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Experimental economics uses laboratory method-
ology to examine motivated human behavior and its
interpretation in small group interactive games, and
in bidding, auctioning, and market institutions. Sub-
jects earn cash payments depending upon their
Joint interactive decisions, and the rules governing
their interactions.

INTRODUCTION

It is useful to distinguish three complex self-
ordering systems: the internal order of the mind
(Hayek, 1952); the external order of social exchange
between minds (McCabe and Smith, 2001); and the
extended order of cooperation through markets
and other cultural institutions (Hayek, 1988). Our
concern here is with the first two.

We focus on social exchange because it was the
cooperative behaviors registered in two-person an-
onymous interaction that first alerted experimental
economists to a significant class of phenomena that
violate certain static equilibrium concepts in game
theory. Game theory is about strategic interde-
pendent choice when the pay-off benefit to each of
two or more people depends jointly on their deci-
sions. These refutations generated alternative inter-
pretations of that theory, and motivated questions
directly concerned with the internal order of the
mind. They are now leading to the study of
the neural correlates of human decision-making in
two-person strategic interactions.

Why do we study anonymous interactions? First,
our theoretical model of single-play games as-
sumes strangers without a history or a future, and
anonymity provides the required control for testing
this theory. Also, it is well documented that the
effects of face-to-face interaction hide more subtle
procedural effects in yielding cooperative out-
comes (Hoffman and Spitzer, 1985). As will be il-
lustrated in the experiments reported below, the
anonymity condition provides great scope for

exploring the natural human instinct for social
exchange, and how it is affected by context, reward,
and procedure.

Why Should Context Matter?

Context matters because all memory involves rela-
tionships and is associative. For example, priming
experiments use cues to improve retrieval from
memory because of associations between the cue
and the stimulus. People perform better at complet-
ing word fragments (filling in missing letters) on
words they have observed beforehand in lists, even
if they are not told that the words appeared in the
earlier list. Some priming effects are almost equally
strong whether the interval between the original
list and the test is a matter of hours or days. Fur-
thermore, being able to state that a word was seen
before does not correlate with improved comple-
tion performance. How one perceives a current task
depends upon unconscious cues to past experience
that are triggered by the context of the task. Two
decision tasks with the same underlying logical
structure may lead to different responses because
they are embedded in different contexts and invoke
different memory experiences (Gazzaniga et al.,
1998, pp. 258-261). This is because of the funda-
mental, though nonintuitive, nature of perception.

In the early 1950s Hayek articulated certain prin-
ciples of perception, which are consistent with cur-
rent neuroscientific understanding:

1. It is incorrect to suppose that experience is formed
from the receipt of sensory impulses reflecting un-
changing attributes of external objects in the physical
environment. Rather, the process by which we learn
about the external environment involves a relation-
ship between current conditions and our past experi-
ence of similar conditions (Hayek, 1952, p. 165).

2. Categories are formed by the mind according to the
relative frequency with which current perception and
memory (past perceptions) concur (p. 64). What are
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stored in memory are external stimuli modified by
processing systems whose organization is conditioned
by past experience of stimuli. All perception is pro-
duced by memory.

3. This leads to a ‘constant dynamic interaction between
perception and memory, which explains the ... iden-
tity of processing and representational networks of the
cortex that modern evidence indicates’ (Fuster, 1999,
p- 89). ‘Although devoid of mathematical elaboration,
Hayek’s model clearly contains most of the elements
of those later network models of associative mem-
ory ... [and] comes closer, in some respects, to being
neurophysiologically verifiable than those models
developed 50 to 60 years after his.” (Fuster, 1999,
pp- 88-89).

Hayek’s model is incomplete, and did not influ-
ence the research it anticipated, but it captures the
idea that perception is self-organized, created from
abstract function combined with experience. This is
relevant to the question of why context is important
in the experiments reported below.

