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56% were left-brain oriented. Howevel~ when the SaIne methods were applied to 
180 student'i in various, sjJecialiud upper-level courses, the range ofleft brain stu
dents ranged from 38% to 65%. This difference indicated that something about 
a person's brain hemispheres was as..'mciated with spreading students out oyer a 
variety of college degrees and interests. Second, and more revealing. Morton em
ployed the same method in determining the hemispheric orientation of mem
bers of various professions in university settings. The findings indicated that 
hemispheric specialization appears to be predictive of professional choices. For 
example, among biochemists 1\'lorto11 found that 83% were left-brain oriented, 
while among astronomers only 29% showed a left-brain preference (p. 319). You 
can see how this would make sense in relation to Sperry and Gazzaniga's work. 
Biology and chemistry rely more hca,~ly on linguistic abilities, whereas as
tronomers must have greater abilities in spatial relationships (no pun intended). 

CONCLUSION 

Some have carried this, seperate-brain idea a step further and applied it to some 
psychological disorders, such as dissociative, multiple personality disorder (e.g., 
Schiffe.; 1996). The idea behind this notion is that in some people with intact, 
"nonsplit" brains, the right hemisphere may be able to function at a greater-than
nonnallevel of independence from the left, and it may even take control of a 
person's consciousness for periods of tin)e. Is it possible that multiple personality 
disord.er might be the expression of hidden persona1ities contained in our right 
hemispheres? It's something to think about ... with both of your hemispheres. 
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Reading 2: MORE EXPERIENCE = BIGGER BRAIN 
Rosenzweig, M. R., Bennett, E. L., & Diamond, M. C. (1972). Brain changes in 
response to experience. Scientific American, 226 (21. 22-29. 

If you were to enter the baby's room in a typical American middle-class home 
today, you would probably see a crib full of stuffed animals and various color
ful toys dangling directly over or within reach of the infant. SOlne of these toys 
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may light up. move, play lllusic, or do all three. ,,\That do you snppose is the 
parents' reasoning behind providing infants with so much to see and do? 
Aside from the fact that babies scelll to enjoy and respond positively to these 
toys, nlost parents' believe, whether they verbalize it or not, that children 
need a stinutlating envirOlunent for optimal intellectual development and 
brain growth. 

The question of whether certain experiences produce physical changes 
in the brain has been a topic of conjecture and research atllong philosophers 
and scientists for centuries. In 1785, Vincenzo l\'Iaiacarne, an Italian 
anatomist, studied pairs of dogs from the same litter and pairs of birds [1'0111 

the same batches of eggs. For each pah~ he would train one participant exten
sively over a long period of time while the other would be equally well cared 
for but untrained. He discovered later, in autopsies of the animals, that the 
brains of the trained animals appeared more complex, with a greater ntlluber 
of folds and fissures. Huwever, this line of research was, for unknown reasons, 
discontinued. In the late 19th century, attempts ·were made to relate the cir
cumference of the human head ·with the anl0unt oflearning a person had ex
perienced. Although some early findings clahned 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 scien tists 
the ability to lneasure brain changes 'with precision using high-Inagnification 
techniques and asseSSll1ent 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 atnbitious series of 16 experiments over a period of 
10 years to try to address the issue of the effect of experience on the brain. 
Their findings were reported in the article discussed in this chapter. For rea
sons that wi1l become obvious, they did not use humans in their studies, but 
rather, as in many classic psychological experhnents, their subjects ·were rats. 

