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Epstein has suggested that normal brain development is characterized by spurts and 
plateaus. In mice, these spurts seem to appear at 0-6,8-12 or 13, and 17-23 days, and plateaus 
appear at 6-8,12-17, and after 23 days of age. Results have demonstrated enhanced learning in 
a spurt (11 and 19 days of age) and a decrement in learning at a plateau (15 days of age), using 
an active avoidance task to measure learning in Fuller BWS high and low brain-weight lines. 
We tested Fuller BWS high- and low-line mice in a passive avoidance task at 11, 15, and 19 days 
of age. Mice were also tested at 12 days of age, since a recent study found that 12-day-old mice 
are in a plateau rather than a spurt, as previously reported. As high activity levels may conflict 
with the response made, activity levels were also measured on the day of testing. The results 
revealed an age effect and an Age by Line interaction, but no line effect: Mice at 11 and 19 days 
of age (spurts) differed significantly from mice 15 and 12 days of age (plateaus). Activity was 
not found to be a confounding measure. 

Recent work has shown that brain size can be 
influenced by variables such as nutrition, environment, 
maternal behavior, and genes (Hahn, Jensen, & Dudek, 
1979). It also appears that brain size is related to 
behavior, as species with larger average brain size in 
relation to average body size show greater ability to 
process and utilize information. 

Epstein (1979) has shown a stagewise growth in 
average brain weight, and he correlates these brain­
growth stages with mind-growth stages, or Piaget's stages 
of intellectual development. He suggests that the normal 
course of human brain development is not a linear 
process but, rather, is characterized by specific stages 
of rapid and slow growth, or spurts and plateaus, 
respectively. 

A study by Gottlieb, Keydar, and Epstein (1977) 
on mouse and rat brain growth from birth to weaning 
shows rapid growth (spurts) at 0-6, 8-12 or 13, and 
17-23 days, and slow growth (plateaus) at 6-8,12-17, 
and after 23 days of age. 

Epstein's (1979) work predicts a decrement in learn­
ing ability at a plateau and increased learning in a spurt. 
This hypothesis was tested, with mice, by DeLuca, 
Bischoff, Kelman, Lavooy, Phillips, Posch, Wolf, and 
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Hahn (Note 1), in a shock-escape T-maze. They found 
that learning occurred in aU groups tested, that age 
affects learning, and that age affects learning differen­
tially during the brain-growth stages. Mice at age 11 days 
and mice at age 15 days did not differ in performance. 
However, mice at age 19 days were superior in perfor­
mance to both 11- and 15-day-olds. These results have 
been interpreted as a demonstration of enhanced learn­
ing at a period of increased brain growth, or spurt, and a 
decrement in learning at a plateau. The same age effects 
occurred in both the high brain-weight and low brain­
weight lines. 

Recent work has also shown that mice are capable of 
learning a passive avoidance response when they are as 
young as 7 days of age (Ray & Nagy, 1978). The passive 
avoidance situation is markedly different, however, from 
the shock-avoidance situation. In an active avoidance 
situation, the shock is not turned off until the animal 
has made the correct response. In passive avoidance, on 
the other hand, the subject is required to refrain from 
making some designated response; it avoids shock by 
not doing something. The passive avoidance situation 
requires that the animal remain on the disk; that is, 
the animal must withhold or inhibit a response. As high 
activity levels may conflict with the number of responses 
made, results obtained with a shock avoidance maze may 
not be entirely indicative of the general ability of an 
animal to learn the maze. Riccio and Schulenberg 

0090-5054/81/030153-03$00.55/0 



154 LAVOOY, LA VOOY, HAHN, AND SIMMEL 

(1969) have suggested that 15-day-01d mice are poor 
learners because they are too active at this age. At any 
rate, the use of more than one learning task may serve 
to strengthen the demonstrated relationship between 
learning ability and brain-growth spurts and plateaus. 