MENTAL MODULES AND
EVOLUTIONARY PSYCHOLOGY

Evolutionary psychologists argue that the mind
consists of circuitry, or interactive modules, that
are specialized for vision, for language learning,
for socialization, and for a host of other functions
(Cosmides and Tooby, 1992). Language and social-
ization, which are of recent evolutionary origin, are
hypothesized to have evolved in the two to three
million years during which humans subsisted as
hunter—gatherers. It is in this evolutionary environ-
ment of our ancestors (EEA) that humans de-
veloped mechanisms of social exchange in which
assistance, meat, favors, information and other ser-
vices and valuables were traded across time. This
is evident in extant hunter—gatherer societies (e.g.
the Ache of Paraguay) in which the product of the
hunt is widely shared within the tribe as well as
within the nuclear and extended family. In a world
without refrigeration and only rare success in
hunting, this made sense: if I am lucky in the hunt
today, I share the meat with others; and tomorrow,
when I fail to make a kill, you share your kill with
me and with others. In contrast, the products of
gathering — fruit, nuts, roots — depend more on
effort than on luck, are much more predictable
from day to day, and are shared only in the nuclear
family where effort can be closely monitored. Trad-
itions of sharing across time provide gains from
exchange that support limited forms of specializa-
tion: women and children do the gathering; adult
men do the hunting; older men make tools, advise
in the hunt, and assist in gathering. Such patterns

(subject to numerous variations) are common in
tribal communities.

But delayed exchange across time based on reci-
procity is hazardous. Favors cannot be retracted,
and you might systematically fail to return mine.
Without money —a recent invention not available in
the EEA — it is adaptive to develop some skill in
making judgments about who can or cannot be
trusted. This puts a premium on ‘mindreading’,
the ability to infer mental states from the words
and actions of others. The minimal mental equip-
ment required is a ‘cheater-detector module’ for
social exchange. The results of experiments
designed by Cosmides (1985) are consistent with
the hypothesis that the human mind is attuned to
detecting cheaters on perceived social contracts.
With the development of language, our instincts
for cheater detection were enhanced by gossip:
comparing notes to determine those with good
reputations for returning favors. Gossip, like lan-
guage and reciprocity, is a human universal, an
activity pursued in all human communities. None
of this mental equipment was the product of our
reason: rather, it was the unconscious product of
the biological and cultural evolution that distin-
guished us from other primates.

Evolutionary psychologists see an inevitable ten-
sion between who we are (based on what we have
inherited from the EEA) and the demands made on
us by the world since the agricultural revolution
10,000 years ago. One account of this tension was
articulated by Hayek: ‘Part of our present difficulty
is that we must constantly adjust our lives, our
thoughts and our emotions, in order to live simul-
taneously within different kinds of orders
according to different rules. If we were to apply
the unmodified, uncurbed rules (a caring interven-
tion to do visible good) ... of the small band or
troop, or of, say, our families, to ... our wider
civilization (the extended order of the market), as
our instincts ... often make us wish to do, we would
destroy it. Yet if we were always to apply the rules
of the extended order (action in the self-interest
within competitive markets) to our more intimate
groupings, we would crush them. So we must learn to
live in two sorts of world at once.” (Hayek, 1988,
p- 18).

This observation raises questions about game
theory, which postulates that the players are
strictly self-interested and that this condition is
common knowledge to all the players. How is
action in the self-interest affected by whether the
anonymous players are in an n-person market or a
two-person interactive game? How do the players
come to have ‘common knowledge? Does the



1072 Economics, Experimental Methods in

procedural and instructional context of a two-
person game affect cooperation by influencing
how the players perceive the game? It is most nat-
ural to investigate such questions in experimental
environments where monetary pay-offs, context,
and interaction procedures can be controlled.

EXPERIMENTAL PROCEDURES

The experiments reported below show that context
is important in the decision behavior we observe.
This is to be expected, given what is known about
the autobiographical character of memory and the
interaction between current and past experience in
creating memory. Below are reported behavioral
results in two-person sequential-move game trees
in which each pair plays once and only once through
the move sequence defined by the tree, and the game
is completely known to the subjects. However, the
instructions for the experiments do not (except in
systematic treatments) use words like ‘game’,
‘play’, ‘player’, ‘opponent’, or ‘partner’; rather, ref-
erence is made to the ‘decision tree’, ‘decision
maker’ 1 (DM1) or 2 (DM2), ‘your counterpart’, and
other terms designed to provide a baseline context.

Your experience as a subject in a typical experi-
ment might be as follows. You have been recruited
to participate in an economics experiment for
which you will be paid $5 (or more, in some
cases) for arriving on schedule, plus the amount
in cash that you earn from your decisions, to be
paid to you at the end. You arrive, sign in, receive
$5, and are assigned to a computer terminal in a
large room with 40 stations. There are 11 other
people, well spaced throughout the room. Each
station is a partially enclosed booth, making it
very easy to maintain your privacy. After everyone
has arrived you log in to the experiment as directed
on your screen. You read through the instructions
for the experiment at your own pace, respond to the
questions, and learn that in this experiment you are
matched anonymously with another person in the
room, whose identity you will never know, and
vice versa. This does not mean that you know noth-
ing about that person: it may seem evident that he or
she is another ‘like” person — for example, an under-
graduate — with whom you may feel more or less of
anin-group identity. Obviously, you bring with you
a host of past experiences and impressions that you
are likely to apply to the experiment.