THEORETICAL PROPOSITIONS 

Because psychologists are ultimately interested in humans, not rats, the valid
ity of using nonhuman subjects nUlst be demonstrated. In these studies, the 
authors explained that, for several reasons, using rodents rather than higher 
mammals such as primates was scientifically sound as ,yell as Ulore convenient. 
The part of the brain that is the lnaiu focus of this research is smooth in the 
rat, not folded and complex as it is in higher animals. Therefore, it can be ex
amined and Ineasured more easily. In addition, rats are small and inexpen
sive, which is an important consideration in the world of research laboratories 
(usually underfunded and lacking in space). Rats bear large litlel"S, and this al
lows for 11lembcrs fr0111 the SaIne litters to be assigned to different experimen
tal conditions. The authors point out that various strains of inbred rats have 
been produced, and this allows researchers to include the effects of genetics 
in their studies if desired. 
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Implicit in Rosenzweig's research ·was 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
stances. In each of the experiments reported in this article, 12 set') of 3 male 
rats, each set from the same litter, were studied. 

METHOD 

Three male rats were chosen from each Jitter. They were then randomly as
signed to one of three conditions. One rat remained in the laboratory cage 
·with the rest of the colony; another was assigned to what Rosenzweig ternled 
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 can tained several rats in an ade
quate space with food and 'vater ahvays available. 

2. The impoverished environment was a slightly smaller cage isolated in a sep
arate room in which the rat was placed alone vdth adequate food and ·water. 
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FIGURE 2-1 Rosenzweig's three cage environments. 



14 ChajJler I Biology and Human Behavior 

3. The enriched environment was virtually a rat's Disneyland (no offense 
intended to Micke),!). Six to eight rats lived in a "large cage furnished 
with a variet), of objects with which the)' could pIa),. A new set of pla)'
things, drawn out of a pool of 25 objects, was placed in the cage every 
day" (p. 22). 

The rats were allowed to live in these different environments for various 
periods of time, ranging from 4 to 10 '\veeks. Following this differential treat
ment period, the experimental rodents were exaulined to determine if any 
differences had developed in brain development. To be sure that no experi
menter bias would occur, the examinations were done in randOlll order by 
code number so that the person doing the autopsy would not know in which 
condition the rat was raised. 

The rats' brains were then measured, weighed, and analyzed to deter
mine the amount of cell growth and levels of neurotransmitter activity. In 
this latter measurement, one brain enzyme was ofparticlliar interest: acetylcho
linesterase. This chemical is important because it allows for faster and more 
efficient transmission of impulses aInong brain cells. 

Did RosenzV'leig and his associates find differences in the brains of rats 
raised in enriched versus impoverished environments? The following are their 
results. 

RESULTS 

Results indicated that the brains of the enriched rats were indeed different 
from those of the impoverished rats in many ways. The cerebral cortex (the part 
of the brain that responds to experience and is responsible for movement, 
lllenlory, learning, and sensory input: vision, hearing, touch, taste, smell) of 
the enriched rats was significantly heavier and thicker. Also, greater activity of 
the nervous system enzyme acetylcholinesterase, nlentioned previously, was 
found in the brain tissue of the rats with the enriched experience. 

Although no significant differences 'vere found between the two groups 
of rats in the number of brain cells (neurons), the enriched environment pro
duced larger neurons. Related to this was the finding that the ratio of RNA to 
DNA, the two 1110st important brain chemicals for cell growth, was greater for 
the enriched rats. This implied that a higher level of chemical activity had 
taken place in the enriched rats' brains. 

Rosenzweig and his colleagues stated that "although the brain differ
ences induced by enviromnent are not large, we are confident that they are 
genuine. vVhen the experiments are replicated, the same pattern of differ
ences is found repeatedly .... The most consistent effect of experience on 
the brain that we found was the ratio of the weight of the cortex to the weight 
of the rest of the brain: the sub-cortex. It appears that the cortex increases in 
weight quite readily in response to experience, whereas the rest of the brain 
changes little" (p. 25). This measurement of the ratio of the cortex to the rest 
of the brain was the 1110st accurate nleasurement of brain changes because the 
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FIGURE 2-2 Ratio of cortex to the rest of the brain: en

riched compared with impoverished environment. (Results 
in experiments 2 through 16 were statistically significant.) 
(Adapted from Rosenzweig, Bennett, & Diamond, p. 26.) 

overall weight of the brain lllay vary with the overall weight of each animal. By 
considering this ratio, such individual differences are canceled out. Figure 2-2 
illustrates this finding for all 16 studies. As you can see, in only one experi
ment was the difference not statistically significant. 

