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Abstract

This paper presents experimental evidence about how individuals learn from information
that comes from inside versus outside their ethnic group. In the experiment, Thai subjects
observed information that came from Americans and other Thais that they could use to help
them answer a series of questions. Consistent with previous research, the subjects display
overconfidence in their own opinions and place too low a value on all the information that they
observe. Subjects achieve optimality, however, in how they weigh observed American infor-
mation relative to observed Thai information. The data indicates that subjects understand
that outside information has extra value because people from different groups know different
things and so have an opportunity to learn from each other. The results demonstrate the

importance of forming diverse groups to solve problems.
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1 Introduction

Consider the situation faced by an economic agent who has to make a difficult decision, such
as the one faced by a farmer who has to decide whether to start using a new variety of seeds.
When the farmer makes her choice, she may feel confident enough to make the decision without
any advice. Alternatively, she may consider the advice she received from neighbors who have
experience using the seeds. Or she may decide that she also wants to talk to someone from
outside her village, since she knows that an outsider may have a different experience. Her
ability to make the best decision will depend crucially on how much she listens to others, and
on the diversity of the opinions that she draws upon. This paper uses an experiment to explore

how effectively agents use a variety of different opinions to make decisions.

The empirical evidence from the field and the lab on how well agents use information to make
decisions is mixed. Information sharing within social networks has been shown to influence
agricultural technology adoption, health decisions, and savings behavior, but not always for
the better.! The research shows that individuals put high weight on information learned from
others within their own group and that information sharing between groups often does not
occur. Information sharing generally improves decision-making, but the lack of sharing across
groups sometimes leads groups to choose the wrong decision. In Kenya, entire villages tend to
think the same way about whether to give potentially impure water to a sick child (Dearden,
Pritchett, and Brown, 2004); even though there is a clear correct answer (to give water), many

villages choose the incorrect option. In the lab, subjects sometimes herd on the incorrect

'Foster and Rosenzweig (1995), Duflo, Kremer, and Robinson (2004), and Munshi (2004) explore how infor-
mation sharing affects technology adoption in India and Kenya. Dearden, Pritchett, and Brown (2004), Miguel
and Kremer (2004), and Munshi and Myaux (2002) describe how information sharing affects health decisions
in developing countries. Duflo and Saez (2002) investigate how communication within social groups influences

participation in retirement plans at an American university.



choice when deciding which of two urns produced a randomly drawn ball (Anderson and Holt,
1997). Both in the field and in the lab, agents are not acting irrationally. They choose actions
under the constraint that they know a limited amount of information. Increased information
sharing could improve decisions. Take the case of a family deciding how to treat its sick child.
By talking more with others from outside the village, the family might be able to break the

misinformation cycle within the village that leads them to deny water to the child.

Even when outside information is available, though, it is sometimes ignored. When outside
information is ignored, the costs are often severe. Omne stark example involves the Bay of
Pigs invasion. The Kennedy administration sought no outside advice from the CIA or State
Department, and devised a plan that ignored Castro’s popularity, the strength of the Cuban
army, and even the size of the island (Janis, 1972; Surowiecki, 2004). Another case involves
the Challenger space shuttle disaster. Decision-makers at NASA did not communicate well
enough with both internal and external engineers to call off the launch, even though indisputable
evidence showed the launch to be extremely risky (Tufte, 1990). Similarly, management at Apple
Computer isolated itself from outside information in the mid 1990s, years in which its market
share declined significantly (Landry, 1997; Burrows, 2000). Each of these examples involve
deeply flawed decisions that arise despite the availability of valuable outside information. The
mistakes occur when decision-makers incorrectly believe that they have little to learn from

others.

In other environments, recent research demonstrates that when outside opinions are heard,
agents often place high value on them. Menon and Pfeffer (2003) showed that corporate
managers usually listen closely to the advice given by independent consultants. To explain
this high valuation, the authors argue that managers increase their status more by learning

from outside knowledge compared to inside knowledge and that the flaws in outside information



are less visible due to its scarcity. Another possibility, tested in this paper, is that managers
and other economic agents who listen to outside advice appreciate the value of listening to an

independent voice. The experimental results provide support for this hypothesis.

In the experiment, Thai subjects consider opinions that come from sources with different cul-
tural backgrounds. The subjects first answer a series of general-knowledge questions that have
correct numerical answers. There are three types of questions: 1) Questions about Thailand, 2)
Questions about the US, and 3) Questions about both Thailand and the US. The subjects then
observe randomly selected answers given by Americans and by other Thais, who had answered
the same questions at an earlier date, that they can use to help revise their answers. By looking
at how subjects change their answers, the experimental design provides estimates of the weights
that subjects apply to observed American answers, to observed Thai answers, and to their own

initial answers.

I compare these weights to how a subject would behave to maximize her payments. The
data shows that, even when any one Thai answer is equally good as any one American answer,
an optimizing Thai should assign significantly higher weight to American answers than to other
Thai answers. For example, Americans and Thais are about equally good at answering the
questions about both Thailand and the US. The data shows that it is still optimal for a
Thai subject to put twice as much weight on observed American answers as on observed Thai
answers. This extra value comes from the fact that, in the data, Americans and Thais tend to
make different kinds of mistakes. When members of the same group tend to make the same
kind of mistake, an agent has more to learn from members of a different group than from other

members of her own group.

In general, the subjects appear to understand this idea, behaving optimally in how they

weigh American information relative to Thai information. Subjects achieve optimality despite



listening too little to either group. They assign too much weight to their own initial answers,
and the extent of overconfidence that I find is consistent with previous studies.? Subjects suffer
significant costs from this overconfidence, as have other subjects in a variety of field and lab

situations.?

Still, they significantly improve their performance by correctly weighing observed
American answers relative to observed Thai answers. Moreover, the experimental design makes
it possible to show that subjects appreciate not only how good each group is at answering

the questions, but also the extra value of an American’s independent perspective to a Thai

decision-maker.

Subject behavior in the experiment indicates that when agents listen to a diverse group
of opinions, they can be expected to carefully consider the available information. The issue
of concern is that those independent voices may not be heard at all, either because agents
lack access to outside information or because they choose not to seek outside advice. The
results are particularly relevant to decision-making groups. When groups are formed to make
decisions, any one individual’s overconfidence is likely to be of less importance than the group’s
collective ability to use the available information. Failures to use information effectively, such
as the Bay of Pigs invasion, show that groups make mistakes when members all think the

same way and outside sources are not consulted. For groups to make the best decisions, the

2The experimental design also makes it possible to test whether anchoring causes subjects to overweigh their
initial answers (Tversky and Kahneman, 1974). The data shows that anchoring has only a small effect on

subject behavior.

3For evidence on overconfidence from the lab, see Gigerenzer, Hoffrage, and Kleinbolting (1991), Griffin and
Tversky (1992), Camerer and Lovallo (1999), and Hoelzl and Rustichini (2005). Much of the field evidence comes
from finance, including Barber and Odean (2001), Scheinkman and Xiong (2003), and Daniel et al. (1998). Other
evidence indicates that overconfidence can be significantly reduced by making the target of comparison clearer
(Perloff and Fetzer, 1986; Hoorens and Buunk, 1993). Also, for general knowledge tests, paying subjects has
been shown to markedly reduce overconfidence (Hoelzl and Rustichini, 2005), and some research suggests that

past findings reflect ambiguity aversion more than overconfidence (Greico and Hogarth, 2004).



experiment confirms what the anecdotal evidence suggests. Groups need to access a diverse set

of information.

The results underscore the importance of forming diverse groups to solve problems. Other
research has shown that people benefit in a variety of ways from having a wide range of social
contacts. For example, knowing a diverse group of people helps with finding jobs and with
psychological wellbeing (Granovetter, 1973; Putnam, 2000). To borrow Granovetter’s term,
my results show that "the strength of weak ties" carries over to problem-solving. People have
more to learn from members of other groups than they do from members of their own group,
and their behavior shows that they understand this idea. The experimental results thus show
another consequence of the decline in social capital that Putnam (2000) describes. People

without access to a diverse group of opinions will make poor decisions.

Section 2 describes the experimental design. In Section 3, I model the process of using
information to make decisions. Section 4 contains the summary statistics that describe the
distributions of American and Thai answers to the questions. In Section 5, I estimate the weights
subjects give to the information they observe and test a variety of hypotheses that explain that
behavior. Section 6 tests the hypothesis that subjects both understand that Americans and
Thais make different kinds of mistakes and apply this knowledge to their decisions. Section 7

concludes.

