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TEXT SEBASTIAN KIRSCHNER

Our brain is a work in progress. From childhood to old age, it is continually modifying its structure 

and connectivity to support behavioral flexibility and plasticity (modifiability). Ulman Lindenberger 

from the Max Planck Institute for Human Development in Berlin is examining how the brain is 

rebuilt in the course of development. The brains of children are generally more plastic than those 

of adults, but recent findings show that structural plasticity isn’t entirely lost in adulthood.  

The Anatomy  
of Learning 

 D  
addy – likes – llamas.” Care-
fully and fully concentrat-
ed, Leo draws his pencil 
across the pages of his exer-
cise book, forms letters out 

of lines, words out of letters. Leo is sev-
en and in the first grade. “I’m good at 
writing. I know all the letters.” Leo’s 
nine-year-old sister, Sophie, comes in 
and tells us proudly: “I can already 
write in cursive.” She thinks for a mo-
ment, then her hand travels across the 
paper, slowly and somewhat jerkily. We 
sit together, practicing writing.

For grown-ups, writing comes as 
naturally as simple arithmetic, swim-
ming or riding a bike. However, we of-
ten forget that we had to acquire these 
skills as children; that it took us a while 
to learn the multiplication tables, and 
for sequences of movements to become 
automatic. As recently as ten or twenty 
years ago, psychologists believed that 
our brain’s ability to learn and to adapt 

– its plasticity – was restricted to child-
hood and adolescence, and perhaps 
early adulthood. You can’t teach an old 
dog new tricks, as the old adage goes.

“A child’s brain is, of course, gener-
ally more plastic and expectant of new 
experiences than that of an adult,” says 
Ulman Lindenberger, a developmental 
psychologist and Director at the Max 
Planck Institute for Human Develop-
ment in Berlin. “But we were able to 
show that our brain retains its capacity 
for plastic change into old age, at least 
in certain ways.”

THE BRAIN ADAPTS 

So what does plastic change actually 
mean? “In this context, plasticity means 
structural changes in the brain, accom-
panied by corresponding changes in be-
havior. In our view, plasticity requires 
that the demands placed on the brain 
deviate over a lengthy period from the 

performance level of the brain,” ex-
plains Lindenberger. Like an apple tree 
in a garden, growing slowly but steadi-
ly with the light, our brain adapts to the 
requirements of our environment 
throughout our entire life. New branch-
es sprout the most where the most sun-
shine falls. And just as an individual 
branch can die if it is only in the shade, 
brain structures, too, can wither if cer-
tain skills go unused over a long period 
of time. “Plastic change can involve 
both building up and cutting back,” 
says Lindenberger.

He and his former colleagues, Flori-
an Schmiedek and Martin Lövdén, 
wanted to find an effective way to train 
intellectual skills in adults. They there-
fore conducted a study called COGITO 
that involved bringing over 200 young-
er and older adults into the lab on 
more than 100 separate days. Study 
participants were asked to solve various 
brain teasers on the computer: working 

If right-handed people wish to write with their left hand, their brains have to be retrained. 
A magnetic resonance scanner renders the changes visible.
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as fast as possible to compare groups of 
numbers, remembering various lists of 
words, and memorizing the positions 
of pictures to recall them later. 

NEW WAYS OF USING 
ACQUIRED SKILLS

The tasks required the use of a broad 
spectrum of mental skills, including 
working memory, perceptual speed and 
memory. The scientists had document-
ed the study participants’ performance 
level in advance. They were thus able 
to set the difficulty level of the tasks in-
dividually and make the mental mara-
thon equally demanding for all partic-
ipants. After the six-month training 
phase, the psychologists measured the 
performance level of each person again.

“What makes the COGITO study 
special is that we measured a wide 
range of cognitive abilities. We were 
able to see whether broad cognitive 
abilities can be improved, and not just 
the various skills that were being prac-
ticed in the course of the 100 days,” 
says Lindenberger. Prior to that, there 
had been hardly any scientific evidence 
on whether the acquired skills general-
ize to the level of cognitive abilities, as 
ads for brain training products often 
claim. For instance, when you get bet-
ter at memorizing words, would that 
lead to more general improvements in 
memory that transfer to other materi-
als, such as remembering numbers?

The findings of the Berlin-based 
Max Planck scientists were clear: the 
training effect wasn’t limited to the 
practiced tasks. Working memory, epi-
sodic memory and reasoning were also 
improved generally – at least among 
the younger study participants. For the 
older group, the intensive training 
boosted primarily working memory. All 
of these general effects were modest in 
size, but statistically reliable.

