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BBC brain story
All in the mind
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Cognitive Neuroscience: brain that enables mind

Cognition is defined as the process of knowing, including both awareness
and judgment
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The magic of the mind

ocacdrngi ot a schrehearc ta maccbriegd ineyurvtis, ti
edost’n rttaem ni awth rreod eht tlteser ni a rwdo rea, eht
ylon pirmtoatn gihtn si atth het rifts nda satl ttelre eb tat
het ghitr clepa. eht srte anc eb a otlta sesm dan ouy anc
itlls arde ti owtuthi moprbel. ihst si cebusea eth nuamh
nidm sedo otn arde yrvee telrte yb stifle, tub eth rdow sa

a lohew.

Aoccdrnig to a rscheearch at Cmabrigde Uinervtisy, it de-
osn’t mttaer in waht oredr the ltteers in a wrod are, the
olny iprmoatnt tihng is taht the frist and lsat ltteer be at
the rghit pclae. The rset can be a total mses and you can
sitll raed it wouthit porbelm. Tihs is bcuseae the huamn
mnid deos not raed ervey lteter by istlef, but the wrod as
a wlohe.



7H15 M3554G3
53RV35 70 PROV3
HOW OUR M1ND5 C4N
D0 4MA4Z1NG 7HINGS!
1MPR3551V3 7HINGS!
1N 7H3 B3GINNI1NG
17 WAS5 H4RD BU7
NOW, ON 7H15 LIN3
YOUR M1ND 15
R34D1NG 17
4U70M471CALLY
W17H 0U7 3V3N
7HINK1ING 4B0OU7 17,
B3 PROUD! ONLY
C3R741N P30PL3 C4N
R3AD 7H15.
PL3453 FORWA4RD 1F
U C4N R34D 7H15.

Hint

NP O
—n>m—20



Cognitive psychology is all about how we manipulate representations

Letter-matching task

(@) In this version of the task, the subject
responds “same” when both letters are
either vowels or consonants, and
“different” when they are from different
categories.

(b) The reaction time vary for different
conditions.

Multiple representations of stimuli

1. Physical representation
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The internal representation of the first letter is transformed during the interval

Letter-matching task

(a) An interval (stimulus onset asynchrony)
separates the presentation of the two
letters

(b) As this interval is lengthened, the
difference in the reaction time to the
Time physical-identity and phonetic-identity
conditions becomes smaller, suggesting a
o transformation of the representation
into a more abstract code.

[sa]
(=]
[

ch
(=]
I

Chronometric methodology

Reaction time is a independent variable.

o
o
T

between physical-identity
and phonetic-identity conditions

Difference in reaction time (ms)

[2%]
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Stimulus onset asynchrony (s)
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! Hypothesized Stages i

! Stage 1:Encode ﬁ
| Stage 2:Compare i
| Stage 3: Decide i
| Stage 4:Respond ﬂ
s 24

Responses
| + Yes +
i X No

| 1 | ]

1 2 3 =
MNumber of items in memory set

Memory comparison task (the subject must
engage in 4 primary mental operations)

1. Encode: The subject must identify the visible
target.

2. Compare: The subject must compare the
mental representation of the target with the
representation of the items in memory.

3. Decide: The subject must decide whether the
target matches one of the memorized items.

4. Respond: The subject must respond
appropriately for the decision made in Step 3.

The target letter must be compared with the
memory set sequentially rather than in parallel.

Exhaustive search vs. self-terminating search
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Word superiority effect

Does the stimulus contain an A or an E?

Condition Stimulus Accuracy
Word RACK 90%
MNonsense KARC 80%
string

Xs XAXX 80%

We do not need to identify all of the letters of a word before we recognize
the word.

Letter and word levels of representation are activated in parallel.

Performance is facilitated because both representations can provide
information as to whether the target letter is present.



| Color matches Color without Color doesn't The Stroop taSk

word word match word
RED XXXXX GREEN | The Stroop effect demonstrates the
GREER e SIVE multiplicity of mental representations.
RED YXXXX RED 1. The color of each stimulus
BLUE XXOXXX BLUE 2. The color concept associated with the
BLUE XXXXX GREEN words
GREEN XXXXX RED
BLUE XXXXX GREEN The interference from the words is
| markedly reduced if the re '
4 et S Yy sponse requires a

key press rather than a vocal response.

Green,

| mean red. Dual tasks can be used to examine

constraints on information processing.

“Judge the word of an auditory stimulus”
but not “Judge the pitch of an auditory tone”
interferes with the Stroop task.

Practice can help!




EEG and brain imaging



(a) Electrodes on scalp

WA WA AN WA

(b) Awake but quiet (alpha waves)

VA A ot A A,

(c) Awake during intense mental activity (beta waves)

\ J X J L )
W o W
Delta waves REM sleep Delta waves

(d) Asleep
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FIGURE 48.22 Brain waves recorded by an

electroencephalogram (EEG).
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blood oxygenation level dependent

fMRI BOLD: Rapid Overview

Basal state Activated state
. 1] . i1l
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- basal CBV field gradients around vessels )

- increased CBV

- increased MRI signal
(from lower field gradients)

- normal MRI signal
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Neuron is the basic unit of the neural system

Soma = 10 um, but axon length =1 m (1,000,000 um). Ratio = 1:100000

\Slgnal direction DaridiFites

i
(c) SEM of neuron m;-ﬁ\@*" \ 1um
| O
Signal < 39 = Presynaptic
. direction X “g“*‘«'::;\\\-- -cell
Nucleus FEa .. ’ "—"k. L \::‘{:;-\
hillock ' st \
(a) Neuron -
Myelin sheath g, P =
f Synaptic terminalﬁ- A\
Terminal branches : Synapse

(b) Synapse

FIGURE 48.2 Structure of a vertebrate neuron.
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Synaptic terminals Dendrites of ® Excitatory synapse

of presynaptic neurons _postsynaptic @ Inhibitory synapse
neuron

.;/".
o
Synaptic
_— terminals of
= Cell body of presynaptic
Z postsynaptic cell neurons

- ’ i
" Cell body qf (

postsynaptic |

hillock ~ Axonof
postsynaptic
neuron
Terminal - _
branches of #7 |
presynaptic
(@) neurons (b)

FIGURE 48.13 Integration of multiple
s_ynaptic inputs.
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The human brain contains about 100 billion neurons, organized
into circuits more complex than the most powerful supercomputers

Cerebrum

Forebram Thalamus
Hypothalamus

S 21{7 -~/ = Cerebral
/ e > cortex

Pituitary gland

Midbrain
Pons

Hmdbram Mbel’ dulla :

: I (st Spinal cord
Cerebellum

2012/9/18 FIGURE 48.20 The main parts of the human brain. .



Left cerebral Right cerebral
hemisphere hemisphere Parietal lobe

|

o

Cerebral ./,
cortex J

Corpus Basal
callosum nuclei

(a) Back of brain

(b) Left side of brain

FIGURE 48.24 Structure and functional
areas of the cerebrum.
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