2 Experimental Design

In the experiment, American students from the Massachusetts Institute of Technology (MIT)
and Thai students from Thammasat University’s Rangsit campus answered a series of general

knowledge questions. At a later date, separate groups of Thai students from Thammasat’s



Bangkok campus and from the National Institute of Development Administration (NIDA) an-
swered the same questions. These students then observed randomly selected answers, given by

the MIT and Rangsit students, which they could use to revise their answers.

2.1 The Questionnaire

The questionnaire consists of fifteen questions covering a range of topics. Thirteen of the
questions contain three distinct parts. For example, one question asks about the January tem-
perature in Bangkok, the January temperature in Boston, and the sum of those temperatures.
Another question asks for the number of Thai prime ministers since 1960, the number of Amer-
ican presidents since 1960, and the sum of those two numbers. A third question asks about the
number of Thai and American 25-29 year-olds with some university education, as well as the

sum of those two numbers. Figure 1 shows the format of the questions.

Figure 1: Format of the questions

From 1961-1990, average From 1961-1990, average Sum
daily high temperaturein daily high temperaturein
January in Bangkok January in Boston
OC + OC = OC

2.2 Stage 1: Creating a pool of American and Thai answers

In Stage 1 of the experiment, 116 introductory economics students at MIT and 130 introduc-
tory economics students at Thammasat University’s Rangsit campus answered the series of

questions. Students had 15 minutes to answer the survey. In both countries, students answered



the questionnaire at the end of introductory economics classes. In Thailand, the questionnaire

4 Each group answered the questions in the standard units

and instructions were given in Thai.
prevailing in their respective countries. For example, Americans answered temperature questions

in degrees Fahrenheit and Thais answered temperature questions in degrees Celsius.

Subjects received monetary rewards for answering accurately. For the American students,
the top three performers on the entire set of questions received $50 each and the top fifteen
performers on the individual questions received $10 each. Among the Thai students, the top
five performers on the overall questionnaire received 1000 baht (approximately $25) and the
top twenty on the individual questions received 200 baht. The additional rewards for the Thai
students reflected the larger sample size. The rewards for the individual questions were included
to ensure that students who felt they had little chance of winning the overall awards still had

sufficient incentive to try hard at answering the questions.

Subjects also completed a demographic survey before completing the questionnaire. The
American students were asked to indicate their country of citizenship and the country where they
attended high school, since some MIT undergraduates are citizens of other countries. Excluding
this group of students from the sample has a negligible effect on the distribution of answers.

Therefore, random selection of answers in Stage 2 was based on the entire set of MIT students.

2.3 Stage 2: Subjects observe American and Thai information

In Stage 2, 300 economics undergraduates at Thammasat’s Bangkok campus and master’s eco-

nomics students at the National Institute for Development Administration (NIDA) first received

4Multiple translations and re-translations by individuals who are fluent in both Thai and English, as well as

two pilots, verified the accuracy of the translation.



instructions in Thai (both read aloud and given in a packet) and then answered the question-
naire. Subjects were informed that they would receive 100 baht for participating and 20 baht
for each question that they answered within a range of the correct answer. The incentives were
intended to provide subjects with the objective of minimizing the mean-squared error (MSE) of
their answers, while keeping the instructions as simple as possible. The data shows that a sub-
ject who maximized her payments would behave in basically the same way as a MSE minimizer.
In other words, the experimental design succeeded in giving subjects the objective function of

minimizing MSE.

In Stage 2, subjects first answered all of the questions using Microsoft Excel in computer
labs at NIDA and Thammasat. They directly answered the Bangkok/Thailand and Boston/US
questions, and the sum was calculated from those answers. After all subjects answered the

questions, they received a second set of instructions.

Subjects were told that they would observe randomly selected answers from MIT and
Thammasat-Rangsit students who answered the same set of questions. Subjects could use
this information to help them revise their answers and their payments would be based on their
final answers. The randomly selected answers from other students were provided in a separate
packet. For each question, subjects saw the heading “Answers from Thai students” followed by
the Thai information, and then “Answers from American students” followed by the American
information. Payments were based on subjects’ final answers. Figure 2 shows what one group

of the Thai subjects saw for the questions about political leaders.



Figure 2: Sample of information that subjects observe

Since January 1, 1960, Since January 1, 1960, Sum
number of Thai prime number of American

ministers presidents

- + =

Answers given by Thai students
1. 15 + 1. _20 =1 _35

Answers given by American students

1. 1 + 1 _9 =1 _10
2._5 2. 7 2. _12
3. _7 3. _10 3. _17

The subjects in this group observed that one randomly selected Thai student thought the
number of Thai prime ministers was 15, the number of American presidents was 20, and the
sum was 35. They also observed that a randomly selected American student thought thought
the answers were 1, 9, and 10, respectively. A second American student thought the answers

were 5, 7, and 12; a third American student thought the answers were 7, 10, and 17.

The selection of answers that subjects observed proceeded as follows: First, I randomly
selected whether subjects observed information about the Thailand questions, the US questions,
the sum questions, or all three. In the example in Figure 2, subjects observed information about
all three types of questions. Second, I randomly chose how many Thai answers that subjects
observed (up to three). Third, I randomly chose how many Thai answers that subjects observed.
In the example in Figure 2, subjects observed 1 Thai answer and 3 American answers. Finally,
I randomly selected which Thai and American answers that subjects saw. Proceeding in this

way yielded twenty randomly selected sets of information that subjects could observe.



In total, each experimental session took approximately 50 minutes. We conducted a total
of 25 sessions: 17 at Thammasat and 8 at NIDA. Total payments averaged approximately 280

baht ($7) per subject.

2.4 Controlling for anchoring

Tversky and Kahneman (1974) show that individuals will tend to stick to a number that is given
to them, even when that number is irrelevant to the question at hand, a phenomenon they called
anchoring. In their example, an experimenter spins a wheel in front of a group of students.
Then students answer a question about the number of African countries in the UN. When the
wheel gives a higher number, students give much larger answers. In my experiment, subjects
first answer the questions and then update their answers based on what they observe. Thus,
anchoring presents a serious concern in this experiment; a subject provides her own answer that
she can anchor to and that number contains meaning relevant to the task, unlike the random

number which affects students’ answers about countries in the UN.

Due to these concerns, an additional 42 students observed information and answered the
questions without first providing their private beliefs. To test for anchoring, I compare these
students to the students in the main treatment group. Subjects in the main group may anchor
to their initial answers because they express them.” In the experimental data, a subject
who anchors would fail to sufficiently change the answer that she gives after observing new
information. If anchoring is present in the main group, the 42 subjects who do not provide

their private beliefs will choose final answers closer to the answers they observe. The data will

5 Another possibility is that subjects anchor to their private beliefs because they think about them before
they process the information they observe. The fact that subjects observe the other students’ answers at the

same time they see the question should minimize this type of anchoring.



show that anchoring has a small and statistically insignificant effect on subject behavior in this

experiment.

3 A Model of Information Aggregation

3.1 Summary statistics

Here, I describe a model of information aggregation that shows how the Thai subjects should
weigh the information they see under the assumption that they are mean-squared error (MSE)
minimizers. The model applies to each question type (Bangkok/Thailand, Boston/US, or sum)
separately. In later sections, I show that the primary results for how subjects should behave
remain unchanged under weaker assumptions than those implied by the model. Moreover, the

data confirms the validity of the assumptions.

For a question ¢, take individual 7 in group j, where the group is American or Thai, to have

2

a private signal z;;, about the correct answer for the question. The MSE, A ; for a group j for

question ¢ is then
1 N;

A, = 5 D_ (@i — Truthy)?

J i=1

where N; is the number of group j members in the sample and T'ruth, is the correct answer for
question ¢g. A group that is comparatively better at answering a question will have a lower MSE
for that question. The distributions of American and Thai answers give the MSE for Americans

and the MSE for Thais for each question q.

The group MSE can be broken down into consistent estimators for the population variance

for the group (s,

) and the squared group bias (a2

]q), where 7, is the mean answer given by



group j for question gq.

Nj N
Proposition 1 Where s, = 3 Y (20 — Tjq)* and o, = NL] Z(@q — Truth,)?, the MSE for
i=1 i=1
group j for question q can be expressed as

()

2 _ .2 2
qu = Sjg T Qg
Proof. See Appendix A.1.1 m

This decomposition reflects the fact that the total error made by the group consists of

individual and group components. The individual component, s2 , comes from the variation

Jjq

in answers given by members of the same group. The group component, a?, , comes from the

Jjq

distance between the group mean and the correct answer.