The researchers reported a finding relating to the t"m rat groups' brain 
s)'llapses (the points at which two neurons 111cet). :Most brain activity occurs at 
the synapse, 'where a nerve inlpulse is either passed from one neuron to the 
next so that it continues on, or it is inhibited and stopped. Under great mag
nification llsing the electron microscope, the researchers found that the 
synapses of the enriched rats' brains 'were 50% larger than those of the inl
poverished rats, potentially allowing for increased brain activity. 

DISCUSSION AND CRITICISMS 

Mter nearly 10 years of research, Rosenzweig, Bennett, and Diatllond 'vere 'will
ing to state v'lith confidence, ''There can now be no doubt that many aspects of 
brain anatOlllY a1::td brain chemistry are changed by experience" (p. 27). How
ever, they were also quick to acknowledge that, when they first reported their 
findings, many other scientists were skeptical because such effects had not been 
so clearly deillonstrated in past research. SonIC criticism contended that perhaps 
it was not the enriched environment that produced the brain changes but rather 
other differences in the treatment of the rats, such as lllcre handling or stress. 
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The criticism of differential handling was a valid one in that the en
riched rats were handled t" ... ice each day when they were removed fronl the 
cage as the toys were being changed, but the hnpoverished rats were not han
dled. It was possible, therefore, that the handling alone might have caused the 
results and not the enriched environment. To respond to this potentially con
founding 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 en
vironment). Rosenzweig and his associates found no differences in the brains 
of these two groups. In addition, 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 a1. cited other research that 
had exposed rats to a daily routine of stress (cage rotation or mild electric 
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 always an artificial environment. Rosenzweig and his colleagues were 
curious about how various levels of stimulation might affect the brain devel
opnlent of anhnals in their natural environments. They pointed out that labo
ratory rats and ll1ice often have been raised in artificial environments for as 
many as a hundred generations and bear little genetic resemblance to rats in 
the wild. To explore this intriguing possibility, they began studying wild deer 
mice. After the mice ,,,,,ere trapped, they 'were randomly placed in either nat
ural outdoor conditions or the enriched laboratory cages. After 4 weeks, the 
outdoor mice showed greater brain developInent than did those in the en
riched laboratory environment. "This indicates that even the enriched labora
tory environment is indeed impoverished in comparison with a natural 
environment" (p. 27). 

The Illost important criticism of any research involving animal subjects is 
the question of its application, if any, to humans. vVithout a doubt, this line of 
research could never be performed on humans, but it is nevertheless the re
sponsibility of the researchers to address this issue, and these scientists did so. 

The authors explained that it is difficult to generalize frOln the findings 
of one set of rats to another set of rats, and consequently it is much more dif
ficult to try to apply rat findings to monkeys or humans. And, although they 
report similar findings with several species of rodents, they admit that more 
research would be necessary before any assumptions could be made responsi
bly about the effects of experience on the hlunan brain. The}' proposed, how
ever, that the value of this kind of research on animals is that "it allows us to 
test concepts and techniques, some of which may latcr prove useful in re
search with human subjects" (p. 27). 

Several potential bcnefits of this research were suggested by the authors. 
One possible application pertained to the study of memory. Changes in the 
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brain due to experience might lead to a better understanding of how memo~ 
ries are stored in the brain. This could, in turn, lead to ne'i"" techniques for iln~ 
proving memory and preventing memory loss due to aging. Another area in 
which this research might prove helpful was in explaining the relationship be
tween malnutrition and intelligence. The concept proposed by the authors in 
this regard was that malnutrition may be a person's responsiveness to the stim
ulation available in the environment and consequently may limit brain devel
opment. The authors also noted that other studies suggested that the effects 
of malnutrition on brain growth may be either reduced by environmental en
richment 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 developlnelltal area that continues today. Over the 
decades since the publication of their article, these scientists and many others 
have continued to confirm, rcfine, and expand their findings. For example, 
research has dcmonstrated that learning itself is enhanccd by enriched envi
rOll1nental experiences and that even the brains of adult anitnals raised in iln
poverished conditions can be hnproved when placed in an enriched 
environment (see Bennett, 1976, for a complcte review), 

Some evidence exists to indicate that experience does indeed alter brain 
clevcloplnent 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 more complex and heavier. Other findings 
have C0111e fr0111 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 of a person with normal sight. 

