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test-anxious college students to talk to themselves constructively
has been demonstrated (Meichenbaum, 1971, 1974, in press;
Wine, 1971). The theory of operant elements and the attendant
theory of response integration (Klinger, 1971) may help to
account for and extend these resuIts. Third, the view taken here
suggests an approach to the general study of self-regulation.
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NOTE
1. Ideally, the conditions would of course, have been

counterbalanced. However, the dat~ of Experiment 1 are a
portion of an unfinished counterbalanced design originally begun
for another purpose, a content analysis of segmental structure,
described elsewhere (Klinger, 1971). It became apparent much
later that the data could be used to test the"newly formulated
hypotheses concerning operant elements. Experiment 2 was
performed subsequently to inquire whether the earlier results
could be attributed to order. Since the effects were replicated in
essentials, examination of still other orders seemed highly
unlikely to discover anything further.
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RICHARD L. SPROTT* and JAMES P. SYMONS
Jackson Laboratory, Bar Harbor, Maine 04609

The procedures described in this report are standard operant procedures, which have been used
successfully to condition mice to barpress for a food reward on a variety of schedules of reinforcement.
The schedules of reinforcement include continuous reinforcement, nine fixed ratio values, and six fixed
interval values. Mice of five genotypes have been exposed to some or all of these schedules. Performance
was typical of that observed in other organisms, and satiation was not a problem in sessions lasting from
2 to 3% h. This experiment clearly demonstrated that barpress performance can be obtained with inbred
mice as readily as with other organisms.

Recent advances in behavior-genetic research using
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genetically controlled populations of mice have resulted
in a considerable increase in the sophistication of
behavior-genetic techniques. As a consequence, inbred
mice and their derivatives are being used with increased
frequency in other biological disciplines when behavioral
questions arise. Superior genetically controlled mice
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used in combination with powerful behavioral
techniques can provide highly useful analyatical tools.
Freund and Walker (1972) make this point well in a
recent paper describing the use of mice in an operant
conditioning situation and the possible applications of
this procedure to chemical toxicity tests .

While it is true that the use of inbred mice in operant
conditioning situations could contribute to research in
areas such as psychopharmacology (Freund & Walker,
1972), reproduction, nutrition (Sprott, 1972), and
physiology (Sidman, Ray, Sidman, & Klinger, 1966), the
technique has apparently not been used with any
frequency for two reasons. First, operant techniques
typically require instrumentation which appears
complicated. Second, there is widespread, but almost
undocumented belief among behavioral (and perhaps
other) scientists that laboratory mice cannot be
conditioned successfully in an operant situation. This
misconception appears to be supported by two facts:
(1) there are, to our knowledge, only seven studies
reported in the literature which use mice and operant
techniques. Of these studies, only four use a barpress
operant (Freund & Walker, 1972; Anliker & Mayer,
1956; Goodrick, 1967; Howard, 1973), which is the
standard operant response when rats are used as Ss. In
the other three reported studies, a licking operant was
employed (Sprott, 1972; Sidman, Ray, Sidman, &
Klinger, 1966; Sprott, Clark, & Wimer, 1970). (2) No
studies are available in the literature which report
successful use of standard deprivation procedures,
barpress operant, and laboratory mice in combination.
In fact, the Freund and Walker (1972) report suggests
that standard techniques must be modified considerably
in order to successfully employ mice as Ss.

Since we have been successfully using inbred, hybrid,
and mutant mice in a licking operant situation for over 4
years and in a standard barpress operant situation for
over 2 years with very little modification of standard
procedures, we are convinced that the belief in the lack
of suitability of mice as operant Ss is in fact groundless.
The purpose of this report is to describe our procedures
and results in order to demonstrate that mice are
suitable operant Ss, and therefore, that the powerful
combination of genetically defined S populations and
operant conditioning techniques is available for use for
many problems. Since some of our studies with the
licking operant have been described elsewhere (Sprott,
1972), we will confine this report to a description of our
barpress procedures and results.

MATERIALS AND METHODS

Subjects
Twelve mice of five genotypes have served as Ss for periods up

to 7 months each. The five genotypes include two inbred strain,
C57BL/61 and DBA/21; the F I hybrid between these two
strains, B6D2F I ; obese mutant mice on a C57BL/6J
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background, C57BL/6J ob/ob; and their normal littermates,
C57BL/61 +/? All mice were obtained from the Production
Department of the Jackson Laboratory at 6 weeks of age and
were introduced to the operant situation at 8 weeks of age. The
mice were housed individually in clear plastic cages in a research
colony room which was maintained at 72° ± 2°F with a 12 h on,
12 h off light cycle.

Apparatus
Two identical operant conditioning chambers were con

structed using 1/8-in. clear Plexiglas. The basic chamber dimen
sions were 3% x 3 x 4% in. deep. Each chamber was provided
with a grid floor of 3/32-in. stainless steel rods. A mouse lever
(Lehigh Valley Model No. 1535) was mounted on one wall of
the chamber IYz in. above the grid floor. A Plexiglas pellet tray
was mounted on the same wall to the left of the lever. Solid food
pellets (Noyes Formula M) were delivered to the tray by means
of a pellet dispenser (Gerbrands Model D-I) . For most of the
period covered by this report, 45-mg pellets were used. However,
we have recently converted to the use of 20-mg pellets.
Schedules of reinforcement were programmed using standard
relay circuitry . Responses and reinforcement were programmed
using standard relay circuitry. Responses and reinforcements
were recorded on cumulative recorders (Gerbrands-Harvard
Model C-3). Water was available ad lib during experimental
sessions. Both chambers were housed in a sound attenuated box
equipped with an exhaust fan to provide air circulation. The
chambers were a modification of the chamber built for licking
operant studies reported elsewhere (Sprott, Clark, & Wimer,
1970).

