcers
(usually food) throughout the entire day (both during and
after any experimental sessions) of the subject. For ex-
ample, ‘‘closed’’ and ‘‘open’’ economies refer to whether
or not the number of reinforcers the subject receives de-
pends entirely upon the subject’s behavior. In closed econ-
omies, the subject’s total food intake depends on the sub-
ject’s behavior. In open economies, the subject’s total food
intake is provided by or is supplemented from sources
not dependent upon the subject’s behavior. These sources
may be such events as postsession feeding or response-
independent food presentations. Hursh demonstrated that
the openness of the economy affects such basic relations
as that between response rate and reinforcement fre-
quency. This relation has usually been described as direct,
in that response rate increases as reinforcement frequency
increases (e.g., see Catania & Reynolds, 1968). Hursh
asserted that this relation holds only in an open economy.
If the economy is closed, there is an inverse relation in
which response rate increases as reinforcement frequency
decreases.

An economic analysis might also be extended to sched-
ules of punishment. If a closed economy strengthens re-
sponding, in that response rates do not decrease as rein-
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forcement frequency is decreased (as in a corresponding
open economy), the same punishment parameters may not
suppress the more strongly maintained responding in a
closed economy as they would the responding in an open
economy. Punishment schedules within the context of
closed economies, therefore, may produce less response
suppression than similar schedules in open economies.
One punishment situation that may be likely to show eco-
nomic effects is what Azrin and Holz (1966, pp. 398-399)
described as a ‘‘vacation-from-punishment’’ effect, in
which there is a higher degree of response suppression
at the beginning of a punishment session than later in the
session. This ‘‘warmup’’ period of the session appears
to be a time of transition in which the opposing processes
of reinforcement and punishment are reaching an equilib-
rium for the session. If warmups are periods of balanc-
ing of the two opposing processes, they may be sensitive
to and likely to show effects of any additional controlling
variables (such as economy) that may be added. There-
fore, if economic variables affect punishment, it seems
likely that such warmup effects may be sensitive to them.
That is, punishment warmups obtained in an open econ-
omy may be attenuated by closing the economy because
of the additional response strengthening.

In the present experiment, we examined the effect of
economic variables on punishment warmup. After punish-
ment warmup was obtained in the context of an open econ-
omy (the subject was postfed immediately), the economy
was made more closed by increasing the session length
(allowing more food to depend on the subject’s behavior)
and feeding any additional food approximately 12 h after
the session (temporally separating the free, extrasessional
food from the response-dependent food of the session).
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Table 1
Sequence of Conditions, Number of Sessions in Each Condition, Responses per Minute,
Session Duration, Number of Reinforcers, and Amount Postfed

Number of Responses Session Duration Number of Amount
Condition Sessions per Minute (min) Reinforcers  Postfed (g)
Short Session (4-sec reinforcers) 65 1.51 63.46 7.7 16
Long Session (4-sec reinforcers) 12 28.72 257.20 59.5 9
Long Session (8-sec reinforcers) 18 62.25 183.40 60.0 9
Short Session (8-sec reinforcers) 30 48.72 68.96 19.7 12

Note—Responses per minute, session duration, number of reinforcers, and amount postfed are averages based on the last

10 sessions of each condition.

METHOD

Subject

A White Carneau pigeon was maintained at approximately 80% of
its free-feeding weight. Its previous experimental history consisted of
exposure to several different schedules of positive reinforcement. Water
and grit were available continuously in its home cage.

Apparatus

An operant conditioning chamber was used, which enclosed a space
28 cm long X 33 cm wide X 38 cm high. A 2.5-cm-diam response key
was located in the center of the work panel, 25 cm from the floor of
the chamber. It was transilluminated by a green, 7-W 110-V ac bulb
throughout the sessions except during reinforcer presentations. A mini-
mum force of approximately 0.16 N was required to operate the key.
General illumination of the chamber during the sessions was provided
by an orange, 7-W 110-V ac bulb at all times except during reinforcer
presentations. Reinforcers consisted of either 4- or 8-sec access to mixed
grain in a standard food magazine, the opening to which was on the
work panel, 5 cm from the right wall and 10 cm from the floor. The
opening was illuminated by a white, 7-W 110-V ac bulb when the maga-
zine was operated. Punishers consisted of single 0.076-sec pulses of
60 Hz ac electric shock that were delivered through a 10 k{2 series resistor
to electrodes implanted around the subject’s pubis bones (Azrin, 1959).
Every 10 V was equivalent to approximately 1 mA. Supporting relay
circuitry and recording equipment were located in an adjacent room.