Ultimatum Game Experiments

Consider the following simple two-stage two-
person game. A fixed sum of money m is provided

by the experimenter (e.g. m might be 10 one-dollar
bills, or 10 ten-dollar bills). Player 1 moves first,
proposing that a portion x < m of the money be
offered to player 2, player 1 retaining m — x. The
offer is a ‘take it or leave it" ultimatum. Player 2
then responds by either accepting the offer, in
which case the experimenter pays m — x to player
1 and x to player 2, or rejecting the offer, in which
case each player receives 0.

Now consider four different instructional-
procedural contexts in which an ultimatum game
with this underlying abstract structure is played. In
each case, imagine that you are the first mover
(player 1 in the above abstract form). (See Hoffman
et al. (2000) for instructional details, and for refer-
ences to the literature and origins of the ultimatum
game.)

Context 1: ‘divide $10’
In the first context, the instructions state that you
and your anonymous counterpart have been ‘pro-
visionally allocated $10’. Your task is to ‘divide’ the
$10 using the following procedure. You have been
randomly assigned to the role of first mover. You
(as person A) are asked to complete boxes (4) and
(5) of the proposal form shown in Figure 1. The
form then goes to your counterpart (person B)
who checks “‘Accept’ or ‘Reject’.

In this version, the $10 consists of 10 one-dollar
bills. In another version, there is $100 (10 ten-dollar
bills) to be divided.

Context 2: ‘contest entitlement’

In the second context, each of the 12 people in the
room takes the same general-knowledge quiz (10
questions). The results are used to determine the
positions of persons A and B in each pairing. Your
score is the number of questions answered

(1) Identification nUMber.........ccoocvieiiiiiiieiiieeee.

(2) Paired With.........ceeeiiieeeeiieeeeeeeeeeee e

(3) Amount to divide........ccccuviieerrieeeriiiieeieee e, $10

(4) Person B receives .........ccceeeevieeeiniiieeeniiecenneeenn |:|
(5) Person A receives (3)—(4) ..c.cooovviiiiniiiniiiniinnne I:I

(6) Accept |:| Reject |:|

Figure 1. Proposal form for an ultimatum game experi-
ment using the ‘divide $10” context. You (as person A) are
asked to complete boxes (4) and (5); the form then goes to
your counterpart (person B) who checks ‘Accept’ or
‘Reject’.
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correctly, with ties broken in favor of the person
who finished the quiz fastest. The scores are ranked
from 1 (highest) to 12 (lowest). Those ranked from
1 to 6 will have ‘earned’ the right to be person A;
the other six will be person B.

Context 3: ‘exchange’

In the third context, person A is a ‘seller’ and B is a
‘buyer’. A table lists the profit of the seller and of
the buyer for each possible price ($0, $1, $2, ..., $10)
charged by the seller if the buyer chooses to
buy. The profit of the seller is equal to the price
chosen; the profit of the buyer is $10 minus the
price. The profit of each is zero if the buyer refuses
to buy at the price chosen by the seller.

Context 4: ‘contest-exchange’

The fourth context combines the second and third:
‘sellers’ are selected by a general-knowledge quiz.
In one version the total amount is 10 one-dollar
bills; in another, it is 10 ten-dollar bills.

Results of Ultimatum Game
Experiments

The game-theoretic concept of sub-game perfect
equilibrium (SPE) yields the same prediction in all
of these versions of the ultimatum game (Selten,
1975): player 1 offers the minimum positive unit
of account ($1 if m = $10, $10 if m = $100), and
player 2 accepts the offer. The analysis assumes
that each player is self-interested in the sense of
always choosing the largest of two pay-offs for
himself or herself; that this condition is common
knowledge for the two players; and that player
1 applies backward induction to the decision prob-
lem faced by player 2, conditional on player 1's
offer. Thus player 1 should reason that any positive
pay-off is better than zero for player 2, and there-
fore, player 1 need only offer the minimum positive
amount.

But there are other models of decision for games
like the ultimatum. A problem with the above an-
alysis is that, perhaps depending on context, the
ultimatum interaction may be interpreted as a
social exchange between any two anonymously
matched players who normally read intentions
into the actions of others (Baron-Cohen, 1995). Sup-
pose that the ultimatum game is perceived as a
social contract in which player 2 has a (fair
claim’) entitlement to more than the minimum
unit of account; then an offer of less than the per-
ceived entitlement (say, only $1, or perhaps even $2
or $3) may be rejected by some players 2. Player 1,
reading this potential mental state of player 2 (e.g.

by imagining what he or she would do in the same
circumstance), might then offer substantially more
than $1 to ensure acceptance.