Define the fraction of a group’s MSE that comes from group bias by p,,:

2
Qg

Piq = E
For group j for question ¢, p;, captures what share of total MSE comes from the common group
bias. If individuals in group j tend to make different kinds of mistakes from other individuals
in their group, p,, will be low, as MSE will primarily be caused by individual-level variation.
If people in a group make the same kind of mistake, p;, will be high, as group bias will cause

most of the group’s MSE.

To analyze subject behavior, I focus on three parameters, averaged across questions: 1) the

2
American-to-Thai MSE ratio, Ag‘, which captures how accurately the Americans answer the
questions relative to Thais, 2) the American group bias share, p,, which captures the share of

American MSE for which group bias is responsible, and 3) the Thai group bias share, p;, which

captures the share of Thai MSE for which group bias is responsible.



a? ~
Proposition 2 Where () is the number of questions, p;, = A%jz, and ajq = Tjq — Truthy, the

maximum-likelihood estimators (MLE) for these parameters are:

E q E E
- —, p —_ — p , and p —_ — p .
AT2 Q —1 AT2q Q —1 q Q —1 a

Proof. See Appendix A.1.2 m

These three parameters determine an optimal rule for how the Thai subjects should weigh
the information they observe if they apply the same rule across questions. If the group bias share
for Americans is low, for example, then multiple American guesses would provide significantly
more information about the correct answer than a single American opinion. A high American
group bias share, however, implies that Americans tend to make the same kind of mistake;
therefore a large group of American answers contains only slightly more information than a

single American opinion.

When the American (Thai) group bias share is greater than zero, optimal behavior implies
that a subject puts a lower weight on any one piece of American (Thai) information when she
observes more American (Thai) answers. Note that an optimizing Thai subject puts lower
weight on an observed Thai answer even when she observes only one Thai answer. As a Thai

individual, she shares the same group bias with the observed Thai.

3.2 A model of subject behavior

Described here is a model of how the Thai subjects treat the information they observe. Previous
research on overconfidence suggests that a Thai subject may not treat an observed Thai answer

in the same way as her own answer. To account for overconfidence, a subject’s own perceived



MSE is modeled as a fraction ¢ of another Thai’s." Where A2 is a subject’s perceived MSE for
question g,

A%y =gy, (1)

and overconfidence implies ¢ < 1.

A standard way to measure overconfidence involves comparing a subject’s confidence inter-
val for a given quantity to what it should be (Cesarini, Sandewall, and Johanneson (2003)).
Consider as an example a weather forecaster who has to choose a 95% confidence interval for
tomorrow’s temperature. An overconfident forecaster will choose a confidence interval for to-
morrow’s temperature that is smaller than it should be. The actual temperature will be outside
her confidence interval more than 5% of the time. The modeling of overconfidence in equation
(1) corresponds to this idea. A subject perceives her confidence interval to be ¢ times the width
of another Thai’s, for any given significance level. It is also assumed that a subject perceives

her squared bias to be the same fraction ¢ of another Thai’s squared bias.

A subject who minimizes the expected MSE of her final answer will weigh information

according to her perceptions of how good Americans are relative to Thais at answering the

questions and how much of each group’s MSE comes from group bias. Her perceptions of 2_2T7
A

pr, and p, determine her behavior. The actual values of the parameters determine what she

would optimally do.”

6 Although overconfidence will lead subjects to perform less well at answering the questions, it should not
be assumed that overconfidence is irrational. Since self-esteem may lead to higher effort or increased utility,

overconfidence may well be rational (Benabou and Tirole, 2002; Koszegi, 2005).

"One possible reason that subject perceptions of different group’s abilities at answering the questions could
deviate from reality is that individuals could be overconfident not just in themselves, but in their cultural group.
Recent research suggests, that in some environments, agents are overconfident in members of their peer groups

(Healy, 2006).



Define y;, to be the final answer that individual ¢ gives after observing information about
question ¢q. For the case where subjects see n4 American answers (441 through z4,,,) and

ny Thai answers (27, through x7,,,), a subject’s objective function is:

E(MSE) = E(yi, — Truth,)®

EA\p(27g1 + o 4 Trgng) + Aa(@agr + oo+ Tagm,) + AsTig — Truthy)’

where

As = weight for own information
Ar = weight for any one piece of Thai information
Aa = weight for any one piece of American information

Assuming independence between the American and Thai group biases and that the weights
given to all information sum to one, the expressions in Proposition 2 below capture the weights
that subjects would optimally use. The expressions below define optimal behavior conditional
on any level of overconfidence. To fully minimize MSE, subjects should also choose ¢ = 1,

avoiding both underconfidence and overconfidence.

Proposition 3 The following expressions define the MSFE-minimizing weights that subjects should

use to evaluate information:

Weighing self relative to other Thais: —

|
|
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Weighing self relative to Americans: —
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Weighing Americans relative to other Thais: —

) (oo )

Proof. See Appendix A.1.3. m



Under the model, the same equations describe subject behavior, with the actual parameter
values substituted by subjects’ perceptions of these parameters. For example, consider how a
subject weighs her initial answer relative to the Thai answers she observes. As described by
equation (2), she will choose a weight ratio that depends on her perception of her own accuracy
relative to other Thais (captured by ¢) and how much group bias she perceives there to be

among Thais (captured by p;).

Equation (2) is the ratio of the self-weight to the weight for other Thais and thus the accuracy
of Thais does not matter. But group bias does matter. When p;, is high and subjects are
overconfident, the weight that subjects should put on other Thais becomes small. When group
bias accounts for more of total MSE, an overconfident subject puts more trust in her reading
of the joint Thai information than in another Thai’s. If ¢ = 1, the subject is not overconfident

and she puts equal weight on herself and any other Thai.

Equation (3) is the ratio of the self-weight to the weight subjects should put on observed
Americans when ny = 0. Subjects should put more weight on Americans when Americans are
more accurate, a situation that corresponds to a low %2; value. When c is low, subjects put less
weight on American answers, since subjects perceive themselves to be better at answering the
question. When p, is high, subjects should treat each additional American answer after the first

as providing little added value. Dividing each side by n4 gives the optimal ratio of own-weight

to the total weight given to all American information.

As - A_?“ 1_pA+p_A
NAMA A2, cna c

This equation shows more clearly that when p, is high, subjects should put less weight on each

American answer when they observe more of them.

Equation (4) gives the weight ratio that subjects should assign to an American answer relative



to an observed Thai answer. Not surprisingly, subjects should put higher weight on American
information when A? is low relative to AZ%. Also when p, is low and p; is high, subjects should

put higher relative weight on American information.

The overconfidence parameter enters the expression in a second-order way through the cpZn
term. For reasonable values of p,, overconfidence has a small, but noticeable, effect on the
relative weight ratio that subjects should use for American versus Thai information. When
overconfidence is high (¢ is lower), subjects put more relative weight on Americans because an
overconfident subject trusts her perception of the common Thai information for a given question
more than another Thai’s perception. Another way to think of this idea is that overconfident
subjects already put high weight on Thai information through the high weight they give to
themselves. A Thai who is overconfident but otherwise rational will then put higher weight on

observed Americans than on observed Thais.

Notice also that increases in p4 only cause subjects to put less weight on individual American
answers when n,4 is greater than one, but increases in p; cause subjects to put less weight on
observed Thais even when only one Thai is observed. When one Thai is observed, there are two
Thai answers to consider: a subject’s own answer and the one she observes. As a result, the
Thai group bias term enters (4) when ny = 1, but the American group bias term only enters

when ny > 1.

The experimental data on how subjects update their answers provide estimates of the actual
weights that subjects use. While the experiment does not directly observe subjects’ perceptions
of 2—?, pr, and py, the following sections show how subject behavior makes it possible to test a

A

variety of hypotheses relating to subjects’ implicit perceptions.



3.3 A check on the optimal weights

To supplement the model in the previous section, I also estimate the optimal weights that
subjects should use by regressing the correct answer to the questions on a subject’s initial
answer, the average of the American answers she observes, and the average of the Thai answers
she observes. The regression by definition minimizes the MSE. Checking how closely these
estimates of the optimal weights match the model’s estimates provides a test of the model’s
applicability. The model’s usefulness derives from making it possible to separately analyze the

effects of overconfidence on subject behavior.

Included in the regression are question dummies for the three categories of questions: meteo-
rology, economics/politics, and social /cultural questions. I run the regressions separately for the
cases where subjects observe information for the Bangkok/Thailand questions, the Boston/US
questions, and the sum questions. To run the regression that estimates optimal behavior, I
first standardize the data to make it possible to compare answers across questions. The data

appendix, Appendix A.2, describes how I standardize the data.