A recent study by Hahn, Walters, and DeLuca 
(Note 2) found that 12-day-old animals are in a 
plateau rather than a spurt, as previously reported by 
Gottlieb et al. (1977). We tested mice in a passive 
avoidance situation at 11, 15, and 19 days of age, since 
11- and 19-day-old animals are in established spurts 
and 15-day-old animals are in an established plateau. 
Mice were tested at 12 days of age to attempt to deter­
mine whether the performance of these mice would 
show any relationship to previously suggested spurts 
and plateaus. Activity levels were also measured, prior 
to passive avoidance testing, for all mice. 

METHOD 

SUbjects 
Forty-eight litters (315 mice) of the Fuller Brain Weight 

Selection (BWS) high and low brain-weight lines were used 
in this study. The Fuller lines were genetically selected for 
differential brain size; they include a high line (H), a low line 
(L), and a medium line (M) (Fuller & Herman, 1974). The H and 
L lines were chosen for this experiment because they exhibit 
differential rates of neural and behavioral development (Fuller 
& Herman, 1974; Hahn, 1979). 

All of the mice were bred and housed in the William Paterson 
College Animal Behavior Laboratory. Breeding pairs were 
formed from Generation 27, and the subjects were from Gener­
ation 28. All breeding pairs and their litters were maintained in 
Lab Products Polycarbonate cages with Stayz-Dri bedding and 
one cotton Nestlet for nest building. Charles River Mouse Chow 
and water were available ad lib through a stainless steel cage top, 
and all cages were cleaned weekly. The temperature of the 
room was maintained at approximately 21°C on a standard 
12 h light/12 h dark cycle. Cages were checked daily between 
11: 00 a.m. and 1 : 00 p.m., and all litters were culled to eight 
pups. Litters with fewer than four pups were not used. All 
subjects remained in their home cages with their littermates and 
both parents until testing began. 

Apparatus 
The test apparatus consisted of a small elevated platform on 

a grid, similar to the apparatus used by Ray and Nagy (1978). 
The platforms were constructed of 3-mm clear Plexiglas, which 
measured 40 cm around, 50 cm around, and 55 cm around, for 
11- and 12-day-old mice, 15-day-old mice, and 19-day-old 
mice, respectively. The platform sat 6 mm off of a parallel grid 
consisting of 2-mm steel rods and was surrounded by a Plexiglas 
case measuring 25 x 15 mm. The steel rods were held in place 
by Plexiglas end pieces, and each bar was wired separately to a 
scrambler shock source that delivered .22 rnA of current. 

Procedure 
Activity. To measure activity, the pups were placed in an 

open-field apparatus, one at a time, for 60 sec, and the number 
of squares entered with all four paws was recorded. Following 
this test, the mouse was given an identification mark, with black 
magic marker, on one, two, or three paws and was placed in a 
holding cage. When all pups in the litter had been tested for 
activity, they were returned to their home cages. Testing was 
completed between 9: 30 and 11: 00 a.m. on the day the litter 
was scheduled to be tested for passive avoidance. 

Learning. At the beginning of the learning procedure, a 
mouse was removed from its home cage and was placed in the 
apparatus, with all four paws on the platform. The clock was 
started and the mouse was required to stay on the elevated 
platform to avoid shock administered through the grid. A trial 
ended when the mouse either stepped off the platform with all 
four feet on the grid or remained on the platform for 120 sec. 
The mouse was then placed in a holding cage for 30 sec. Testing 
continued for each mouse until 15 trials were completed or until 
the mouse had remained on the platform for two consecutive 
l20-sec triais, providing that at least one step-off response had 
been made. Testing began at 11 : 00 a.m. each day. 

RESULTS 

The performance data were analyzed by a 2 by 4 
analysis of variance with line (H and L) and age (II, 
12, 15, and 19 days) as factors. The measures included 
activity, the number of trials to criterion, and the 
percent litter to criterion (see Table 1). The analysis of 
variance revealed an age effect, no line effect, and an 
Age by Line interaction. 

