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kind of explanation describes how those mechanisms came to be the way 
they are; biologists call these evolutionary or ultimate explanations.13,14,15,16 
My medical education had been entirely about the proximate half of biology, 
which describes mechanisms, none about the half that explains how bodies 
got to be the way they are.

Failure to recognize that evolutionary explanations are essential com-
plements to proximate explanations causes enormous confusion. If you ask 
for an explanation of eyebrows, one person is likely to say they are explained 
by genes that induce synthesis of certain proteins in certain locations. 
Another might point out that you also need to describe the process by 
which eyebrows develop. Another will likely say you need to know about 
eyebrows in other primates. Someone will likely note that eyebrows keep 
sweat out of the eyes. And someone will likely raise an eyebrow to demon-
strate its utility as a signaling device. The first two explanations describe 
proximate mechanisms; the others are about evolution.

The Nobel Prize– winning ethologist Niko Tinbergen expanded the 
distinction in a 1963 article that described what have come to be known 
as “Tinbergen’s Four Questions”: What is the mechanism? How does the 
mechanism develop in an individual? What is its adaptive significance? And 
what is its evolutionary history?17 After relying on them for years, I finally 
saw that two are proximate and two are evolutionary and that two are 
about a slice in time, while two are about change across time. They fit 
nicely into a neat two- by- two table. When I added a slide showing the table 
in my lectures, the audience was more interested in the table than in my 
talk. When I put a PDF of the table on my website, it spread fast.

TINBERGEN’S FOUR QUESTIONS, ORGANIZED18

P R OX I M AT E E VO LU T I O N A RY

S L I C E  I N  T I M E What is the mechanism? What is its adaptive 
significance?

S E Q U E N C E  AC R O S S  T I M E
How does it develop in an 

individual?
What is its evolutionary 

history?
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The utility of an emotion depends entirely on the situation. In the face 
of threats or losses, anxiety and sadness are useful, but happy relaxation is 
worse than useless. When opportunities emerge, desire and enthusiasm 
are useful, but worry and sadness are harmful. The advantage goes not to 
individuals who are constantly anxious, sad, or joyful but to those who 
experience anxiety when loss is threatened, sadness after a loss, and enthu-
siasm and joy in the face of opportunity and success.

If only all situations were so simple. For humans trying to navigate 
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anxiety. Loss arouses sadness. I was delighted to find that the four situa-
tions that arise in goal pursuit map so neatly to four emotions. Philosopher 
friends Allan Gibbard and Peter Railton pointed out that this is a very old 
idea: Plato recognized four closely related basic emotions: hope, fear, joy, 
and sadness.85 Moreover, they noted, variations on this four- part scheme 
were central to most theories of emotions in ancient Greece and again in 
Europe since the Middle Ages. It can be expanded by separating physical 
from social situations and by adding the emotions aroused by alternative 
outcomes, disappointment when pursuit of an opportunity fails, and relief 
when a threat is avoided.

EMOTIONS FOR SITUATIONS THAT ARISE IN GOAL PURSUIT

B E FO R E A F T E R
A LT E R N AT I V E

O U TCO M E

O P P O R T U N I T Y

P H Y S I C A L Desire Pleasure
Disappointment

S O C I A L Excitement Joy

T H R E AT

P H Y S I C A L Fear Pain
Relief

S O C I A L Anxiety Sadness

The word goal is completely inadequate to describe the diversity of 
human pursuits. Some goals are long term, such as raising happy children, 
while others are instantaneous, such as trying to convince your conver-
sation partner that your joke was less offensive than it really was. For 
simplicity, I use the word goal to mean anything that someone is trying 
to get, find, become, lose, escape, or avoid. Psychologists have used many 
other descriptors, including mission, life task, enterprise, aim, purpose, 
objective, or pursuit of personal meaning or possible selves. Each of those 
terms connects to its own rich literature that explores emotions and goal 
pursuit.86,87,88,89,90,91,92,93 Psychologists know all about how goal pursuit 
influences emotions. Psychiatrists, not so much.
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Phobias
Snake and spider phobias are common. So are fears of bridges, heights, 
elevators, and airplanes. Fear of speaking in public is yet more common. 
Agoraphobia is characterized by fear of leaving the house and fear of open 
places. However, we never saw patients who complained about excess fear 
of books, trees, flowers, or butterflies. And we only rarely saw fears of many 
dangerous things, such as knives, electrical wires, bottles of pills, chemicals, 
or motorcycles. Why? This is an evolutionary question.