Observe that in context 1, the original $10 is
allocated imprecisely to both players, and does
not clearly belong to either person A or B. Further,
a common interpretation of the word ‘divide’ in-
volves the separation of some divisible quantity
into equal parts. Moreover, in western culture the
use of a lottery or other random device is recog-
nized as a standard mechanism for ‘fair’ or equal
treatment. Hence, the instructions can be inter-
preted as suggesting that the experimenter is en-
gaged in a ‘fair’ treatment of the subjects. This can
serve as a strong, albeit unconscious, cue that the
subjects ought to be ‘fair” in their treatment of each
other.

By contrast, context 2 deliberately introduces a
contest procedure, before the game itself, in which
those who score the highest earn the right to be
person A, and those who score the lowest will be
person B. In this treatment, nothing is said about
who has been initially allocated the money, and the
word ‘divide’ is not used. Rather, person A must
choose how much person B is to receive, and
person B must choose to accept or reject the pro-
posal. Consequently, the instructions may cue
some norm of ‘just desert’ based on test perform-
ance.

In context 3, the abstract ultimatum game is em-
bedded in a transaction between a buyer and a
seller. In such exchanges, buyers (in western cul-
ture) do not normally question the right of the seller
to move first by quoting a price, nor that of the
buyer to respond with a decision to buy or not to
buy.

Context 4 combines the implicit “property right’
norm of a seller with an explicit mechanism
whereby subjects ‘earn’ the privilege of being the
seller in a contest whose outcome provides the
same opportunity for all participants, depending
on their general knowledge. This treatment intro-
duces the ‘equal opportunity” norm, as opposed to
‘equality of outcome’.

Table 1 summarizes the results from two differ-
ent studies of ultimatum game bargaining with
stakes of either 10 one-dollar or 10 ten-dollar bills,
where the number of pairs of players varies from 23
to 27. Note that ‘divide” with random entitlement
corresponds to context 1; ‘divide” with earned en-
titlement to context 2; ‘exchange’ with random
entitlement to context 3; and ‘exchange’ with
earned entitlement to context 4.

Comparing ‘divide $10” with ‘divide $100" under
random entitlement, we observe a trivial difference
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Table 1. Mean percentage offered in ultimatum games, by context treatment. Data from Hoffman et al. (1996) and (1994)

$10 stakes $100 stakes
‘Divide’ ‘Exchange’ ‘Divide’ ‘Exchange’
Random entitlement Mean offer 43.7% 37.1% 44.4% (n/a)
N 24 24 27 (n/a)
Rejection rate® 8.3% 8.3% 3.7% (n/a)
Earned entitlement Mean offer 36.2% 30.8% (n/a) 27.8%
N 24 24 (n/a) 23
Rejection rate® 0 12.5% (n/a) 21.7%

?Percentage of the N pairs in which the second player rejects the offer of the first.

in the amount offered between the low stakes
(43.7%) and the high stakes (44.4%). There is no
significant difference in the rate at which offers
are rejected (8.3% and 3.7% respectively).

When ‘exchange’ is combined with an earned
entitlement, the increase in stakes seems to lower
the offer percentage from 30.8% for $10 stakes to
27.8% for $100 stakes, but this difference is within
the normal range of sampling error using different
groups of subjects and is not significant. Surpris-
ingly, this minuscule decline in the mean offer cor-
relates with an increase in the rejection rate from
12.5% to 21.7%. In the high-stake game, three out of
four subject players 1 offering $10 are rejected, and
one offer of $30 is rejected. As we shall see below in
other games, this behavior is associated with a
strong human propensity to incur personal cost to
punish those who are perceived as cheaters, even
under strict anonymity (as in Cosmides, 1985).

Comparing the ‘divide’ and ‘exchange’ condi-
tions with random entitlement and $10 stakes, the
offer percentage declines from 43.7% to 37.1%, and
comparing the ‘divide’ conditions with random
and earned entitlement and $10 stakes the offer
percentage declines from 43.7% to 36.2%. Both re-
ductions are statistically significant. Even more sig-
nificant is the reduction from 43.7% to 30.8% with
the ‘exchange’ condition and earned entitlement.
Moreover, in all four of these contexts the rejection
rate is null or modest (0 to 12.5%).