Where
Truth, = (standardized) correct answer for question g,
r;; = (standardized) initial answer given by subject ¢ for question g,
Tiaq = (standardized) average observed American answer for question g,
Zirq = (standardized) average observed Thai answer for question g,
C, = vector of dummy variables for question category for question ¢,

the regression equation is

Truthy = asTig + @ ATiaq + ATTiTg + CZ;% + €iq (5)



Relying only on a linearity assumption, this regression estimates the average weights that
subjects should use to minimize their mean-squared error. I discuss the results from estimating
(5) in Section 5. As described there, I also include terms that account for the number of
American and Thai answers that a subject observes and different relative American-to-Thai
accuracy for different questions. To estimate how subjects actually weigh information, I replace

Truth, in (5) with the subjects’ final answers to the questions.

4 Summary Statistics

The data shows that, across questions, Thais tend to make one kind of mistake and Americans
make their own kind of mistake. This group bias means that American information contains
extra value for a Thai subject. As an example of what the data looks like, Figure 3 shows
kernel density estimates for the Thai and American answers for the questions about January
temperature in Bangkok and Boston. Panel 1 shows that Americans have a mean of 20°C' for
the Bangkok temperature (truth=32°C") and Panel 2 shows that Thais have a mean answer of

20°C' for the Boston January temperature (truth=2°C).



Figure 3: Kernel density estimates for American and Thai answers about January temperature

Panel 1: January temperature in Bangkok Panel 2: January temperature in Boston
(Correct answer = 32°C) (Correct answer = 2°C)

0.07
0.06
0.05 1
[ Thaj density 0.04 1 <
e===US density 0.03 e===JS density

0.02 1
0.01
T y T T 0
0 10 20 30 40 50 -10 0 10 20 30 40

High daily January temperature in Bangkok High daily January temperature in Boston

Density

Panel 3: Sum of January temperatures

(Correct answer = 34°C)
Notes:

(1) Epanechnikov kernel estimates
with optimal bandwidth selection

0.035
0.03
0.025 A
0.02 1
0.015 +
0.01 4
0.005
0

(2) Vertical lines correspond to
the correct answers

e Thai density
e===US density

Density

-10 10 30 50 70 90
Sum of Bangkok and Boston temperatures

It is important to note that other questions show a different pattern than the question
about January temperature. For other questions, the Americans average is not as close to the
correct answer to the US question and the Thai average is not as close to the correct answer to
the Thailand question. Also, for some questions, the American and Thai averages for the sum
question are either both above or both below the correct answer. The extra value of information
from the other group is thus not an artifact of the experimental design. Thais have more to
learn from Americans than from other Thais because, across questions, the American and Thai
answer distributions are in different places. In other words, Americans and Thais make different

kinds of mistakes and this fact creates an opportunity to learn from the other group.

Across questions, the data provides estimates of the average Thai-to-American MSE ratio for

o~

each of the three types of questions. For the questions about Thailand, 2—? is 0.517, meaning that
A

the expected squared distance between a randomly selected American answer and the correct



answer is about twice as large as the expected squared distance between a randomly selected
Thai answer and the correct answer. I will describe this kind of result as Thais being twice
as accurate as Americans for the questions about Thailand. Table 1 summarizes the relative
Thai-to-American accuracy for each of the three question types. The estimates in Table 1 come
from the 116 Americans and the 430 Thais who either never observed anyone else’s answers or

who answered the questions before observing other subjects’ opinions.®

Table 1: Relative accuracy of Americans and Thais

Tha ME Tha MSE
Question type ThaME + USMSE US MSE
(2) 2)

Type 1 (Questions about Thailand) 341 517

(.008) (.018)
Type 2 (Questions about US) 755 3.086

(.013) (.216)
Type 3 (Questions about the sum) .565 1.299

(.01 (.052)

Note: Bootstrapped standard errorsin parentheses

Consider the second column in Table 1. Thais have about one-half the MSE of Americans
for the Thai questions. Americans are three times more accurate for the questions about the
US, and about 1.3 times more accurate for the sum questions. These ratios exactly describe
the weights that a subject should use if group bias did not matter. For the sum questions, for

example, a subject should put 1.3 times more weight on any observed American answer than

8Thai subjects were informed that the answers they observed came from MIT students and Thammasat-
Rangsit students. So if subjects had different perceptions about Thammasat-Rangsit than the universe of all
Thai subjects in the experiment, it would be appropriate to use only the 130 Thai students from Stage 1 to
calculate variances and correlations. Limiting the calculations to the Stage 1 students has almost no effect, and

certainly no significant effect, on the estimated variances and correlations.



she puts on any Thai answer. The data will show that group bias means that a subject should

actually put about 2.2 times more weight on American answers than on Thai answers.

The experimental design also enables me to estimate the share of group bias in total MSE
for each question type, both for Americans and for Thais. The group bias share expresses what
share of the mistakes that subjects make can be attributed to the common group error. Table 2
displays the estimated group bias shares for each question type. Column (1) contains estimates

of p; and column (2) contains estimates of p, for each question type.

Table2: Group effectsfor Americansand for Thais

Estimated Thai Estimated American
Question type group bias share group bias share
@ @)

Type 1 (Questions about Thailand) 234 .307

(.066) (.056)
Type 2 (Questions about US) .362 227

(.088) (.063)
Type 3 (Questions about the sum) .336 277

(.081) (.062)

Note: Bootstrapped standard errorsin parentheses

Table 2 shows that each group’s bias share is higher for the question types that the group
knows less well. For Thais, group bias is responsible for the smallest share, 23%, of total MSE
for the Bangkok/Thailand questions and the largest share, 36%), for the Boston/US questions.
In contrast, the group effect is responsible for the smallest share of total American MSE for the
Boston/US questions and the largest share for the Bangkok/Thailand questions. For example,
Thais make small errors about the average high daily January Bangkok temperature and the

group effect causes a small share of that error. On the other hand, Thais make much larger



errors for the January Boston temperature, and a larger share of their mistakes comes from
the fact that the group mean for Thais is 20°C'. As I show in Section 6, the fact that Thai
group bias is biggest for the Boston/US questions and American group bias is biggest for the
Bangkok/Thailand questions has important implications for how a subject would optimally

behave when she sees information for the sum question only.

In summary, the answer distributions show significant group biases for both Americans and
Thais. The presence of Thai group bias means that American answers have extra value to a
Thai subjects. An optimizing Thai subject needs to account for group bias when deciding how

to weigh the American opinions she observes compared to the Thai opinions she observes.

5 Estimating subject behavior

5.1 Regression estimates

A simple regression provides the weights that subjects give to the information they observe
and to their own private beliefs. This involves regressing subjects’ final answers after observing
information on the initial answers they gave before observing information, the American answers
they observe, and the Thai answers they observe. If subjects increase (decrease) their answers
more in response to high (low) observed American answers than to high (low) observed Thai
answers, the regression will estimate that subjects assign a higher weight to the American

answers.

The following regression estimates the average weights that a subject puts on American



answers (3 ,), other Thai answers (31), and her own initial answer (3,). Where

Yiq, = (standardized) final answer given by subject i for question g,

r;; = (standardized) initial answer given by subject ¢ for question g,
Tiag = (standardized) average observed American answer for question g,
Zirq = (standardized) average observed Thai answer for question g,

C, = vector of dummy variables for question category for question ¢,

I estimate the following regression equation:

Yig = BsTig + BaTing + BrTirg + C3, + i (6)

Optimal behavior implies that a subject chooses different weights for the American and
Thai average when she observes different amounts, n;4 and n;r, of observed American and
Thai information. When a subject observes more American answers, a higher weight should be
assigned to the American average since it contains more information. A high American group
bias share, though, means that there is less new information in each additional American answer
and that a subject should put less weight on each individual American answer when she sees
more of them. To see how subjects actually do change the weights they give to information

depending on how much they observe, I include terms to account for this in the regression.

In addition, if subjects have some knowledge of the group MSEs for individual questions, they
will apply higher weight to American information for those questions that Americans answer
better relative to Thais. To see if subjects behave this way, the regression can also be expanded
to include a term that captures relative group accuracy across questions. Details and results

for all the specifications that I consider are contained in Appendix A.2.°

The basic results for the three types of questions are summarized in Table 3.

°T include the cases where individuals see answers for all three types of questions in the regressions for the



Table3: Summary of estimated weights

Actua weight Thailand questions US questions Sum questions
©0) @) ©)

Own initial answer .653 464 731
(.016) (.02) (.019)

Thai average .238 .09 .068
(.02) (.03) (.02)

US average .056 463 .165
(.012) (.019) (.024)

N 1008 1053 557

Note:

(1) Regression standard errors are in parentheses.
(2) These estimates come from the regressionsin columns 1, 5, and 9 of Table Al.