When Isaac Marks and I worked together for a summer on the question, 
we tried to figure out if different anxiety disorders corresponded to different 
kinds of dangerous situations. As the table below shows, they do.16 

A N X I E T Y  D I S O R D E R S I T UAT I O N / DA N G E R

Phobia of small animals Possible damage by the animal

Fear of heights Injury from falling

Panic attacks Attack by a predator or human

Agoraphobia Attack by a predator or human

Social anxiety Loss of social standing

Hypochondriasis Sickness

Fear of being unattractive Social rejection

Fear of needles and fainting Injury/bleeding

A few fears are built-in automatic responses,17 but most common fears 
are not exactly innate. Fear of snakes, for instance, is not built in, but the 
brain is prewired to learn it fast, as shown by lovely experiments conducted 
by psychologist Susan Mineka and her colleagues in the 1970s. Young 
laboratory- raised monkeys reach blithely across a toy snake to get a treat. 
However, watching a single video of another monkey withdrawing in fright 
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to low mood to high mood to mania. The word depression is now so closely 
associated with pathology that I will use low mood to describe symptoms of 
mild depression, without any implication of pathology or normality.

High mood is a pleasurable state of enthusiasm, energy, and optimistic 
activity usually associated with situations where activity is likely to pay off 
grandly. It is closely related to joy, the short- term pleasure from getting what 
has been desired, and happiness, the enduring state that can persist if most 
desires can be satisfied. Low mood is the painful state characterized by de-
moralization, low energy, pessimism, risk avoidance, and social withdrawal 
that is aroused by certain situations, especially those in which efforts to reach 
a goal are failing. Sadness can feel very similar to low mood, but it results from 
specific losses; it often does not include the pervasive lack of motivation that 
can characterize low mood and depression. Grief is the special kind of sadness 
caused by death of a loved one or other major loss. Tomes have been written 
to distinguish these and other mood states, but because emotions are products 
of evolution, not design, they overlap in untidy ways that defy exact description.

LOW  M O O D H I G H  M O O D

Pessimism Optimism

Risk avoidance Risk taking

Inhibition Initiative

Low energy High energy

Social withdrawal Social engagement

Quiet Talkative

Slow thinking Fast thinking

Unimaginative Creative

Submissive Dominant

Lack of confidence Confidence

Low self- esteem High self- esteem

Analytic thinking Subjective thinking

Expecting criticism Expecting praise
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time to find a new bush (Search Time on the graph). When you find a 
bush, berries come fast at first, then slower and slower yet; that is why the 
curved line is steep at first, then slowly levels off. You can stop picking at 
any time along that curve. The longer you stay, the more berries you get 
from that bush, but to get the most berries per hour, you need to stop and 
go looking for the next bush at just the right time.

The best time to stop is at the point that gets you the most berries per 
hour. The number of berries is the height (the dotted vertical lines), and 
the time is the width (Search Time plus Picking Time), so you will get the 
most berries per hour if you stop at the point where the line with the 
steepest slope (the solid one) just touches the top of the curve. If you leave 
sooner (the lower dashed line), or stay longer (the higher dashed line), you 
will get fewer berries in an hour.

The Marginal Value Theorem

Charnov called this the Marginal Value Theorem, because all the 
action is at that spot “on the margin” where the rate of getting berries 
at the current bush dips below the number of berries you can get per 
hour by moving to a new bush. The core idea is simple but profound. You 
don’t have to do calculus to get the right answer, you just need to follow 
your emotions. To maximize the number of berries you get in a day, go 
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strategy invests 15 percent of its resources if the previous move gave a 
payoff and 5 percent if it gave a loss. The payoff for each move is based on 
a combination of a random number and the payoff on the previous move, 
so there is some predictability. The average payoff is 1 percent, but on any 
move the entire investment could be lost or as much as doubled.

It is great fun watching the game run. One click sets off 100 moves, 
and four lines crawl across the computer screen, one for each of the three 
strategies and one to indicate the payoffs at each move. Every run of the 
game turns out different thanks to tiny variations in the random factors.

What strategy wins? It depends on the environment. Usually all three 
strategies come out about the same. When payoffs are moderately pre-
dictable, Moody tends to win because it takes advantage of good times 
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Four runs of the mood model illustrate how chance variations in payoffs result in 
vastly different outcomes for the three strategies: Moody (dotted), Moderate 
(dashed), and Moodless (solid). The thin line at the bottom indicates how payoffs 
vary at each different move in the game.

Four Runs of the Mood Model
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or psychosis, others because of dementia or terminal cancer. She concluded 
that individuals need to be understood as individuals. She convinced me.