Procedure
Each mouse was weighed daily for 5 days prior to testing to

determine a mean ad lib weight. At the end of this 5-day period,
the mice were given 6 g of mouse food (Old Guilford-911R,
Emory Morse) to carry them over the next 3 days. This
procedure usually results in a reduction to approximately 80% of
ad lib weight. Adjustments in food available are then made to
achieve the 80% level. The mice are then maintained at this level
with the pellets obtained in experimental sessions plus a
supplement of 0 to I g of mouse food each day. Mice were
tested 5 days/week and given 6 g of food on Fridays. to carry
them over weekends.

We have so far successfully conditioned mice using 16
schedule of reinforcement values. These values include :
continuous reinforcement (CRF); fixed ratio (FR) schedules
with ratios of responses to reinforcements of 5, 10, 15, 25, 40,
60, 100, 120, and 200; fixed intervals (Fl) with the interval
values in seconds of 21, 45, 60, 90, 120, and 150. All FR
schedules used 45-mg pellet reinforcements, wiile FI schedules
have been used with both the 45-mg and the 20-mg pellets. At
least one mouse of each genotype has been exposed to a
schedule with a 20-mg reinforcement, and at least one mouse of
each genotype has been exposed to FR and FI schedules. The
range of schedules to which all genotypes have been exposed is:
FR 5 to FR 40, and FIlOO to FI150 with 2a-mg pellets.
Nonmutant mice have been exposed to all FI schedules, and
C57BL/61 mice have also been exposed to all FR schedules as
well. Test sessions lasted from 2.0 to 3.5 h depending upon the
schedule.

RESULTS

The standard Lehigh Valley lever was adjusted to
require a force of 10 g for depression. At this value, all
of our mice are able to depress the lever.

Figure 1 shows six selected cumulative recordings,
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four from FR schedules and two from FI schedules.
These records were selected because they are
representative of the performance observed with our
procedures. They are neither the best (highest rate of
response) nor the worst (low rate or unstable), bu t fairly
represent typical performance. Each record shows a
complete session lasting from 2 to 30. h. It should be
noted that satiation effects (low rate or long pauses) are
only observed late in these sessions and, then usually, on
FR schedules with a high-reinforcement density (FR 10
and FR 25). These performances are comparable to
those observed with other organisms (Ferster & Skinner,
1957) and are certainly adequate to serve as baselines for
behavioral tests requiring up to 2 h (e.g., time course of
drug action) .....

DISCUSSION
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Previous reports have suggested that mice could be
conditioned in a barpress operant situation, but the general
dearth of such studies plus a more recent report of
methodological difficulties (Freund & Walker, 1972) have
supported the general belief that mouse operant conditioning is
extremely difficult. . Since there is also a general conviction that

:the use of genetically controlled mice in operant situations could
constitu te a powerful analytical tool, the fact that typ ical
barpress operant results can be obtained with mouse Ss, using
standard techniques should be of considerable interest. We
cannot account for the difficulties reported by Freund and
Walker but can guess at possible problems. Our chamber is much
smaller than theirs and keeps the S in closer proximity to the bar
and reduces the amount of "irrelevant" activity observed. Also,
the lever must be adjusted so that no more than 10 g of force are
required for depression. It is also possible that the height of the
lever is critical, although this seems unlikely . Finally, we have no
way of accounting for the satiation problems in Freund and
Walker report since we have not observed them with either 45
or 20-mg pellets . In conclusion, it seems to us that
mouse-operant conditioning is no more difficult than that with
any other organism, and that the procedure can be used in any
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Fig. 1. Representative cumulative records of the performance
of laboratory mice barpressing for a food reward. The FR 10,
FR 40, and FR 100 records were produced by CS7BL/6J mice.
The FR 25 record was produced by an obese mutant (ob/ob)
mouse. The FI 60 record was produced by a DBA/2J mouse, and
the FI 150 record was produced by a C57BL/6J x DBA/2JF I

hybrid mouse. The scale in the upper-left corner shows the
distance of pen travel for 100 responses (upward) and with time
(left to right). The marks produced by a momentary downward
displacement of the pen mark the occurrence of reinforcement.

Anliker, J., & Mayer, J. An operant conditioning technique for
studying feeding-fasting patterns in normal and obese mice.
Journal of Applied Physiology, 1956, 8, 667-670.

Ferster, C. B.. & Skinner, B. F. Schedules of reinforcement. New
York: Appleton-Century-Crofts, 1957.

Freund, G ., & Walker, D. W. Operant conditioning in mice. Life
Sciences, 1972, 11, 905-914.

Goodrick, C. L. Behavioral characteristics of young and
senescent inbred female mice of the C57BL/6J strain. Journal
of Gerontology, 1967,22,459-464.

Howard, E. Increased activity and impaired adaptability in
operant behavior of adult mice given corticosterone in
infancy. Journal of Comparative & Physiological Psychology,
1973,85, 211-220.

Sidman, M., Ray, B. A., Sidman, R. L ., & Klinger. J . M.
Neurological mutant mice : A method for the preliminary
evaluation of hearing and vision. Experimental Neurology.
1966,16,377-402.

Sprott, R. L. Long-term studies of feeding behavior of obese,
diabetic, and viable yellow mutant mice under ad lib operant
conditions. Psychological Reports, 1972, 30, 991-1003.

Sprott, R. L .. Clark, F . W., & Wimer, R . E. A conditioning
chamber for the laboratory mouse. Journal of the
Experimental Analysis of Behavior, 1970.14,341-343.

(Received for publication April 11, 1974.)



<<
  /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