For the Bangkok/Thailand questions, subjects put a weight of 0.653 on their private beliefs,
0.238 on the observed Thai average, and 0.056 on the observed American average. Thus, the
model estimates that subjects assign 4.2 times more weight to the observed Thai answers than
to American answers for the Bangkok/Thailand questions. When subjects observe information
about the Boston/US questions, they assign approximately 5.1 times more weight to American
answers than to other Thai answers, choosing 0.464 as the weight for their initial answers, 0.090
for the weight given to observed Thai answers, and 0.463 for the weight given to observed Ameri-
can answers. When subjects observe answers for the sum question, the regression estimates that

they assign 2.4 times more weight to American answers than to observed Thai answers, giving

Thailand and US questions. One possibility is that there are spillovers across question types when subjects
observe all answers for all three types of questions. For example, a subject who sees an American who answers
well for the Thailand question may put more weight on that American for the US question. Testing for this

possibility generally produces insignificant results. Details are available upon request.



estimates of 0.731 for the own-weight, 0.068 for the Thai weight, and 0.165 for the American

weight.

The results (shown in Table Al in the Appendix) also indicate that subjects account for
different group accuracies across questions. For all three types of questions, subjects put signif-
icantly more weight on American information for those questions on which Americans perform
relatively better. For the Bangkok/Thailand questions, an increase of 0.1 in the accuracy index
(Thai MSE divided by the sum of American and Thai MSE) causes subjects to increase the
weight given to American answers by 0.02. Given that subjects assign a weight of 0.058 to

American answers, this represents a substantial increase.

It may seem surprising that subjects are able to appreciate the accuracy of Americans relative
to Thais for individual questions. That they do is perhaps less surprising when the individual
questions are considered. Relative to American answers, Thai answers are much more accurate
for the question about temperature in Bangkok than for the question about female-labor force
participation in Thailand. It seems reasonable to expect that the subjects would understand
that it takes individual experience in Bangkok to know the weather there, but there may be
more general knowledge involved with making an educated guess about labor-force demograph-
ics. Therefore, the Thai subjects may and apparently do put higher relative weight on Thai

information for the question about Bangkok weather.

5.2 Anchoring

As discussed earlier, anchoring presents a major concern in this experiment. Subjects may
adhere more closely to their initial answers because they express them. To test for this, a

treatment group of 42 students observed randomly selected answers from Americans and Thais



without first providing their private beliefs about the answers to the questions. These subjects
observe one of the same twenty sets of information that the subjects in the main group observe.
By comparing subjects in the anchoring group to subjects in the main group who see the same
information, I can test for anchoring. If subjects anchor to their private signals when they
reveal them, the subjects who do not reveal their private signals will choose final answers closer

to the answers they observe.!’

To test for anchoring, I consider the following regressions:

(Yig — @qu = OirAnchor; + Version., Oor + Eig (7)

(Yig — E,-Aq)Q = O1aAnchor; + Version; 024 + €iq, (8)

where Anchor; is a dummy that is one if the subject belongs to the anchoring treatment group
and zero otherwise. Version;, is a dummy that is one if subject i observed version v out of
the 20 possible sets of randomly selected information. Including the version dummies creates a
direct comparison between subjects in the anchoring group and subjects in the main group who

observed the same information.

The first (second) regression looks at the distance between subjects’ final answers and the
Thai (American) answers they observe. If subjects in the main group anchor, then the following
two conditions should hold: 6,7 < 0 and #;4 < 0. These conditions state that subjects who do
not provide their private beliefs before observing answers end up closer to those answers than
subjects who answered the questions on their own first. Table 5 shows that the coefficients are

always close to zero. The estimates are insignificant except for the distance between subjects’

10 Another way to test for anchoring involves looking at whether or not subjects in the anchoring group do
better at answering the questions than the students in the main group because these 42 students do not suffer the
losses associated with anchoring. On average, subjects in the anchoring treatment group appear to do slightly

better, but the difference is not significant.



answers and the American average they see for the Boston/US questions.

The first three entries in column (1) of Table 4 come from running regression (7) for each of
the three types of questions and the last three entries in column (1) come from running (8) for
each of the three types of questions. The results indicate, for the questions about Thailand,
that the squared distance between subjects’ final answers and the Thai average they observe is

.013 units lower for subjects in the anchoring group than for subjects in the main group.

Table4: Effect of anchoring on distance from observed information

Independent variable: Dummy for anchoring treatment group
Average squared
distance for subjects
Effect of not having not in the anchoring

a chance to anchor group
(€) &)

A. Dependent variable: Squared distance

from average of observed Thai answers

Questions about Thailand -.013 .827
(.021) (2.773)

Questions about the US -.051 1.798
(.065) (323

Questions about sum -.026 175
(.049) (3.585)

B. Dependent variable: Squared distance

from average of observed American answers

Questions about Thailand .042 1.716
(.078) (2.571)

Questions about the US -.046 1.378
(.022) (2.945)

Questions about sum -.049 1.781
(.07) (3.314)

Note:
For column (1), the robust regression standard errors are reported in parentheses.
For column (2), the standard deviation isin parentheses.

To put the regression coefficients into perspective, column (2) in Table 4 shows the average



mean-squared distance from of subjects’ final answers from the observed Thai or American
average for the 300 subjects who were not in the anchoring group. Since the data has been
standardized, the standard deviation for each question is one. The table indicates that, on
average, subjects in the main group choose final answers that are 1.835 standard deviations from
the observed Thai average for the US question. The regression estimates that the students in
the anchoring group choose final answers that are .051 standard deviations closer to the observed
Thai average than the main group. In other words, compared to subjects in the main group,
subjects who do not have the chance to anchor choose final answers that are about % =3%
closer in squared distance to the observed Thai average. In general, the results in Table 5 follow
this pattern. Subjects who are not given the chance to anchor end up insignificantly closer to

the answers they observe than other subjects who answer the questions first and observe the

same information. Anchoring has a small and usually insignificant effect on subject behavior.

6 Tests for optimal behavior

6.1 Estimated optimal weights

As discussed in Section 3.3, regressing the correct answers to the questions on subjects’ initial
answers, the average observed American answer, and the average observed Thai answer gives
estimates of the optimal weights subjects should use. Table A2 in the Appendix shows in detail
the optimal weights obtained in this way for all three types of questions. Panel A of Table 5

summarizes the main results.



Table5: Estimating the optimal weights

A. Estimates from regression with the correct answers as the dependent variable

Optimal weight Questions about Thailand Questions about US Questions about sum
(1) 2 3
Own initial answer 292 .063 179
(.021) (.017) (.026)
Thai average 458 115 .250
(.023) (.02 (.024)
American average .250 .822 571
(.018) (.016) (.026)
Notes:

(1) Regression standard errors are in parentheses.
(2) These estimates come from the regressionsin column 1, 5, and 9 in Table A2.

B. Estimates from the econometric model

Optimal weight Questions about Thailand Questions about US Questions about sum
) @ (©)
Own initial answer .258 .100 154
(.007) (.008) (.009)
Thai average 458 174 332
(.014) (.015) (.02)
American average .284 .726 514
(.021) (.024) (.028)
Notes:

(1) Bootstrapped standard errors are in parentheses.
(2) These estimates come from the parameter estimates described in Tables 1 and 2.

For the Bangkok/Thailand questions, an optimally-behaving subject would put a weight
of 0.292 on her private belief, a weight of 0.458 on the observed Thai average, and a weight
of 0.250 on the observed American average. For the Boston/US questions, subjects would
optimally choose a weight of 0.063 for their initial answers, 0.115 for the observed Thai average,
and 0.822 for the observed American average. For the sum questions, the regression estimates

that a subject should choose 0.179 for the self weight, 0.250 for the weight given to observed



Thai answers, and 0.571 for the weight given to observed American answers. Notice that these
regression estimates of optimal behavior do not account for overconfidence. These are the

weights that a subject should use assuming overconfidence is not present.

The model described in Sections 3.1 and 3.2 provides a different way to estimate the optimal
weights that a subject should use. These estimates come from substituting the estimates of the
American-to-Thai MSE ratio, the American group bias share, and the Thai group bias share
into equations (2), (3), and (4). These estimates were reported in Tables 1 and 2. Panel B
of Table 5 displays the econometric model’s estimates of the optimal weights subjects should

apply given that subjects do not show overconfidence (¢ = 1).