Data from the ROSS can be diagrammed to illustrate the flows of 
effort and resources in a person’s life. For instance, the upper left box in 
the diagram below illustrates an ordinary complicated life, in which every 
kind of resource is contributing to every other kind of resource in a 
complex matrix. The upper right shows a workaholic who puts all energy 
and time into working and getting money. The lower left shows someone 
whose effort goes almost exclusively into taking care of children, with 
investment in occupation and finances only as a means to that end. Finally, 
the party animal spends most of life’s effort trying to create status and 
relationships, mostly sexual relationships. These are all very different lives, 
with different events having very different influences on emotions.

Some Patterns of Resource Allocation
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(who won’t confess) but avoids exploitation if the other person defects. 
The game usually plays out in long sequences of cooperation, followed by 
stubbornly persistent bouts of mutual defection, exactly what one sees in 
many relationships.44,45,46 Steady cooperation maximizes the combined 
benefit (3 to each partner in the table below), but one player can get a 
payoff of 5 by defecting on a turn when the other cooperates.

If the situations that recur in the process of trading favors have fitness 
consequences, they should have shaped emotions to cope with those situ-
ations. They have.47,48,49,50 After repeated experiences of cooperation, trust 
and friendship grow. Especially generous behavior arouses gratitude. An-
ticipated defection arouses suspicion; experiencing a defection arouses 
anger. Temptation to defect arouses anxiety and defection arouses guilt, 
both aversive emotions that inhibit hasty selfishness.

If you are tempted to do something that will betray a commitment, 
anxiety inhibits hasty self- interested behavior. You will be late for work if 
you give your friend a ride to the airport, but if you owe the person a ride, 
you need to do it. If you don’t, guilt will motivate apologies, and repara-
tions will be needed to reestablish trust. Alternatively, you could try to 
devalue what the other person provided for you. Most arguments are about 
who violated what expectations. 

EMOTIONS SHAPED TO COPE WITH THE SITUATIONS  
THAT ARISE IN EXCHANGE RELATIONSHIPS51

E M OT I O N S  A R O U S E D 
BY  S I T UAT I O N S  I N 

R E L AT I O N S H I P S 
OT H E R  CO O P E R AT E S OT H E R  D E F EC TS

YO U  C O O P E R AT E

(3 for each)

Friendship
Trust

(0 for you, 5 for other)

Suspicion (before)
Anger (after)

YO U  D E F E C T

(5 for you, 0 for other)

Anxiety (before)
Guilt (after)

(1 for each)

Disgust
Avoidance
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to eat. Rabbits with medium levels of cautiousness have the highest fitness, 
so selection shapes the population mean to the peak, where fitness for 
genes and individuals coincides with maximum health. Mutations spread 
out the distribution, resulting in some individuals having trait values far 
from the mean and lower fitness. Stabilizing selection eliminates such 
mutations, narrowing the distribution.

The Standard Model
The solid line is the fitness at each level of cautiousness. The points that maximize 
fitness for an individual (I) and a gene (G) and health (H) all coincide at the 
peak of the fitness landscape. If the distribution of degrees of cautiousness is narrow 
(the tall dotted curve), most individuals will have high fitness and good health. If 
the distribution is wide (the dashed curve), some will be at high risk of predation 
and others will be at a high risk of starvation. 

However, fitness landscapes can be asymmetrical. Sometimes fitness 
increases as a trait is pushed in one direction, but going one step too far 
results in going off the cliff, just like the bird nest that had one egg too 
many. Racehorses are prone to breaking the cannon bone in their legs. 
Why didn’t natural selection make it thicker? It did; wild horses are un-
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likely to break their legs. However, breeding only the fastest horses made 
their leg bones longer and longer, thinner and thinner, and lighter and 
lighter. Successive generations of racehorses have become faster and 
faster but also more and more vulnerable to breaking a leg, something 
that now happens about once every thousand times a racehorse starts 
a race.92

Because all racehorses have been selected for speed, horses that break 
their legs and their relatives will not be much faster than other horses. The 
same logic may explain why it has been hard to find advantages experienced 
by the relatives of people who have serious mental disorders. Strong selection 
for extreme mental capacities may have given us all minds like the legs of 
racehorses, fast but vulnerable to catastrophic failures. This model fits well 
with the idea that schizophrenia is intimately related to language and cog-
nitive ability.93 It also fits well with the observation that schizophrenia may 
be intimately related to the human capacity for “theory of mind,” our ability 
to intuit other people’s motives and cognitive abilities in general.94,95

How Cliff- Edged Fitness Functions Make Disease Inevitable
Traits with asymmetrical fitness functions are stabilized not at the level that maxi-
mizes individual fitness (I) or at the level that maximizes health (H), but at the level 
that maximizes gene transmission (G), despite dire outcomes for a few individuals. 
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