The small proportion of offers rejected (except
when the stakes are $100 in the ‘contest—exchange’
context, where the mean offers decline to 27.8%)
indicates that players 1 generally read their coun-
terparts well and offer a sufficient amount to avoid
being rejected. The one exception shows that trying
to push back the boundary, even if it seems justified
by the higher stakes, may provoke rejections.

One obvious conclusion from these data is that
the effect of context on behavior cannot be ignored
in the ultimatum game: the percentage offered

varies by over a third between the highest (44%)
to the lowest (28%) measured values. Studies of
cross-cultural variation in ultimatum offers show
a comparable variation. Thus, a comparison of two
hunter—gatherer and five modern cultures reveals a
variation from a maximum of 48% (Los Angeles
subjects) to a minimum of 26% (Machiguenga sub-
jects from Peru) (Heinrich, 2000). These com-
parisons attempted to control for instructional
differences across different languages, but of
course this is inherently problematic in that one
cannot be sure that the translations, or the proced-
ures for handling the subjects, completely control
for context across cultures. Nor can it be assumed
that the pay-offs are subjectively comparable across
currencies.

The instructional comparisons also call into
question the extent to which one can define what
is meant by ‘unbiased’ instructions. Some results
may be robust with respect to instructional
changes, but this can only be established empiric-
ally, since we know little about the sources of be-
havioral variation due to context. Indeed, unless
such robustness is established no claims can be
made concerning the relative ‘neutrality” of instruc-
tions, and the extent to which differences in behav-
ior can be attributed to differences between
cultures.

Because of the nature of perception and memory,
we should expect context to be an important factor.
In the ultimatum game, the variation of observed
results with systematic instructional changes
designed to alter context shows clearly that context
can and does matter.

Trust Games

Ultimatum games have been studied extensively,
but because of their simplicity they leave un-
answered many questions about what underlies
the behavior manifest in them. For example, one
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cannot vary independently the cost of player 2’s
rejection of player 1’s offer. The game is constant-
sum, and is inherently confrontational: neither
player can take action that increases the total
gains from the transaction, and therefore the inter-
pretation of the game as an exchange is limited.

We turn therefore to a somewhat richer class of
two-person extensive-form trust games in which
the return to equilibrium play, cooperation, defec-
tion, and the prospect of costly punishment of de-
fection can be studied in a richer parameter space
than that of the ultimatum game.

Figure 2(a) shows a trust game tree. Play starts at
the top, node x;, with player 1. Player 1 can move
right; this stops the game, yielding $7 to player
1 and $14 to player 2. Alternatively, player 1 can
move down, in which case player 2 has to choose a
move at node x,. If player 2 moves right, each
player gets $8. If player 2 moves down, player
1 can then move right at node x3, yielding $10 for
each, or down, yielding $12 for player 1 and $6 for
player 2.

The SPE is $8 for each player. This is because at
node x; player 1 can look ahead (use ‘backward
induction’) to see that if play reaches node x3 player
1 will want to move down. But player 2, also using
backward induction, will see that at node x, player
2 should move right. Since this yields a higher pay-
off to player 1, at node x; player 1 should move
down.

The SPE outcome would prevail by the logic of
self-interested players who always choose domin-
ant strategies. There are other behavioral possibil-
ities, however, depending on whether other
preferences or perceptions of the interaction are
applied.

If player 1 has other-regarding preferences (al-
truism, or utility from the other’s pay-off), and is
willing to incur some cost to greatly increase the
pay-off to player 2, player 1 may move right at x;.
That way, at a cost of $1, player 1 can increase
player 2’s pay-off by $6, compared with the SPE.
Thus, player 1 need have only a modest preference
for an increase in player 2’s welfare in order to
move right.

At x,, player 2 may move down, signaling to
player 1 that such a move enables both to profit,
provided that at x5 player 1 cooperates by recipro-
cating player 2’s favor. Alternatively, at x3 player
1 can defect, by choosing the dominant strategy
and moving down.

Figure 2(b) shows the tree for a punishment ver-
sion of the trust game shown in Figure 2(a). The
trees are identical except that at node x;, player
1 chooses between the cooperation pay-off and

passing back to player 2 at node x4. Now player 2
decides whether to accept the defection or, at a cost,
punish player 1 for the defection. By backward
induction, the SPE is the same in the punishment
version. The cooperation outcome can be justified
(as a Nash equilibrium) only if the threat of pun-
ishment by player 2 at node x4 is credible. But
under the anonymity conditions, with no capacity
to communicate, such a threat is not credible.