The activity measure revealed an Age by line inter­
action (p < .001). A one-way analysis of variance for 
Hand L lines indicated no significant differences among 
the means measured for activity for all ages [F(3,20) = 
2.58, and F(3,20)= 1.80, for N and Llines,respectively]. 
A Duncan multiple-range test showed that the H line 
ll-day-old mice differed significantly from 19-day-old 
mice, but no Significant difference existed between any 
of the other days, including 12 days compared with 
19,15 with 19,12 with 15, 11 with 12, and 11 with 15 . 
No significant differences existed among the 4 days 
tested for the L line. 

There was an age by line interaction (p < .00l) for 
the trials-to-criterion measure. A one-way analysis 
of variance indicated that the H line was significant 
[F(3,20) = 7.04, P < .005] and the L line was signif­
icant [F(3,20)= 15.96, p< .001]. A Duncan multip1e­
range test revealed that, for the H line, 11 differed from 
12 and 15 days, but not from 19 days, and none of the 
other days differed from each other. Nineteen was signif-

Age 

11 
12 
15 
19 

11 
12 
15 
19 

Table 1 
Means and Standard Errors of Performance Measures 

by Age (m Days) 

Activity 

Mean SE 

7.9 1.43 
11.4 1.39 
13.5 4.82 
19.0 2.53 

13.0 2.04 
12.4 2.37 
22.6 3.55 
20.4 6.12 

Trials to 
Criterion 

Mean SE 

High Line 
10.0 1.35 
14.4 .41 
14.6 .25 
12.8 .74 

Low Line 
13.3 .53 
13.0 .37 
14.3 .33 
10.0 .61 

Percent Litter to 
Criterion 

Mean SE 

58.9 13.35 
18.8 11.96 
6.3 4 .29 

44.4 12.45 

37.0 14.86 
36.1 7.51 
22.2 9.84 
80.0 11.43 



icantly different from 11, 12, and 15 days in the L line, 
but no other days were significantly different from each 
other. 

The percent litter to criterion measure indicat~d an 
Age by Line interaction (p < .025), and a one-way 
analysis of variance showed that the H line was signif­
icant [F(3,20) = 4.63, P < .025] and the L line was 
significant [F(3,20) = 4.98, P < .01] . A Duncan 
multiple-range test revealed that, for the H line, ll-day­
old animals were significantly different from both 12-
and 15-day-old animals, but not from 19-day-old animals, 
and 19-day-old animals were significantly different from 
15-day-old animals. The 19-day-old animals were signif­
icantly different from 11-, 12-, and 15-day-old animals 
in the L line, but no other days were Significantly 
different from each other. 

Activity was not found to correlate with either 
trials to criterion (r = .1229, H line; r = .0638, L line) or 
percent litter to criterion (r = .1789, H line; r = .0316, 
L'line ). 

Discussion 
Our results show that the Fuller BWS mice differ in their 

ability to learn a passive avoidance task. There was an age 
effect and an Age by Line interaction, but no line effect. Mice 
at 11 days (second spurt) and 19 days (third spurt) of age 
differed significantly from mice IS days of age (second plateau), 
as hypothesized by Gottlieb et al. (1979), and they differed 
from mice 12 days old as well, as hypothesized by Hahn et al. 
(Note 2). 

Riccio and Schulenberg (1969) suggested that 15-day-old 
mice do not learn as well as mice of other ages because their 
activity levels are too high, yet we found no evidence of higher 
activity levels at IS days of age, and DeLuca et al. (Note I) 
found that 19-day-old mice gave significantly more competing 
responses than mice of any other age, including 15-day-old 
animals. The activity levels in this study did not single out 
15-day-old mice as any more or less active than mice of any 
other age. 