:Marian Diamond, one of the authors of this original article, has applied 
the results of ,,·mrk in this area to the process of human intellectual develop
ment throughout life. She says, "For people's lives, I think we can take a more 
optimistic view of the aging brain .... The main factor is stiInulation. The 
nerve cells are designed for sthnulation. And I think curiosity is a key factor. If 
one maintains curiosity for a Hfetinle, that will surely stinndate neural tissue 
and the cortex may in turn respond .... I looked for people who were ex
tremely active after 88 years of age. I found that the people who usc their 
brains don't lose them. It was that simple" (in Hopson, 1984, p. 70). 

T,vo recent studies have elaborated on Rosenzweig, Diamond, and 
Bennett's notions of environmental influences on brain development in very 
diverse applications. Weiss and Bellinger (2006) expanded on the research by 
suggesting that studies of the effects of enviro1l1ncntal toxins on early brain 
developlnent in humans must encOlnpass not only the toxicity of the chemical 
but also should consider all the factors present within the individual's overall 
life context, including genetic tendcncies and enriched or impoverished 
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environments. The authors proposed that, in humans, the effects of exposure 
to toxic substances tends to be directly related to grmving up in an enriched 
versus an impoverished environnlcnt. In other words, when children are 
raised in povert)" not only is their developmental environment likely to be itl1-
poverished, but they may also be at a greater risk of exposure to neurotoxic 
chemicals. Moreover, the environnlcntal factors that are present can affect the 
outcome of the toxic exposure on brain development. '''Teiss and Bellinger as
serted that when researchers have studied environmental toxins, the tendency 
has been to focus on the toxic substance itself and to minimize the accompa
nying situational variables. As the authors stated: 

'Ve argue that the outcomes of exposure to neurotoxic chemicals early in life arc 
shaped by the nature of a child's social environment, including that prevailing 
before birth .... 'Ve contend that a true evaluation of toxic potential and its 
neurobehavioral consequences is inseparable from the ecologic setting [such as 
environmental richness] in which they act and which creates unique, enduring 
individual vulnerabilities." (p. 1497) 

Another article cites Rosenzweig's 1972 study in critiquing some recent at
telnpts to oversimplify enrichlllent strategies in attempts to enhance children's 
brain development Gones & Zigler, 2002). N, you can imagine, when the public 
learns about research such as Rosenzweig's, a popular movement may be born 
that sounds attractive but has little basis in scientific fact. One of these from the 
1990s, which you may have heard about, has become known as the ''1vIozart 
Effect." This fad began with some preliminary research showing that when chil
dren listen to ~10zart (but not other classical composers) they become better 
learners. This idea has grown to the point that entire vVeb sites are devoted to the 
benefits of the ''1vIozart Effect" for children and adults alike, involving claims that 
certain nlusic can enhance overall health, improve memory, treat attention 
deficit disordet; reduce depression, and speed healing from physical it1iuries. 

CONCLUSION 

Jones and Zigler (2002) maintain that such popular applications of the re
search are ineffective and even dangerous. They contend, "Brain research is 
being misappropriated to the service of misguided 'quick fix' solutions to 
nlore complicated, systemic issues" (p. 355). They further suggest that when 
scientific brain and learning research is applied carefully and correctly, it can 
make a "substantive contribution of high quality, intensive, nlltltidOlnain in
terventions to early cognitive and social development" (p. 355). 
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