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2. MORE EXPERIENCE = BIGGER BRAIN
o R Bennett, E. L. & Diamond, M. C. (1972). Brain changes i
,|;111¢p Scientific American, 22612), 22-29.
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The question of whether certain experiences produce ph_\'su':.ll changes
in the brain has been a topic of (‘l]l[{t‘('[}]l'{‘ and research among philosophers
and scientists for centuries. In 1785, \ incenzo Malacarne, an Ttalian anage.
pairs of dogs from the same litter and pairs of birds from the
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mist, studicd
came batches of eggs. For each pair, he
over a long period of time while the other would be equally well cared for by
antrained. He discovered later, in autopsies of the animals, that the brains
of the trained animals appeared more complex, with a greater number of
folds and fissures. However, this line of research was, for unknown reasons,
discontinued. In the late 19th century, attempts were made to relate the
circumference of the human head with the amount of learning a person had
experienced. Although some -arly findings claimed such a relationship, later
research determined that this was not a valid measure of brain development.
By the 1960s, new technologies had been developed that gave scientists
the ability to measure brain changes with precision using high-magnification
techniques and assessment of levels of various brain enzymes and neurotrans
mitter chemicals. Mark Rosenzweig and his colleagues Edward Bennett and
Marian Diamond, at the University of California at Berkeley, incorporated
those technologies in an ambitious series of 16 experiments over a period of
10 years 1o urv 10 address the issue of the effect of experience on the brain.
Their findings were reported in the article discussed in this chapter. For rex
sons that will become obvious, they did not use humans in their studies. but
father, as in many classic psychological experiments, their subjects were rats.

THEORETICAL PROPOSITIONS
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(usually underfunded and lacking in space). R
allows for llllt-fl‘..nl)l:l's‘{r()ﬂl the same litters to be assigned to different experi-
mental conditions. The authors Point out that various strains of inbred rats

have !n‘.c‘n prnl-:luct.d., al.lfl this allows rescarchers 1o include the effects of
genetics in their studies if desired,

Implicit in Rosenzweig's research w

ats bear large litters, and this

t : , as the belief that animals raised in
highly stimulating environments will demonstrate differences in brain growth

and chemistry when compared with animals reared in plain or dull circum-

d in this article, 12 sets of 3 male

stances. In each of the experiments reporte
rats, each set from the same litter, were studied.,

METHOD

Three male rats were chosen from cach litter. They were then randomly
assigned to one of three conditions. One rat remained in the laboratory cage
with the rest of the colony, another was assigned to what Rosenzweig termed
the “enriched” environment cage, and the third was assigned to the “impover-
ished” cage. Remember, 12 rats were placed in each of these conditions for
each of the 16 experiments.

The three different environments (Figure 2-1) were described as follows:

1. The standard laboratory colony cage contained several rats in an
adcqu:llc space with food and water always available.
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FIGURE 2-1 Rosenzweig’s three cage environments.
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every day” (p 22).

The pats were allowed 1o hive in these different environments for various
'",”“"ﬂ of time, vanging from At 10 weeks. Following this differential treat-
ment period, the experimental rodents vere examined to determine jf any |
ditterences had developed in brain development, To be sure that ne exXperi-
menter b would oconr, the exaamnations were done in random order by,
codde nmber so that the person doing the autopsy would not know in h‘hi(ﬁ
comdition the pat was raased,

The s’ heains were then measured, weighed, and analyzed to deter-
e the smonnt of cell growth and levels of nearotransmitter activity. In this
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cllicient tansission of impalses sanony brain cells,
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RESULTS

Resubts indicated that the brains of the enriched rats were indeed different
o those of the inpoverished rats in many ways, The cerebral cortex (the
pravt ol the hwin that sesponeds 1o cxperience and is responsible for move-
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FIGURE 2-2 Ratio of cortex to the rest of the brain: enriched
compared with impoverished environment. (Results in exper-
iments 2 through 16 were statistically significant.) (Adapted
from Rosenzweig, Bennett, & Diamond, p. 26.)

the rest of the brain: the sub-cortex. It appears that the cortex increases in
weight quite readily in response (o experience, whereas the vest of the brain
changes litde™ (p. 25). This measurement of the ratio of the cortex to the rest
of the brain was the most accurate measurement of brain changes because the
overall weight of the brain may vary with the overall weight of cach animal. By
considering this ratio, such individual differences are canceled out, Figure 2-2
illustrates this finding for all 16 studies. As you can sec, in only one experi-
ment was the difference not statistically significant.