The outcome frequencies for the trust game (N =
26 pairs), and for the trust-punishment game
(N = 29 pairs) are summarized in Figure 3.

In neither game is there a single case of a player
1 choosing the altruism outcome: all choose to pass
to player 2, seeking a higher pay-off for themselves,
and being content to give player 2 a much smaller
pay-off than would be achieved by altruism.

The sub-game perfect equilibrium is chosen by
54% of the pairs in the trust game, and 55% in the
trust-punishment game. Thus, there is no signifi-
cant difference in behavior between the two games
in terms of the frequency with which players 2 offer
to cooperate by passing to players 1 at x,.

There is, however, a considerable difference in
the response of players 1 to the offer to cooperate:
only 50% cooperate in the trust game, while 85%
cooperate when facing the prospect of punishment
for defection.

s $7\ ' $7\
o 814 A o 814 A
s $8\ ' $8\
e '\ 58 | SPE e 38 SPE
f$10\ f$10\
| C C
X3  $10) X3  $10)
s 1 ~
2] 152 o
$6 x (36
$4
(3]
(@ (b)
A: Altruism
SPE: Sub-game perfect equilibrium
D: Defection

C: Cooperation
PD: Punish defection

Figure 2. Trust game trees, (a) without punishment and
(b) with punishment. At each terminal node the pay-off
to player 1 is shown above the pay-off to player 2.
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Figure 3. Experimental outcomes for the (a) trust and
(b) trust-punishment games shown in Figure 2. A total
of 26 subject pairs took part in the trust game and 29 in
the trust-punishment game. The figures beside the
arrows indicate the number of pairs following each
route through the game tree and the percentage moving
right at each decision node. The data are from McCabe
et al. (2000). Source data for larger trees have been
trimmed to eliminate rare outcomes, with commensurate
reduction in sample size (from 30 to 29 in the punishment
version).

Across the two games, why do nearly half of
the players 1 forgo the sure SPE payoff in favor
of the risky prospect of cooperation? McCabe and
Smith (2001) argue that humans are eminently
adapted for social exchange, or reciprocity among
the individuals that constitute the small groups
that form our primary networks of relationships.
We constantly trade favors, services and assistance,
with little conscious awareness of these trading
relationships that are so much a part of our human-
ity. McCabe and Smith postulate an implicit mental
accounting system for keeping track of trustworthy
trading partners. This accounting system is part
of the framework of our friendships and social
connections.

Reciprocity is a human universal, characteristic
of all cultures, as is the use of a spoken language.
Like language, the form of reciprocity varies across
cultures, but its common functionality is to pro-
duce gains from exchange. Smith (1998) argues
that reciprocity in the family, extended family,
and tribe is what ultimately led to the extended
order of cooperation through market trade. He
postulates that this proclivity for reciprocal social

exchange is so natural and instinctive that it sur-
vives even in interactions between anonymously
paired subjects in the two-person extensive-form
games described above.

This interpretation has been reinforced by many
other extensive-form game-tree experiments. Thus,
in the game shown in Figure 4, player 1 chooses
between the SPE, $10 for each, and passing to
player 2 who chooses between pay-offs of $15 and
$25 (for players 1 and 2 respectively) and pay-offs
of $0 and $40. The move frequencies for 24 pairs of
undergraduates are shown on the tree. Very similar
outcomes prevail with a group of graduate stu-
dents trained in economics and game theory
(McCabe and Smith, 1999).

Effects of Context, Repetition, and
Opportunity Costs in Trust Games

The sensitivity of cooperative behavior in trust
games to the procedural, instructional, and oppor-
tunity cost context of the experiment has been dem-
onstrated by several treatment manipulations.

‘Partners’ versus ‘opponents’

Consider two treatment variations on the trust
game of Figure 2(a): wherever the word ‘counter-
part’ is used in the instructions to refer to the other
decision maker, substitute the word ‘partner” in
one treatment and ‘opponent” in the other (Burn-
ham et al., 2000). Subjects (156 pairs in total) were
recruited in either ‘small” groups of 12 in a session
or ‘large’ groups of 24 in a session. In all sessions,
half of the subjects (6 or 12) were randomly
assigned to each of the two instructional conditions;

12(50%)

12

9(75%) (1 5]
- $25

%)
$40
Figure 4. Experimental outcomes for a simple trust game
(McCabe and Smith, 1999). A total of 24 subject pairs took
part in the game. The figures beside the arrows indicate
the number of pairs following each route though the

game tree and the percentage moving right at each deci-
sion node.
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each person was randomly paired with another
and assigned to the player 1 or player 2 role; and
the two experiments were run simultaneously
in the same room. Neither group was informed
that the other was reading slightly different in-
structions. Thus, the experimental design consisted
of two group sizes, 12 or 24, and two instructional
conditions, ‘partner’ and ‘opponent’.

