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Probing consciousness with an electrode
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Voluntary behavior is unpredictable, unlike a reflex. Can we FIXATION TASK SACCADE TASK
understand voluntary behavior in terms of neural processes, as v

understand a reflex? The question was nothing but an intractabl
fantasy until Robert Wurtz and Michael Goldberg published a ™ stimulus
series of four papers idournal of Neurophysiologiy 1972 [3-6].
While studying single cell activities in the monkey superior col-
liculus in relation to visual and oculomotor functions, the authors
discovered that cells’ visual responses changed depending on tt
monkey’s subsequent behavior even though an identical stimulu
was presented.

Goldberg and Wurtz started off the second paper [4] by writing,

“In all previous studies on visual receptive fields of single nearon , the
properties of the cells were studied without regard to the behaviora
significance of the visual stimuli.. The awake animal does not treat
objects in the visual world uniformly: it responds to some and ignores
others. At some point in the brain neurons must reflect not only the externe
parameters relating to the physical properties relating to whether or not th
animal will respond to the stimulus.”

Goldberg and Wurtz trained monkeys on two tasks, a fixation | Stmuus B ZZ Stmuls QR
task and a saccade task (Fig. 1), which are now commonly used t | neuron il 1 | Neuron WAL
behavioral neuroscientists. Neurons in the superficial layer of the
superior colliculus respond to visual stimuli at a particular location | E¥e EY"_/_

(receptive field) as they receive direct connections from the retina.
Goldberg and Wurtz foun(_:i that the visual respc_mse was enhancel—GiG. 1. The spike activity of a single neuron was recorded from the
when the monkey was going to make a saccadic eye movement Q perior colliculus while the monkey was performing the fixation task and
the receptive field stimulus (in the saccade task) compared witlhe saccade task. The monkey sat on a chair facing a screen. In either of the
when the monkey kept fixating (in the fixation task). However, thetasks, when the monkey pressed a lever on a chair, a spot of light (fixation
enhancement of the visual response could simply be due to theoint) appeared at the center of the screen and, after some time, another
heightened level of arousal in the saccade task. This possibilitgPot of light (stimulus) appeared at a peripheral location. In the fixation
was excluded because, when the monkey made a saccade k, the monkey had to keep fixating on the fixation point to detect its

. . - ) Imming and release the lever. In the saccade task, the monkey had to
another stimulus outside the receptive field, there was no enhanc ake a saccade to the stimulus if it was located in the neuron’s receptive

ment. Goldberg and Wurtz concluded the paper by writing, field (indicated by a circle). Goldberg and Wurtz found that the visual

“We suggest that this enhancement of respans is theeffect of the response was stronger in the saccade task than in the fixation task, although
the stimulus was physically the same.

mechanism which on the psychological level is the phenomenon of atten-
tion”. [4]

The Goldberg and Wurtz study opened up the era of cogniwhile changing the behavioral context, thus focusing on the
tive neuroscience. Previously there were only two variables—relationship between the internal state and the neuronal activity.
stimulus and neuronal activity—and the question was to deterThis new strategy changed the attitude of neuroscientists so
mine the transfer function between these variables. Goldbergrofoundly and gave them confidence to study the internal state
and Wurtz successfully introduced another variable—the interof the brain. The currently flourishing studies on attention,
nal state (which may represent “mind” or “consciousness”).action, working memory, and mental imagery are all originated
More importantly, they developed the method to characterizdrom this idea. The same strategy has also been applied to
the third variable. They did so by keeping the stimulus constanhuman imaging studies.
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Critical in this approach was how the experimenters couldemerge from the interactions of many neural processes. The en-
manipulate the internal state of the brain. One cannot simply askleavor has just begun, disentangling the unpredictable mind and
the animal subject to “think” in this way or that; one has to set upbehavior.
the behavioral context in which the animal subject supposedly
possesses a certain state of mind, such as attending to object A
while ignoring B. In the case of the Goldberg and Wurtz study, the
monkey would attend to the receptive field stimulus when it was REFERENCES
going to make a saccade to the stimulus. Their suggestion then was Bushnell, M. C.; Goldberg, M. E.; Robinson, D. L. Behavioral re-
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