For the Bangkok/Thailand questions, a subject should apply a weight of 0.258 to her initial
answer, 0.459 to the Thai average she observes, and 0.284 to the American average she observes.
For the Boston/US questions, the corresponding weights are 0.100, 0.174, and 0.726. For the
sum questions, the model estimates that a subject would optimally choose 0.154 for the self-
weight, 0.332 for the weight given to observed Thai answers, and 0.514 for the weight given to

observed American answers. Bootstrapping gives the standard errors for these estimates.

For all three types of questions, the regression’s estimates of the optimal weights (Panel A)
and the econometric model’s estimates (Panel B) in Table 5 match closely and equality cannot
be rejected. The close correspondence between the estimates provides additional evidence
supporting the importance of accounting for group bias in determining optimal behavior. If,
in the model, the group bias shares p, and p, are assumed to be zero, the hypothesis of
equality between the two sets of estimates of optimal behavior is rejected for all three types of
questions. In other words, the regression estimates of optimal behavior in Panel A account for

the implications of group bias for how the Thai subjects should behave.



6.2 Construction of confidence intervals

Simulations using the regression coefficients from (6) give a confidence interval for g—;{, the weight
ratio that expresses how subjects actually weigh American compared to Thai information. Also,
the distributions of Thai and American answers make it possible to generate confidence intervals
for ways in which subjects could be behaving. I focus on two such confidence intervals: 1) the
simple weight ratio, which expresses the relative weight a subject would use if she understood
each group’s accuracy but ignored group bias, and 2) the optimal weight ratio described in
equation (4) of Section 3, which expresses how a subject would behave if she correctly perceived

each group’s accuracy and accounted for group bias.

To summarize, I focus on the following three weight ratios:

Ba
Actual = ==
Br
: AZ
Simple = <A—£)
A2 1+ (ngp — 1)pyp — cp2nr
Optimal = <—T) ( T T )
A% ) N+ (na—1)pa)(1 = pr)

The regression estimates of how subjects behave give a confidence interval for the actual
weight ratio that subjects use for all three types of questions. The parameter estimates in
Tables 1 and 2 give confidence intervals for the simple weight ratio and for the optimal weight
ratio for any value of the overconfidence parameter c. Table 6 reports these confidence intervals
for each of the three question types. The p-values in the table correspond to tests that I describe

in the next subsection.



Table6: Comparing how subjectsrelatively weigh American and Thai infor mation

Thailand questions US questions Sum questions
1) 2 3
Actua weight ratio 231 5.143 249
95% confidence interval (:131,.352) (3.144,15.17) (1.45,5.366)
Simple weight ratio 517 3.086 1.299
(.477,.554) (2.737,3.577) (1.205,1.406)
p=0.000 p=0.065 p=0.017
Optimal weight ratios for
different overconfidence levels
No overconfidence 571 4.423 1.843
(.475,.694) (3.467,5.63) (1.466,2.332)
p=0.000 p=0.622 p=0.346
Estimated overconfidence .603 5.043 2.168
(.476,.773) (3.635,7.345) (1.597,3.136)
p=0.000 p=0.979 p=0.75

Notes: (1) Bootstrapped 95% confidence intervals are in parentheses.
(2) The bootstrap for the actual weights accounts for correlation in the coefficient estimates.
(3) p-values compare the given weight ratio to the actual weight ratio.

The optimal weight ratio increases as overconfidence increases.

As discussed earlier, an

overconfident subject already puts high weight on Thai information by assigning a high weight to
her own beliefs. To compensate for this extra weight on Thai information, an overconfident but
otherwise optimizing subject will put more weight on observed Americans relative to observed
Thais. Even for very large overconfidence, though, the direct effect of group bias on the optimal
weight ratio is larger than the effect of overconfidence. Consider the Boston/US questions. With
no overconfidence, the presence of group bias causes the optimal weight ratio to increase from
3.09 to 4.42. Increasing overconfidence to the level seen in the data causes the optimal weight

ratio to further rise to 5.04.!

U Estimating the overconfidence parameter, ¢, involves estimating a non-linear model. Specifically, for each

of the question types, if it is assumed that p, = pr and c is allowed to be a function of n;4 + n;r, then the



To summarize, the data on how subjects use the information they observe to update their
answers give confidence intervals for the ratio that subjects use to weigh observed American
information relative to observed Thai information. The Thai and American answer distributions
for the series of questions gives confidence intervals for the optimal weight ratio that subjects
should apply. The data provides these estimates of optimal behavior, conditional on any amount

of overconfidence.

6.3 Testing behavioral hypotheses

By looking at how subjects revise their answers, I can test a variety of hypotheses relating to
subjects’ perceptions about how accurate American and Thai answers and the extent of group
bias for each group. To start, consider the hypothesis that subjects correctly perceive the
accuracy of Thais relative to Americans, but ignore group bias. Call this the hypothesis Hj.

Under this hypothesis, subject behavior will reflect the following perceptions:

A2 A
H, : ' e erceived — 07 erceived = 0 .
’ ( AE& ) perceived (AIQ“ ) ’ (pT>p ’ (pA)p '

Under Hy, subjects will choose

Ba _ (A7
5y \B%) ©)
Br A
Rejection of the prediction (9) implies rejection of H.
The second row of Table 6 displays the results of this test for all three types of questions.

For the Bangkok/Thailand questions and the sum questions, we can reject this hypothesis at

the 5% level (p = 0 and p = 0.017, respectively). For the Boston/US questions, we can reject

overconfidence parameters ¢(n;4 + n;7) can be estimated. The standard error bounds for the overconfidence
estimates are large. The estimated value of the overconfidence parameter c falls in the range between 0.25 and

0.5, on average. Details and regression results are available upon request.



it at the 10% level (p = 0.065). We reject the hypothesis for the Bangkok questions due to
subjects choosing too low a weight for American answers relative to Thai answers. It is rejected
for the Boston/US and sum questions due to subjects relatively overweighing American answers.
For all three types of questions, subjects do not correctly perceive how accurate Americans are

relative to Thais while at the same time failing to recognize the presence of group bias.

Now consider the hypothesis of optimal behavior, Hy:
2 2
Hy: <2—£)p6mm8d = (%) ) (pT)perceived = Prs (pA)percei'ued = pPa
This hypothesis states that subjects correctly perceive the MSE of Thais relative to Americans
and also correctly account for group bias. Under H;, subjects understand each group’s accuracy
and correctly value the independence in American information. Compared to a subject who
behaves according to Hy, a subject who behaves according to H; will put more weight on

American answers because she appreciates the value of an American’s independent perspective.

Under H;, subjects will choose the optimal weight ratio

= (30 (e o) "

Table 6 displays the results of the above test for a variety of possible values of the overconfidence
parameter. For the Bangkok/Thailand questions, H; is rejected. For all values of overconfidence,
the test gives a p-value of nearly zero. Thais put too little weight on American answers in this
case, the one in which they need the least help at answering the questions. On the other hand,

for the Boston/US and sum questions, we cannot reject H; for any level of overconfidence.!?

12Tt is interesting that the Thai subjects fail to use the optimal relative weights only for the questions about
Bangkok or Thailand. They should put a high weight on observed Thais compared to observed Americans,
but they choose an even higher relative weight than they optimally would. Given that subjects use the optimal

weights for the sum questions, which include the Thailand questions, it seems that the Thailand heading causes



For ¢ = 1, the optimal weight ratio estimates are 4.42 and 1.84, compared to the actual weight

ratio estimates of 5.14 and 2.49. Tests of equality give p-values of 0.622 and 0.346, respectively.

Now consider the optimal weight ratios for the Boston/US and sum questions when overcon-
fidence is taken into account. Given the value of ¢ implied by subject behavior, the actual and
optimal weight ratios match up remarkably closely in these two cases. For the Boston/US ques-
tions, the optimal weight ratio estimate is 5.04 and the actual weight ratio estimate is 5.14. The
test for equality between the two, not surprisingly, gives a p-value of nearly one (p = 0.979). For
the sum questions, the actual weight ratio estimate is 2.49, compared to the optimal estimate
of 2.17. The test for equality gives a p-value of 0.750. In summary, individuals who display
the same amount of overconfidence as the subjects in the experiment would optimally weigh
American answers relative to Thai answers in a very similar way to how the subjects actually

behave.

Biased behavior, however, could still explain subject behavior for the Boston/US and sum
questions.  Under this hypothesis, Hs, subjects perceive Americans to be better than they

actually are compared to Thais and they ignore group bias:

A2 AV
Hy : . > L erceived — 0 erceived — 0
? (A124 ) perceived (AE& ) ’ (pT)P ! ’ (pA)p ¢

Under H;, subjects put extra weight on American information because they understand the
extra value in American information that comes from the fact that Americans and Thais make
different kinds of mistakes. Under H,, subjects put extra weight on American information

because subjects incorrectly perceive American answers to be better than they really are.