Procedure

The pigeon received preliminary keypeck training on a series of
variable-interval (VI) schedules of increasing duration over several ses-
sions. The terminal VI 3-min schedule was arranged such that at the
end of an interval averaging 3 min, determined by a constant-probability
distribution of 12 intervals (Fleshler & Hoffman, 1962), the availability
of food was held and the next response delivered the reinforcer. Once
responding was stable, shocks were presented conjointly according to
a VI 30-sec schedule with a S-sec unsignaled delay from the response
producing the shock to the shock. Responses during the delay interval
did not reset the interval. In a conjoint schedule, two or more indepen-
dent schedules are arranged simultaneously on the same operandum.
Therefore, for this experiment, pecks on a single key produced both
reinforcers and punishers on each of their respective schedules. If a single
keypeck was scheduled to deliver both a reinforcer and a punisher, only
the reinforcer was delivered. The VI 30-sec schedule consisted of 50
intervals that were also constructed from the constant-probability dis-
tribution of Fleshler and Hoffman. Shocks were presented initially at
10 V and were increased gradually to 65 V across several sessions.

Sessions were conducted daily and lasted approximately 1 h during
the short-session conditions, and approximately 3 h during the long-
session condition. The subject was postfed immediately after the ses-
sions during the short-session conditions and was postfed approximately
12 h after the session during the long-session condition. Water was avail-
able to the subject during the experimental sessions starting during the
long-session condition and continuing throughout the remainder of the
experiment. The reinforcer duration was also increased during the long-
session condition from 4 to 8 sec and remained at that duration throughout
the remainder of the experiment. The sequence of experimental condi-
tions is shown in Table 1. Conditions were changed when response rates

over the most recent six sessions appeared stable upon visual inspec-
tion and there was no monotonic trend in the rates.

Quantification of punishment warmup was accomplished by measur-
ing the appropriate segments of the cumulative response records to the
nearest Y%, of an inch. Of the 90 measurements calculated, interobserver
agreement was examined for 18 (20%). Of these 18 measurements, 11
were identical and the remaining 7 were different by no more than %,
of an inch (approximately 9 sec).

RESULTS

As shown in Table 1, the increase in reinforcer dura-
tion had no effect on the amount of food needed to be
postfed to the subject after the long sessions. This indi-
cates that the change in reinforcer duration had no effect
on the total food intake of the subject. This, in addition
to the general downward trend in punishment warmups
during long sessions with both 4- and 8-sec reinforcers,
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Figure 1. Average time (in min) until the 1st, 25th, and 200th
response of each type of session. Averages were calculated across
the last 10 sessions of each condition. All averages, therefore, were
based on 10 observations, except the 25th and 200th response of the
first short condition. Due to the lack of 25 or 200 total responses
in some cases, these averages were based upon five observations for
the 25th response and one observation for the 200th response. The
short-condition sessions lasted approximately 1 h and the subject
was postfed immediately. The long-condition sessions lasted approx-
imately 3 h and the subject was postfed approximately 12 h later.
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led us to combine the data from both of the long-session
conditions for analysis. Subsequently, all analyses involv-
ing the long-session condition were based on the data from
the relatively stable long sessions with 8-sec reinforcers.
All analyses are based on the last 10 sessions of each con-
dition.

Figure 1 shows the average amount of time until the
1st, 25th, and 200th response of the session for the short-
and long-session conditions. Due to the lack of 25 or 200
total responses in some sessions of the first short-session
condition, these averages were based on five observations
for the 25th response and one observation for the 200th
response. This resulted in the anomalous-appearing longer
average time for the 25th response than for the 200th
response during the first short-session condition. The
times for all three of the measured responses were longer
during the short sessions than during the long sessions,
however. These differences were large and consistent. The
smallest difference was between the time to the 200th
response from the long-session condition to the second
short-session condition. This effect was over a fourfold
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Figure 2. Representative camulative response records for each con-
dition. Short-session conditions are labeled “SHORT,” and the long-
session condition is labeled “LONG.” Records are arranged from
top to bottom in the order they occurred during the experiment.
The long-session condition record is of a single session that has been
broken into several segments. Deflections of the response pen indi-
cate reinforcer deliveries, and deflections of the event pen indicate
shock deliveries.

difference between the conditions. The effects were also
consistent in that they were reversible from the first to
the second short-session condition. The short-session ef-
fects were recoverable, although they did not reach as high
a level as they did in the first short-session condition.