Each session began with a single play of the trust
game. The subjects were then paid and informed
that they would also participate in a second experi-
ment. This second experiment used the same in-
structions except that the game was repeated for 10
periods of play. On each period of play, each
person was matched with a new person, then ran-
domly assigned the role of player 1 or 2. Each
repetition was therefore between paired strangers.
This is called ‘repeat single’” play. Repeat single
play is like single play except that the subjects
acquire experience under procedures that control
for reputation formation across successive inter-
actions.

It was found that ‘partners’ are more trusting
(players 2 move down at node x,) and more trust-
worthy (players 1 move right at x3) than ‘oppon-
ents’. (In the first single-play game, however, no
difference was observed in the frequency of trust
between the two treatments, but 68% of the ‘part-
ner’ players 1 cooperated following an offer of co-
operation, while only 33% of the ‘opponent’ players
did.)

Over time (single play followed by 10 repeat
single plays), with ‘partners’ trust increases
through the first five plays then declines, while
with ‘opponents’ trust steadily declines. Trust-
worthiness declines over time for “partners’, and
remains low for ‘opponents’. Hence, ‘partners’
learn to defect, but ‘opponents’ defect from the
beginning.

Pairs who interact in groups of size 24 are less
trusting than those in groups of size 12.

These results provide further support for the
hypothesis, based on cortical memory theory, that
context should matter. In this case, a simple two-
level variation on the language used to describe the
other person in each trial is sufficient to yield stat-
istically significant differences in trust and trust-
worthiness.

Repeat single with and without punishment
The tendency for cooperation eventually to decline
as play is repeated with distinct ‘partners’ is al-
ready suggested by Figure 3(a): of the 12 players
1 arriving at node x5, half reciprocate and half
defect. Hence, itis not profitable to offer cooperation

in the trust game, and repetition with strangers is
likely to cause a decline in cooperation, both
offered and reciprocated, across time.

In the trust-punishment game in Figure 3(b),
however, 85% reciprocate at node x;, and only
15% defect, of which half are punished. Hence, it
is profitable to offer cooperation, and it is not prof-
itable to defect. This suggests that in repetition,
using the repeat-single protocol, cooperation
might not diminish. In fact, this is the case: when
defection can be punished, the conditional prob-
ability of reciprocal cooperation by players 1 actu-
ally increases modestly across 15 periods of play
(McCabe et al., 2000).

Opportunity cost

An important implication of reciprocity theory (the
value of option ‘y’ given up by choosing ‘x’) is that
when person A chooses to forgo the SPE outcome
and offer the cooperative option to person B, the
pay-off alternatives should be such that person B
sees clearly that person A is incurring an ‘oppor-
tunity cost’ — forgoing a smaller pay-off in an
attempt to allow both persons to achieve larger
pay-offs. There should be a cost incurred in order
to gain from exchange. Failing this condition, the
basis for an exchange, or reciprocation, is com-
promised: person B would be less likely to read
clearly the intentions of person A, and person A
will anticipate that an unclear message would be
being conveyed.

Thus, in Figure 2, if instead of $8 the SPE is $10
for each player — identical to the ‘cooperative’ out-
come - the outcome frequency results should
change dramatically. This has been tested for the
trust-punishment game tree in Figure 2(b)
(McCabe et al., 2002). The effect is to increase the
frequency of the SPE outcome to about 95%. Thus,
players have no difficulty concluding that the at-
tempt to cooperate by player 2 at node x; is risky,
and will not be chosen unless there is a compen-
sating potential gain.

Another test of reciprocity is to contrast two ver-
sions of a game with the structure of Figure 4.
Version 1 is like that in Figure 4, with different
pay-offs but qualitatively the same outcomes. In
version 2, player 1 has no option to move right.
The prediction is that version 1 will yield more
cooperative outcomes then version 2. In fact, defec-
tion is twice as frequent in version 2 as it is in
version 1. The interpretation is that if nothing was
given up by player 1 — the move did not deliber-
ately forgo the pay-offs achievable at the SPE — then
player 1’s move does not constitute an ‘offer’; so
nothing need be reciprocated.
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Experimental tests of non-cooperative equilibrium
theory using anonymously paired subjects in two-
person games consistently show that people do
cooperate. Almost all subjects in the ultimatum
game offer amounts in excess of the equilibrium
predictions, and when they do offer equilib-
rium amounts their counterparts almost always
reject the offer. Similarly, in trust games, up to
half of subjects offer to cooperate at the risk of
defection; and in varying degrees, depending on
context, their counterparts cooperate at a cost to
themselves. These data cannot be explained simply
in terms of preferences — a utility for the other’s
payoff —nor can they be dismissed by the argument
that the subjects are too unsophisticated or inad-
equately motivated.