The experimental design can distinguish between H; and H,. Subject behavior on the sum

question gives a direct test of the hypothesis that subjects ignore group bias for any perception

subjects to underweigh American information. In other words, only when the question is clearly about a Thai’s

area of presumed expertise do the subjects listen too little to Americans.



2
of <%>, how accurate Americans are relative to Thais. By looking at how subjects who
A
observe answers only for the sum question update their answers for both the Bangkok /Thailand
and Boston/US questions, it is possible to test the hypothesis that subjects ignore group bias

when choosing their final answers.

To explain this test, I expand the earlier notation that applied when each question type was

considered separately. Define:

pjr = group bias share in total MSE for group j for question type k

A?k = mean-squared error for group j for question type k .

For example, pp, is the group bias share in total MSE for Thais answering the Boston/US

questions.

Consider the case when a subject uses observed answers for the sum question to update her
answer for the Bangkok /Thailand questions. A subject updates her answer for a Bangkok /Thailand
question based on her initial answer for a Bangkok /Thailand question and the distance between
the answers she observes for the sum question and her initial answer for the sum question. When
a subject observes answers above her own for the sum question and uses them to update her

answer, she is likely to revise upwards her answer for the Bangkok/Thailand question.

Define (2—;) to be the weight ratio that subjects assign to American answers relative
hai

to Thai answers to the sum question when they update for the Bangkok/Thailand question.

¢

Analogously, define (—?) < to be the weight ratio that subjects assign to American answers
U

¢

relative to Thai answers to the sum question when they update for the Boston/US question.

Consider the following proposition:

Proposition 4 If (p;,) — (pTa)perceived = 0, then a subject will choose (d)—f‘) i T
Thai

or

perceived



Proof. See Appendix A.1.4 m

Proposition 4 refers to a subject who implicitly perceives there to be no group bias for
both the Bangkok/Thailand and Boston/US questions. When observing information about the
sum question, this subject will use the same weight ratio to update for the Bangkok/Thailand
questions as she uses to update for the Boston/US questions. Consider the hypothesis, Gy, that

the perceived group bias shares are zero.

GO : (th)perceived = (pTa)perceived =0

This hypothesis states that subjects ignore Thai group bias for Thais for both the Thai and US
questions. Notice that GGy encompasses Hy, the hypothesis that subjects perceive total MSE
correctly and ignore group bias, and H,, the hypothesis that subjects perceive Americans to
have lower MSE relative to Thais than they actually do and ignore group bias. Rejection of G

means we must also reject H.

Under Gy, subjects will choose

().~ (3).. @

The left-hand side of (11) represents the weight ratio subjects use to relatively weigh American
and Thai answers for the sum question to revise their answers for the Thailand questions. The
right-hand side of (11) represents the analogous ratio that subjects use to update for the US

questions. Rejection of the equality in (11) would imply rejection of Gy.

The following two regressions give the parameter estimates needed to conduct the above test.

The first equation expresses the change in a subject’s answer for the Thai question (subscript



t) as a function of the distance between the average observed American answer for the sum
question and her own answer for the sum question (subscript s) and the distance between the
average observed Thai answer for the sum question and her own answer for the sum question.
The second equation expresses how subjects update their answers for the US question after

observing information relating to the sum question.

Where
Vi = final answer given by subject ¢ to the Thai part of question g,
Tix = initial answer given by subject ¢ to the Thai part of question g,
Yiqa = final answer given by subject i to the US part of question g,
Tiqa = initial answer given by subject ¢ to the US part of question ¢,
Tiqs = initial answer given by subject i for the sum part of question g,

the regression equations are:

Yigt — Tigt = DA Thas (Tiags — Tigs) + OT Thai (Tirgs — Tigs) + Cc,ﬁbl + Eigt (12)

Yiga — Liga = ¢A,US(EiAqs — Tigs) + ¢T,US(Eiqu — Tigs) + C;% + Eiqu (13)

Table 7 reports the results from estimating equations (12) and (13). Notice that (%—A> =
Thai

T
% = 1.34 and (g—;)US = % = 2.79. The regression results provide the inputs needed to
test (11). We can reject (11) at a 10% level (p = 0.058). At a 10% level, we reject Gy, the
hypothesis that subjects fail to take group bias into account, regardless of how they perceive

American and Thai accuracy.



Table7: Subject updating for the Thai and US questions when they see answersfor the sum

Dependent variables: (1) Final answer for Thai question
(2) Final answer for US question

Regression weights Thailand questions US questions
(€ 2

fr = Distance between observed Tha average .056 .081
and initial answer (for sum question) (.013) (.019)

A = Distance between observed American average .075 .226
and initial answer (for sum question) (.014) (.022)

: gLA'Q - ?AQ

p-valuefor testof - xf o fT s 0.058
N 548 544
Notes:

(1) Regression standard errors are in parentheses.
(2) Regressionsinclude dummies for question categories (meteorology, economic/political, and social/cultural).

In contrast, correctly accounting for group bias would lead subjects to behave in a way
that accords with how they actually behave. If the perceived group bias share for Thais for
the Boston/US questions (pr,) is greater than the perceived group bias share for Thais for the
Bangkok /Thailand questions (p,), then subjects will put a higher relative weight on observed

Americans for the US questions than for the Thailand questions. The proof of Proposition 4

2,
Pra = Pre = (¢T Thai = b1/ s

To understand the intuition, consider a subject updating her answer for the Bangkok /Thailand

demonstrates that:

question after observing answers for the sum question. If Thai group bias for the Bangkok /Thailand

questions (pr,) is high, she should put less weight on Thais relative to Americans for the same



reasons seen earlier; group bias means each additional Thai answer contains less new informa-
tion. On the other hand, if Thai group bias for the Boston/US questions (pr,) is high, she
should put higher weight on observed Thai answers for the sum question. When p;, is high,
Thai subjects have a better idea of what other Thai answers about the sum mean for what those
observed students believe about the Thai question. For example, if p,, were equal to one, all
Thais would give the same answer to the US questions. Then, a subject could exactly deduce
the observed individual’s private belief about the Thai question from her answer to the sum

question.

The data shows that the effects of group bias can explain how subjects actually weigh

the information they observe. If subjects applied the estimated actual variance estimates and

estimated actual group bias shares from Tables 1 and 2, they would choose (f—f‘> = 1.51 and
That

T
(%—A> o= 2.53. Figure 4 shows how the optimal weight ratios for the two types of questions
/U
vary as a function of p,, holding the other parameters constant at their estimated values. The
graph shows that, when updating their answers for the Bangkok/Thailand questions, subjects

should put less weight on observed Americans answers to the sum question and more weight on

observed Thai answers when p;, is high.



Figure 4: Optimal behavior when information for the sum question
is observed
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In summary, the earlier results showed that subjects used approximately the optimal weight
ratio for the Boston/US and sum questions. ~We could explain this behavior in two ways.

Either subjects appreciate the importance of group bias or subjects overestimate i—%, the ra-
tio of Thai MSE to American MSE. By looking at how subjects update separately for the
Bangkok/Thailand and Boston/US questions when they observe answers for the sum, we can
reject the latter possibility. On the other hand, the hypothesis that subjects appreciate each
group’s accuracy and the extra value in an American’s independent perspective to a Thai subject

describes the data quite closely.



7 Conclusion

This paper demonstrates that economic agents can learn effectively from a diverse set of opinions.
The Thai subjects attain significant improvements in their answers by correctly weighing ob-
served American answers relative to observed Thai answers. Moreover, subject behavior shows
that agents can be expected to account for not only the relative quality of different opinions,

but also the value of drawing on a variety of independent perspectives.

The model presented in this paper may seem to require a level of statistical sophistication
that demands too much of any experimental subject. Almost certainly, subjects do not reason
along the lines of Bayesian updating, mulling over their beliefs about group bias. Their actions,
however, reflect implicit perceptions. The experimental design made it possible to test a variety
of hypotheses regarding these perceptions. The data supports the hypothesis that subjects
understand that American information has extra value to a Thai subject due to the fact that

members of the same group tend to make the same kind of errors.