Figure 2 shows representative cumulative response
records from the three conditions. These records show
the differences between the conditions in the session
warmups. The record from the first short-session condi-
tion shows very low response rates (less than one response
per minute) with no recovery over the entire duration of
the session. The record from the long-session condition
shows a brief period (approximately 4 min) of variable
response rates at the beginning of the session and rela-
tively constant high rates throughout the remainder of the
session. The record from the second short-session condi-
tion shows a period of relatively low and gradually in-
creasing response rates during approximately the first
20 min of the session and relatively high constant rates
throughout the remainder of the session.

Table 1 shows that the pigeon was postfed more dur-
ing the short-session conditions than during the long-
session condition. The subject was also postfed more dur-
ing the first short-session condition than during the sec-
ond short-session condition.

DISCUSSION

Punishment warmups, as shown by the cumulative response records
(Figure 2) and time to the 1st, 25th, and 200th responses of the session
(Figure 1), were longer during the short-session conditions than dur-
ing the long-session condition. These differences were large and con-
sistent. These warmup differences were due to session length, with the
particular controlling variables possibly being differences in the num-
ber of reinforcers during the sessions, the amount of food postfed to
the subject, when the subject was postfed, or a combination of these
variables. All three of these particular session-length variables are eco-
nomic in nature. The number of reinforcers delivered during the ses-
sion and the amount of food postfed obviously affect session economy.
As the number of reinforcers delivered increased and the amount of food
postfed decreased, the economy became more closed. That is, more of
the subject’s total food intake became dependent upon the subject’s own
behavior. The economic impact of changing the postfeeding time is more
speculative. When the postfeeding time occurred 12 h after the session,
it may have become functionally part of another day and less potent
in its effect on responding occurring in what was functionally another
day. In fact, the subject was postfed the morning after the nightly ex-
perimental session. This temporal separation may have made the post-
feeding less effective in opening the economy of the long sessions than
the immediate postfeeding after the short sessions.

The effect of all of these aspects of session length on punishment
warmup argues for a role for economic variables in the analysis of punish-
ment. Closed economies may increase response strength and reduce the
effectiveness of punishment at a constant set of punishment parameters.
These results, therefore, extend the generality of economic processes
and analyses from reinforcement to punishment.

REFERENCES

AZRIN, N. H. (1959). A technique for delivering shock to pigeons. Jour-
nal of the Experimental Analysis of Behavior, 2, 161-163.

AzriN, N. H., & HoLz, W. C. (1966). Punishment. In W. K. Honig
(Ed.), Operant behavior: Areas of research and application (pp. 380-
447). New York: Appleton-Century-Crofts.

CATANIA, A. C., & REYNOLDS, G. S. (1968). A quantitative analysis



318 ARBUCKLE AND LATTAL

of the responding maintained by interval schedules of reinforcement.
Journal of the Experimental Analysis of Behavior, 11, 327-383.

FLESHLER, M., & HoFFMAN, H. S. (1962). A progression for generat-
ing variable-interval schedules. Journal of the Experimental Analysis
of Behavior, 5, 529-530.

HERRNSTEIN, R. J. (1970). On the law of effect. Journal of the Ex-
perimental Analysis of Behavior, 13, 243-266.

HursH, S. R. (1980). Economic concepts for the analysis of behavior.
Journal of the Experimental Analysis of Behavior, 34, 219-238.

PREMACK, D. (1965). Reinforcement theory. In D. Levine (Ed.),
Nebraska symposium on motivation (pp. 123-180). Lincoln: Univer-
sity of Nebraska Press.

REYNOLDS, G. S. (1961). Behavioral contrast. Journal of the Experimen-
tal Analysis of Behavior, 4, 57-71.

(Manuscript received December 8, 1989.)




<<
  /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