Where exactly in the brain the 
plastic changes occurred was exam-
ined using a special magnetic reso-
nance imaging (MRI) technique called 
diffusion tensor imaging (DTI): the 
MRI scans were used to calculate the 

Top: Maps are good for spatial orientation: The SPACE study found that challenging the brain 
through spatially challenging tasks can halt age-related decline. In this study, test persons 
walked through a virtual zoo in search of certain animal species (bottom left). Bottom right: 
Map of the zoo with the location of the study participant (purple), the animal they’re trying to 
find (red), the intersections (green) and the animal enclosures (light gray rectangles). P
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diffusion of water molecules in brain 
tissue. The psychologists could then 
draw conclusions about the brain’s an-
atomical makeup, such as its nerve fi-
ber density, from the diffusion proper-
ties of the tissue.

The measurements indicated that 
younger and older adults undergoing 
the training experienced an increase in 
the number and integrity of nerve fi-
bers in the anterior part of the corpus 
callosum. The two hemispheres of our 
brain communicate via this brain struc-
ture, a wide, flat bundle of fibers. “The 
anterior part of the corpus callosum is 
right where we had expected to see a 
change, because tasks like these, which 
activate the frontal lobes, require com-
munication between the two hemi-
spheres of the brain,” says Ulman Lin-
denberger. Hence, the training increased 
the strength of connections between 
the two brain hemispheres.

MENTAL TRAINING KEEPS YOU FIT

So if, as an adult, you want to increase 
your intellectual capabilities, or at least 
don’t want to lose them, you have to 
continuously challenge your brain. A 
Sudoku on a Sunday isn’t enough. It 
probably makes more sense to keep 
your mind busy with challenging and 
varied hobbies. The main thing is to get 
the brain working, be that at the chess 
club, learning Russian, in piano lessons 
or trying to answer the questions your 
grandchildren keep asking you. 

And it’s best to leave the navigation 
device in the glove compartment on 
your next trip into town and rely on a 
trusty old city map instead. That’s be-
cause spatial orientation tasks are ide-
al for keeping spatial orientation, at-
tention and memory in top condition 
and attenuating the structural declines 
that occur with age. 

The team of psychologists working 
with Martin Lövdén and Ulman Lin-
denberger furnished empirical evi-
dence supporting these claims with 
their SPACE study. They asked young-
er and older participants to get on a 
special treadmill in a basement room 

at the institute. In addition to walking 
on the treadmill, half of them also had 
to navigate through a virtual zoo land-
scape projected onto the wall in front 
of them.

They were asked to visit the different 
animal enclosures in a certain order, 
steering themselves as effectively as pos-
sible through the system of paths 
branching out in all directions. Before 
and after the 14-week training, the study 
participants visited the University of 
Magdeburg to have an MRI scan. The 

scientists wanted to find out whether 
certain areas of the brain had changed 
in response to the intensive training. 

The hippocampus was what they 
were most interested in – a very old 
part of the brain in evolutionary terms, 
and an area that is important for spa-
tial navigation. By early and middle 
adulthood, the hippocampus begins to 
shrink by about 1 to 2 percent a year. 
Accordingly, the scientists observed a 
reduction in hippocampus volume in 
participants who had only walked on 

If the demands on the brain (green line: demand) diverge substantially from its actual 
performance level (black line: supply), the brain tries to adapt and establish a new equilibrium. 
Rising demands (a) or decreasing performance (b) trigger plastic changes in the brain that 
can bring supply and demand back into accord.
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the treadmill without having to navi-
gate. But in members of both age 
groups who participated in the naviga-
tion training, there were no such re-
ductions in volume. “The increased 
demands of spatial orientation appear 
to have halted the age-related shrink-
age of the hippocampus,” concludes 
Lindenberger.

Now he and his team are pursuing 
the ambitious goal of watching the 

brain pick up new skills step by step. 
“COGITO and SPACE were before and 
after studies. But the alteration of the 
brain is, of course, a dynamic process,” 
says the scientist. This is why Ulman 
Lindenberger and his colleagues want 
to analyze changes in brain and behav-
ior simultaneously. Their left-hand 
study is thus examining the brain activ-
ity of right-handed people as they learn 
to write and draw with their left hand. 

Doctoral student Elisabeth Wenger 
plays an instrumental role in the left-
hand study. She has been involved in 
its planning since 2010: “We concen-
trated on motor learning because so 
much is known about the regions of 
the brain involved. It is thus possible 
to predict with a great degree of accu-
racy where in the brain the left-hand-
ed training ought to lead to plastic 
changes,” says Wenger. Another of the 

Ulman Lindenberger and Simone Kühn discuss MRI scans from the left-hand study (top). The images show active brain regions 
in yellow and red. Participants in the left-hand study write and draw with their left hand (bottom left). Nils Bodammer and 
Simone Kühn register their brain (bottom right).
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TO THE POINT 
●   The human brain retains the capacity for plastic change into old age. However, 

relative to childhood, plastic changes are more difficult to attain in adulthood.