As indicated by Ray and Nagy (1978) and Riccio and 
Schulenberg (1969), ll-day-old mice performed better than 
15-day-old mice, although Riccio and Schulenberg found that 
15-day-old mice never learned; this is not in agreement with the 
findings of this study, as some 15-day-old mice did learn. 

Although there was no line effect for any of the measures 
we used, the absence of such an effect is consistent with the 
work of Herman and Nagy (1977), Jensen (1979), and 
Deluca et al. (Note I), suggesting that brain size and learning are 
not consistently related in the Fuller BWS mice. 

These results are interpreted as a demonstration of enhanced 
leru:nin~ during a period of increased brain growth (a spurt) , 
which mcludes 11- and 19-day-old mice, and a decrement in 
learning during minimal brain growth (a plateau), which includes 
15-day-old mice. It would also appear from these data that 
12-day-old BWS mice are actually at a plateau, as suggested by 
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the data of Hahn et al. (Note 2), and are not in a spurt, as 
suggested by Gottlieb et al. (1977). 

We suggest that these findings support the hypothesis that 
11- and 19-day-old BWS mice are in a brain-growth spurt and 
that 12- and 15-day-old BWS mice are at a brain-growth plateau. 
It also appears that activity is not a confounding measure in the 
ability of these mice to learn a passive avoidance task. 

REFERENCE NOTES 

1. DeLuca, J., Bischoff, H., Kelman, S., Lavooy, M. J., 
Phillips, T., Posch, R., Wolf, P ., & Hahn, M. E. Effects of genes 
and handling on learning during brain growth spurts and plateaus. 
Paper presented at the meeting of the International Society for 
Developmental Psychobiology, Atlanta, Georgia, November 1979. 

2. Hahn, M. E., Walters, J. K., & DeLuca, J. Brain weight 
development in the Fuller BWS lines and the heterogeneous popu­
lation. Paper presented at the Symposium on Cognitive Develop­
ment in the Young: Implications for the Curriculum, Wayne, 
New Jersey, April 26, 1980. 

REFERENCES 

EpSTEIN, H. T. Correlated brain and intelligence development in 
humans. In M. E. Hahn, C. Jensen, & B. C. Dudek (Eds.), 
Development and evolution of brain size: Behavioral implica­
tions. New York: Academic Press, 1979. 

FULLER, J . L., & HERMAN, B. H. Effect of genotype and practice 
upon behavioral development in mice. Developmental Psycho­
biology, 1974,7,21-30. 

GOTTLIEB, A., KEYDAR, I., & EpSTEIN, H. T. Rodent brain 
growth spurts: An analytical review. Biology of the Neonate, 
1977,32,166-176. 

HAHN, M. E. Fuller BWS lines: Parental influences on brain size 
and development. In M. E. Hahn, C. Jensen, & B. C. Dudek 
~ds-.>, I!evelopment and evolution of brain size: Behavioral 
ImplicatIOns. New York: Academic Press, 1979. 

HAHN, M. E., JENSEN, C., & DUDEK, B. C. (Eds.). Development 
and evolution of brain size: Behavioral implications. New York: 
Academic Press, 1979. 

HERMAN, B. H., & NAGY, Z. M. Development of learning and 
memory in mice genetically selected for differences in brain 
weight. Developmental Psychobiology, 1977,10,65-75. 

JENSEN, C. Learning performance in mice genetically selected 
for brain weight: Problems of generality. In M. E. Hahn, 
C. Jensen, & B. C. Dudek (Eds.), Development and evolution 
of brain size: Behavioral implications. New York: Academic 
Press, 1979. 

RAY, D., & NAGY, Z. M. Emerging cholinergic mechanisms and 
the ontogeny of response inhibition in the mouse. Journal of 
Comparative and Physiological Psychology, 1978,92, 335-349. 

RICCIO, D. C., & ScHULENBERG, C. J. Age-related deficits in 
acquisition of a passive avoidance response. Canadian Journal 
of Psychology, 1969,23,429-437. 

(Received for publication February 26, 1981.) 



<<
  /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