A more satisfactory model is based on reciprocity
and the human ability to communicate intentions
through actions. This ability to invoke shared-
attention, intention-detector, and ‘mindreading’
mechanisms in the brain is relevant to other obser-
vations of behavior in people impaired by frontal
lobe damage and by autism.

Autism (whose genetic basis is indicated by its
greater incidence in siblings and in identical twins)
is characterized by ‘mind blindness’, a severe def-
icitin one’s innate awareness of mental phenomena
in other people. Children with autism fail develop-
mentally to use pointing gestures to request objects
or otherwise call the attention of others to items of
joint interest. In contrast, blind children at age 3 are
aware of what ‘seeing’ is in others, and will say ‘see
what I have’. At about age 3 or 4, normal children
become aware of beliefs in others, and understand
that others can hold false beliefs. Thus, shown a
candy box, and asked what it contains, normal
children will say that it contains candy. Upon
opening the box, the child sees that pencils have
replaced the candy. The child is then asked what
the next child who comes in the room will think is
in the box. Normal children will reply ‘candy’,
whereas the majority of autistic children will say
‘pencils’ (Baron-Cohen, 1995).

Studies of autism, and of certain forms of brain
damage from accidents or surgery, support hy-
potheses that particular regions of the brain have
circuitry devoted to ‘mindreading’, an innate cap-
acity for unconscious awareness of what others
think or believe. Brain imaging studies of third-
party false beliefs in story comprehension tasks
have found activation in Broadman’s area 8 (medial
prefrontal cortex), and in other supporting regions

such as the orbital frontal cortex (Fletcher et al.,
1995). This role of Broadman’s area 8 has been
specifically corroborated by functional magnetic
resonance imaging of subjects playing trust and
trust-punishment games like those presented
above (McCabe et al., 2001). These studies compare
subjects” decision making when playing a human
counterpart and when playing computer strategies
with fixed known probabilities of moving ‘left” or
‘right’. Activation is significantly greater in the
mindreading areas when playing a human than
when playing a computer.

Thus, independent strands of research into the
internal order of the mind and the external order of
social exchange appear to be converging in support
of the hypothesis that humans are so well adapted
to personal exchange that reciprocity survives even
in anonymous interactions.
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Learning takes place in many settings, but educa-
tional institutions foster both breadth and depth of
learning. Different types of teaching make very dif-
ferent assumptions about what learning is.

INTRODUCTION

Theories of learning have been applied most often
in educational institutions. The relationship be-
tween cognitive science and education has bene-
fited both scientists and practitioners. Scientists
have used educational settings to develop and test
their theories, and practitioners have used new
knowledge about learning to design more effective
education.

Broadly conceived, education is the process of
continuing the human species. All humans are
born immature, without the knowledge and skills
they will need to function — without language,
without knowing how to use complex tools, and
so on. The species continues because adults com-
municate knowledge and skills to the next gener-
ation. This intergenerational transfer allows future
generations to build on prior accomplishments.

Thus all humans teach. Whether they realize it or
not, all teachers act as if some theory of learning is
true. Particular ways of teaching make assumptions

about what learning is. Furthermore, theories of
learning themselves rest on conceptions of human
nature. Different accounts of how people learn
assume different things about what people are es-
sentially like.

This article describes three broad theories of
learning — together with the conceptions of human
nature underlying these theories — and the types of
educational practice that have been built on these
theories. The article has two purposes. First, it is
important to recognize the theories of learning and
conceptions of human nature that underlie various
types of schooling. The article describes how typ-
ical teacher and student behavior makes assump-
tions about how learning happens. Second, as
theories of learning have developed, we have
learned that earlier theories were too simple. The
article describes how more complex accounts of
learning and human nature are needed to guide
educational practice.

BEHAVIOR
Theories of learning that focus on behavior are
called ‘behaviorist’. Behaviorists argue that

humans should not consider themselves special.
Copernicus showed that the earth was not the