●   Little is known about the timing of structural changes that happen in the brain 
when acquiring new skills.

●   When our brain is intensively challenged over a lengthy period of time, it seeks 
to adapt to the challenge. Different regions of the brain will be modified depending 
on the nature of the challenge. Tasks that require thinking and working memory 
can increase the number of nerve fibers in the corpus callosum, and spatial 
orientation can halt the natural shrinkage of the hippocampus.

 » The brain masters many tasks differently depending on age.

study’s ploys involved asking people to 
write and draw inside the MRI tube, en-
abling the active brain regions to be lo-
calized individually. 

Elisabeth Wenger split the male 
study participants – all right-handers 
between the ages of 25 and 35 – into 
two groups. The experimental group 
had to train their left hand on a tablet 
PC every day for seven weeks: they 
wrote specific words, such as “cherry 
tree” and “apple juice”, on the touch-
screen with their left hand, and copied 
geometric shapes depicted on the 
screen. “Because all of the tasks were 
completed on a tablet, we were able to 
precisely track the participants’ success 
in the exercises and work out each per-
son’s learning curve,” explains Wenger.

Unlike previous studies, partici-
pants in the left-hand study went for 
an MRI scan every two to three days so 
that the scientists could observe plastic 
changes that took place during the 
training phase. An annex at the insti-
tute in Berlin now houses a new 3 Tes-
la imaging machine, acquired in 2012 
and dedicated entirely to research. 
“We’re very pleased to have our own 
scanner now,” says Lindenberger.

Neuroscientist Simone Kühn is su-
pervising Wenger’s doctoral research, 
together with Martin Lövdén. She 
opens the door to the control room of 
the new MRI lab and points to the two 
white tubes standing screened off in 
two separate rooms. “On the right is 
our real MRI scanner. On the left we’ve 
set up a mock scanner, which looks 
just like the real thing, only it’s noth-
ing more than a plastic tube that 
makes noises.”

Kühn explains: “The study partici-
pants know that this isn’t a real scan-
ner when they come into our lab for 
the first time. But we still practice the 
whole experiment with the newcom-
ers in this one.” That’s because people 
are nervous and sometimes scared 

when they go head first into the nar-
row tube for the first time and hear the 
loud rattling of the scanner. This can 
distort the measurements. “We can use 
our mock scanner to gently get people 
accustomed to the procedure, especial-
ly seniors and children. It’s well worth 
the effort, as it improves the quality of 
the data and avoids unnecessary anx-
iety,” says the scientist.

WRITING EXERCISES IN 
THE MRI SCANNER

Participants in the left-hand study also 
practiced their exercises in the mock 
scanner before the real measurements 
began. They weren’t allowed to take 
their tablet PC into the tube with 
them, though. The magnet would 
have destroyed it. Instead, they wrote 
and drew words and symbols in an 
empty book with their left hand while 
the activity of different regions of the 
brain was measured.

The data has since all been collect-
ed. The researchers now face the task of 
analyzing many thousands of MRI im-
ages. They suspect that the prefrontal 
cortex is particularly active at the start 
of the training, when writing with the 
left hand is highly effortful and re-
quires the participants’ full concentra-
tion. This is the part of the brain where 
complex sequences of movements are 
consciously planned. Later, when the 

movements have been automatized to 
some extent, the motor cortex, which 
controls voluntary movements, and 
the cerebellum may well see some reor-
ganization. The latter is instrumental in 
the automation of movement sequenc-
es. In the frontal lobe, on the other 
hand, the changes observed early in 
training may recede. “If we took mea-
surements only before and after train-
ing, many systematic learning-depen-
dent changes would go unnoticed,” 
says Ulman Lindenberger.

The Max Planck Director would like 
to study more of these kinds of dynam-
ic processes in the future. The left-hand 
study marked a start for the psycholo-
gists and cognitive neuroscientists in 
Berlin. Next, they plan to investigate 
how older adults and schoolchildren 
learn to write with their left hand. “The 
brain masters many tasks differently 
depending on age. My colleagues and I 
see ourselves neither as child psychol-
ogists nor as gerontologists. We’re in-
terested in the whole human lifespan,” 
says Lindenberger. By making direct 
comparisons, the scientists aim to get a 
better understanding of learning and 
plasticity both in childhood and in old 
age. Lindenberger’s daughter is facing 
similar challenges as the people in the 
left-hand study: like Leo, she’s in first 
grade and is learning the alphabet. 
Maybe she’ll write in her exercise book: 
“Daddy – likes – research.”                     
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