The rescarchers reported a finding relating to the two rat %.:l:nup.%' brain
synapses (the points at which two neurons meet). Mns.l brain activity occurs at
the synapse, where a nerve impulse is either passed from one nearon to the
next so that it continues on, or it is inhibited and stopped. Under great mag-
nification using the clectron Microscope. the Ivst'm't‘lwl'ﬂ found 1|l'-1t_ the
synapses of the enriched rats’ brains were H0% 1'-“'}!“': ”“"E fl‘*"‘" of the
impoverished rats, pulvllliﬂ“}' allowing for increased brain activity.

DISCUSSION AND CRITICISMS

After nearly 10 vears of research,
willing to state with confidence,
aspects of brain anatomy and brain che
(p. 27). However, they were also quick 1o :!E'
reported their ﬁndiné-‘,s. many other scientists were

Rosenzweig, Bennetl, and Diamond were
“There can now be no doubt that many
mistry are changed by experience”
knowledge that, when they first
skeptical because such
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effects had not been so clearly demonstrated in past research. Some criticism
contended that perhaps it was not the enriched environment that produced
the brain changes but rather other differences in the treatment of the rag
such as mere handling or stress. *

Thccﬁ:niqnlﬂkﬁﬂbrcnﬂalhundhngtﬁmgluﬂhinneinthattheenﬁchtd
rats were handled twice cach dav when thev were removed from the cage as
the tovs were being changed. but the impoverished rats were not handled. It
was possible, therefore, that the handling alone might have caused the resulys
and not the enriched environment. To respond to this potentally confound-
ing factor. the researchers handled one group of rats every day and did not
handle another group of their litter mates (all were raised in the same envi-
ronment). Rosenzweig and his associates found no differences in the brains
of these two groups. In addinon. in their later studies, both the enriched and
impoverished rats were handled equally and, still, the same pattern of results
was found.

As for the criticisms relating to stress, the argument was that the isola-
tion experienced by the impoverished rats was stressful, and this was the rea-
son for their less-developed brains. Rosenzweig et al. cited other research that
had exposed rats to a daily routine of stress (cage rotation or mild electnic
shock) and had found no evidence of changes in brain development due to
stress alone.

One of the problems of any research carried out in a laboratory is that it
is nearly alwavs an artificial environment. Rosenzweig and his colleagues were
curious about how various levels of stimulation might affect the brain develop-
ment of animals in their natural environments. They pointed out that labor
torv rats and mice often have been raised in artificial environments for as
many as a hundred generations and bear litde genetic resemblance to rats
in the wild. To explore this intriguing possibility, they began studying wild
deer mice. After the mice were trapped, thev were randomly placrd in either
natural outdoor conditions or the enriched laboratory cages. After 4 weeks.
the outdoor mice showed greater brain development than did those in the
enriched laboratory environment: “This indicates that even the enriched
hhnnunnwnninnnnvnthindemlhnpnwwﬁhcdincnnqxwhuntﬁﬂlanﬂﬂ
emvironment” (p. 27).

The most important criticism of any research involving an
Ethcqurﬂhnlnfhsuppﬁrnﬁnn.Nnnytnqunnn&\?hhnulndnuhnlhh
rescarch could never be performed on humans, but it is nevertheless the
responsibility of the researchers to address this issue, and these scientists di{’ 50-

ThanHHanxPMhuwlumlhixduﬁcuhtngcncnﬂhcfhnnlhfﬁﬂm“?
ufnncsclnfnuﬁ1u;uunhcrsctu[rau,and:xnucqucnﬂyith:nUChrnnnf j
ficult to try to apply rat findings to monkeys or humans. And, although the?
report similar findings with several species of rodents, thev admit that more
research would be necessary before any assumptions could be made rt‘SPﬂﬂﬂ_.

bly about the effects of experience on the human brain. Theyv prupm{'d- how
ever, that the value of this kind of research on animals is that it allows W8 v
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test concepts and techniques, some of which may later prove useful in research
with human subjects™ (p. 27). , : Searc

h““:“‘l P““-'”_Im] benefits of this research were suggested by the authors.
One possible “}’Iﬂ'f"“i““ pertained to the study of memory. (II'I:mg{'s in the
brain due to experience might lead to a beuer llltltlt'r'.‘ililll(“;lj,’ of how memo-
ries are stored in the brain, This could, in turn, lead to new techniques for
improving memory and preventing memory loss due to aging. Another area
in which this research might prove helpful was in explaining the relationship
between malnutrition and intelligence. The concept proposed by the authors
in this regard was that malnutrition may be a person’s l't'ﬂl)t}:].‘i‘l;'t‘lll'ﬁi‘i to the
stimulation available in the environment and consequently may limit brain
development. The authors also noted that other studies S{IHH{'%I(rd that the
effects of malnutrition on brain growth may be either reduced by environ-
mental enrichment or increased by deprivation.

