ATTENTION AND EFFORT

In the unlikely event of this book being made into a film, System 2
would be a supporting character who believes herself to be the hero.
The defining feature of System 2, in this story, is that its operations
are effortful, and one of its main characteristics is laziness, a
reluctance to invest more effort than is strictly necessary. As a
consequence, the thoughts and actions that System 2 believes it has
chosen are often guided by the figure at the center of the story,
System 1. However, there are vital tasks that only System 2 can
perform because they require effort and acts of self-control in which
the intuitions and impulses of System 1 are overcome.

MENTAL EFFORT

If you wish to experience your System 2 working at full tilt, the
following exercise will do; it should bring you to the limits of your
cognitive abilities within 5 seconds. To start, make up several
strings of 4 digits, all different, and write each string on an index
card. Place a blank card on top of the deck. The task that you will
perform is called Add-1. Here is how it goes:

Start beating a steady rhythm (or better yet, set a metronome
at 1/sec). Remove the blank card and read the four digits
aloud. Wait for two beats, then report a string in which each of
the original digits is incremented by 1. If the digits on the card
are 5294, the correct response is 6305. Keeping the rhythm is
important.



Few people can cope with more than four digits in the Add-1 task,
but if you want a harder challenge, please try Add-3.

If you would like to know what your body is doing while your
mind is hard at work, set up two piles of books on a sturdy table,
place a video camera on one and lean your chin on the other, get
the video going, and stare at the camera lens while you work on
Add-1 or Add-3 exercises. Later, you will find in the changing size of
your pupils a faithful record of how hard you worked.

I have a long personal history with the Add-1 task. Early in my
career I spent a year at the University of Michigan, as a visitor in a
laboratory that studied hypnosis. Casting about for a useful topic of
research, I found an article in Scientific American in which the
psychologist Eckhard Hess described the pupil of the eye as a
window to the soul. I reread it recently and again found it inspiring.
It begins with Hess reporting that his wife had noticed his pupils
widening as he watched beautiful nature pictures, and it ends with
two striking pictures of the same good-looking woman, who
somehow appears much more attractive in one than in the other.
There is only one difference: the pupils of the eyes appear dilated in
the attractive picture and constricted in the other. Hess also wrote
of belladonna, a pupil-dilating substance that was used as a
cosmetic, and of bazaar shoppers who wear dark glasses in order to
hide their level of interest from merchants.

One of Hess’s findings especially captured my attention. He had
noticed that the pupils are sensitive indicators of mental effort—
they dilate substantially when people multiply two-digit numbers,
and they dilate more if the problems are hard than if they are easy.
His observations indicated that the response to mental effort is
distinct from emotional arousal. Hess’s work did not have much to
do with hypnosis, but I concluded that the idea of a visible
indication of mental effort had promise as a research topic. A
graduate student in the lab, Jackson Beatty, shared my enthusiasm
and we got to work.

Beatty and I developed a setup similar to an optician’s
examination room, in which the experimental participant leaned her
head on a chin-and-forehead rest and stared at a camera while



listening to prerecorded information and answering questions on the
recorded beats of a metronome. The beats triggered an infrared
flash every second, causing a picture to be taken. At the end of each
experimental session, we would rush to have the film developed,
project the images of the pupil on a screen, and go to work with a
ruler. The method was a perfect fit for young and impatient
researchers: we knew our results almost immediately, and they
always told a clear story.

Beatty and I focused on paced tasks, such as Add-1, in which we
knew precisely what was on the subject’s mind at any time. We
recorded strings of digits on beats of the metronome and instructed
the subject to repeat or transform the digits one by one, maintaining
the same rhythm. We soon discovered that the size of the pupil
varied second by second, reflecting the changing demands of the
task. The shape of the response was an inverted V. As you
experienced it if you tried Add-1 or Add-3, effort builds up with
every added digit that you hear, reaches an almost intolerable peak
as you rush to produce a transformed string during and immediately
after the pause, and relaxes gradually as you “unload” your short-
term memory. The pupil data corresponded precisely to subjective
experience: longer strings reliably caused larger dilations, the
transformation task compounded the effort, and the peak of pupil
size coincided with maximum effort. Add-1 with four digits caused a
larger dilation than the task of holding seven digits for immediate
recall. Add-3, which is much more difficult, is the most demanding
that I ever observed. In the first 5 seconds, the pupil dilates by
about 50% of its original area and heart rate increases by about 7
beats per minute. This is as hard as people can work—they give up
if more is asked of them. When we exposed our subjects to more
digits than they could remember, their pupils stopped dilating or
actually shrank.

We worked for some months in a spacious basement suite in
which we had set up a closed-circuit system that projected an image
of the subject’s pupil on a screen in the corridor; we also could hear
what was happening in the laboratory. The diameter of the
projected pupil was about a foot; watching it dilate and contract
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