RELATED RESEARCH AND RECENT APPLICATIONS

This work by Rosenzweig, Bennett, and Diamond has served as a catalyst for
continued research in this developmental area that continues today. Over the
decades since the publication of their article, these scientists and many others
have continued to confirm, refine, and expand their findings. For example,
research has demonstrated that learning itself is enhanced by enriched envi-
ronmental experiences and that even the brains of adult animals raised in
impoverished conditions can be improved when placed in an enriched envi-
ronment (see Bennett, 1976, for a complete review).

Some evidence exists to indicate that experience does indeed alter brain
development in humans. Through careful autopsies of humans who have died
naturally, it appears that as a person develops a greater number of skills and
abilities, the brain actually becomes morce complex and heavier. Other find-
ings have come from examinations during autopsies of the brains of people
who were unable to have certain experiences. For example, in a blind person’s
brain, the portion of the cortex used for vision is significantly less developed,

less convoluted, and thinner than in the brain ol a person with normal sight.
of the authors of this original article, has applied

Marian Diamond, one
rocess of human intellectual develop-

the results of work in this area to the p
ment throughout life. She says, “For people’s lives, | Fllitik we can mk?‘ a more
optimistic view of the aging brain . . .. The main i:u:tm‘. m.slu.nul;ttmn-. The
nerve cells are designed for stimulation. And I think curiosity is a key En.cmr.
If one maintains curiosity for a lifeume, that will surely stimulate neural tissue
and the cortex mav in i respond . . . . I looked for people who were
extremely active after 88 years of age. 1 found that the people who use their
brains don't lose them. It was that simple” (in Hopson, 1984, p. 70).

Two recent studies have claborated on Rosenzweig, Diamond, and
Bennett's notions of environmental influences on brain development in very
diverse applications. Weiss and Bellinger (2006) expanded on the rescarch by
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suggesting that studies ol the effects of environmental toxins on early brajp
development in humans must encompass not only the toxicity of the ':};t‘mica]
but also should consider all the factors present within the individual's overal]
life context, including genetic tendencies and enriched or impoverished eny;.
ronments. The authors proposed that, in humans, the effects of exposure 1
toxic substances tend 1o be directly related to growing up in an enriched ver.
sus an impoverished cnvironment. In other words, when children are raised
in poverty, not only is their developmental environment likely to be impover-
ished, but they may also be at a greater risk of exposure to neurotoxic
chemicals. Moreover, the environmental factors that are present can affect the
outcome of the toxic exposure on brain development. Weiss and Bellinger
asserted that when researchers have studied environmental toxins, the ten-
dency has been to focus on the toxic substance itself and to minimize the
accompanying situational variables. As the authors stated,

We argue that the outcomes of exposure to neurotoxic chemicals early in life are
shaped by the nature of a child’s social enviconment, including that prevailing
before birth . . . . We contend that a true evaluation of toxic potential and its
neurobehavioral consequences is inseparable from the ecologic setting [such as
cnvironmental richness|] in which they act and which creates unique, endunng
individual vulnerabilities. (p. 1497)

Another article cites Rosenzweig’s 1972 study in critiquing some recent
attempts to oversimplify enrichiment strategies in attempts to enhance children’s
brain development ( Jones & Zigler, 2002), As you can imagine, when the pl.lblic
learns about research such as Rosenzweig's, a popular movement may be born
that sounds atractive but has little basis in scientific fact. One of these from the
1990s, which you may have heard about, has become known as the “.\Imﬂrl
Effect.” This fad began with some preliminary research showing that when chil-
dren listen to Mozart (but not other classical composers) they become hetter
learners. This idea has grown 1o the point that entire Web sites are devoted 10
the benefits of the “Mozart Effect” for children and adults alike, involving cl:tEI'BS
that certain music can enhance overall health, improve memory, treat attention
deficit disorder, reduce depression, and speed healing from physical injuries.

CONCLUSION

J(Jllt‘.‘i and Ziglcr {2(1‘“2] maintain that such pﬁpll]ilr nppli{‘.ﬂ[inns of
research are ineflective and even dangerous, They contend, “Brain TESt:‘ﬂTCh by
being misappropriated to the service of misguided ‘quick fix’ solutions t{:
more complicated, systemic issues™ (p. 355). They further suggest that :ﬂ'h”n
scientific brain and learning research is applied carefully and correctly, 11 w:ﬂ
!naku a "substantive contribution of high quality, intensive, multidom®!
Interventions to carly cognitive and social development” (p. 355).
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