Part of the subjects’ success in the experiment may derive from Thailand’s openness to
foreigners and relatively positive view of the US. In contrast, only 15% of Indonesians had a
favorable impression of the US around the time that I conducted this experiment (Pew Research
Center, 2003).'3 It may be the case that, in general, Indonesian decision-makers would have a
more difficult time optimally using information from Americans than Thais due to more negative
feelings toward the US. For this and other reasons, it is unclear to what extent the results in this
paper apply across cultures. Future research could apply this experimental design to students

from other countries to determine the generality of my results.

13The US invasion of Iraq is largely responsible for the feelings of Indonesians towards the US. In 2000, 75%

of Indonesians had a favorable view of the US. In 2002, 61% of Indonesians still viewed the US favorably.



The results illustrate the importance of forming diverse groups to solve problems. Unfortu-
nately, the desire for cohesiveness often prevents diverse groups from being formed. Psycho-
logical evidence suggests that homogeneous groups become close-knit more easily than diverse
groups (Janis, 1972). As homogeneous groups become more close-knit, they believe more in the
group’s invulnerability, creating a cycle in which the group becomes increasingly more close-knit
and insulated from outside opinions. The experimental results match with the psychological
evidence pointing towards "groupthink" as the reason groups fail to call upon a diverse set of
opinions. The individuals in the experiment appreciate the value of listening to a variety of

different opinions.

The problem thus appears to come from poorly functioning groups as opposed to poorly
functioning individuals. Subject behavior in the experiment indicates that when agents listen to
a diverse group of opinions, they can be expected to carefully consider the available information.
The key, demonstrated by fiascoes like the Bay of Pigs invasion and the Challenger disaster, is

to make sure that decision-makers hear those independent voices.
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A Appendix

A.1 Proofs
A.1.1 Proof of Proposition 1

From the definition of the MSE for group j for question g:

N,
1 _ -
AJQ'q = Fj ;([L‘qu — Tjq + Tjq — T’T‘Uthq)Q

Expanding the expression gives:

N.
1 < _ o -
A?q = ﬁj Z [(xijq - qu)2 + 2(@ijq — Tjg) (Tjq — Truthy) + (Tjq — TTUthq)z]
i=1

N;j
Since T, = Ni] Z Tijq, the middle term drops out, giving the result:
i=1

N.
1 _ _
A?q - F Z(xijq - qu)2 + (Zqu — Truthq)Q
T =1
— 2 2
= Sjg T

QED.



A.1.2 Proof of Proposition 2

Consider group j (either A or T'). For a given question ¢, the MLE for the true mean-squared

distance of group j answers from the truth, O'QTq, is:

N.
— 1 J
o2 = v (zijq — Truthy)? (14)
J =1

The total MSE between a group’s answers and the correct answer consists of the sample variance

and the squared group bias. Where 7, is the average answers for group j members for question

q, the MLE for the sample variance, s2

g 18

2
Sjq =

N,
1 < _
7 > (@ijg — Tjg)? (15)
J =1
Since the sample variance is the part of total MSE that does not come from group bias and the

MLE of a function is the function of the MLEs, the sample variance can be expressed as:

9 —

Sjq = (1- /p\jq)O?q

Substitution of (14) into (15) then gives

N;
D (wijg — Tjg)?
1_5 — =t
Pjq N,

which leads to

(Tjq — Truthy)?

1 «

Piq =

ZI0
[
)

o
(wijq — Truthy)? 74
1

<.
Il

Since the questions are assumed to be independent, the MLE for p; is just the average

of the estimates provided by all the () questions:

—_

Q Q ~ 2
P':—§ Pig = < g =
J qul Jq Q 2

q=1 Tjq



Similarly, question independence implies that averaging across questions gives the MLE for the

ratio of American and Thai MSEs:

QED.

A.1.3 Proof of Proposition 3

Assuming that npAr + nads + Ay = 1 so that the sum of the weights put on all pieces of

information is one, the expected value of a subject’s MSE can be expressed as:

nr na 2
E(MSE)=F ()\T Z(ka — Truth) + A4 Z(xAk — Truth) + \s(zs — Truth)) .
k=1 k=1

Also assume the group biases are uncorrelated, so that
E((zrr, — Truth)(zag, — Truth)) =0,
as holds true in the experimental data. Then expanding the expression for MSE gives

E(MSE) = np AL+ nr(ny — DAFpr AT + nadi A% + na(na — DN p, A%

+2enpApAspp A2 + cALAL

The first two terms in the above expression describe the expected MSE of all the observed Thai
answers and the error that comes from the shared group bias among the ny Thais (a total of
nr(ny — 1) interactions). The next two terms capture the analogous errors for the observed
American answers. The next-to-last term describes the shared group bias between the subject
herself and the other Thais she observes. The final term describes the subject’s own perceived

MSE.



Taking the derivatives with respect to the weights gives the expressions in Proposition 2.

QED.

A.1.4 Proof of Proposition 4

Consider the case when a subject uses observed answers for the sum question to update her an-
swer for the Bangkok /Thailand question. A subject updates her answer for the Bangkok /Thailand
question based on her initial answer for the Bangkok/Thailand question and the distance be-

tween the answers she observes for the sum question and her initial answer for the sum question.

When she observes n4 American answers and nr Thai answers, her expected mean-squared

prediction error is

EMSE) = E(¢r(xrs1 — Tis) + oo + (Trsngy — Tis)) + 04 ((as1 — Tis) + oo + (Tasn, — xis)); T — 1y)°
= kB <¢T nZT(thk + €7ak) + P4 nZA(EAtk + €aak) — (Nrdr +nada) (€ + €ia) + 5it>
k=1 k=1
= nror (A7 + A7) + (nr = D(prATy + praA7,)] +
na@i[Ak + Ay + (4 — D(paA%y + paaA,)] +
(1 —nrép — nA¢A>2aA2Tt + (nrér + nA¢A)2aAC2Fa +2(1 — nrop — nAQbA)nTQbTOéthA%t

_2(nT¢T + nA¢A>nT¢TapTaA%a )

where ¢, is the weight given to American answers for the sum question and ¢, is the weight

given to other Thai answers for the sum question.

Taking the derivatives with respect to ¢, and ¢, gives the optimal weights. The optimal
weight ratio z—; can be expressed as a function of the optimal weight ratios derived in Proposition
2 for how subjects should weigh American information relative to Thai information for the

Bangkok /Thailand questions and the Boston/US questions: (i—?) . and (’A\—?) o The optimal
Thai U



weight ratio is

<)\_A) + (A_A) ya 4 enp A2 (prs—pra) 1—PT4)
(@) _ At Thai At US yr yr
Thai

br

1+ ya 1—=pry CnTA%"a(pTa_th)
yr 1=prg yr

where

ya = (1+(ma—1)ps)(1 = pr,)

yr = (14 (na—1)pu)(1 — pry)

If the perceived group bias shares for Thais for the Thailand and US questions, py, and pp,,

are zero, this reduces to the following simple expression:

(¢_A> _ A%t + A%a
¢T Thai Ait + Aia

The same line of reasoning implies that, if p,, and p;, are zero,
<¢_A> _ A%t + A%a
Us

¢T B A12415 + Aia

This gives the desired result:

¢ ¢
(th)perceived = <10Ta)perceived =0= <¢_A = gb_A
T/ Thai T/ US

QED.



A.2 Data Appendix

A.2.1 Standardization

Where the subscript i denotes the individual, j denotes the group (either A or T'), and ¢ denotes

the question, any variable y;;, is standardized in the following way:

P Yijq — qu
wyq 1 °
5(5Tq + Saq)

In the above equation, sy, is the standard deviation of the Thai answers, s4, is the standard

deviation of the American answers, and ¥, is the mean of the Thai answers, for question g.

Another possibility is to just use the standard deviation of the Thai answers to standardize
the data. For questions where Thais have a small standard deviation, this standardization
would cause the standardized American mean to be far from zero if the American and Thai
means are different. These points can then have excessive influence on the regression reported
in the text. Still, the results remain essentially the same if the data are standardized in this

way.

A.2.2 Additional Tables

The regression can be expanded to include terms that account for the number of answers that
subjects observe and the relative accuracy of Americans and Thais across questions. To account

for accuracy, I employ the following measure:



This measure is the ratio of Thai MSE for question ¢ to the sum of American and Thai MSE.

When Acc, is high, Americans are better relative to Thais for the question ¢.'*

The full regression allows the weights that a subject uses to vary with how much American

and Thai information she sees and also on the question that the subject is answering, so that:
/Bs = /657]_ + Bs72niA —l— /6573niT + /8574Accq

Ba=PBa1+ Bagnia+ Basnir + BasAccy
Br = Bri+ Brania + Branir + BrsAce,
For example, the regression that includes terms involving the number of observed American

answers is:
Yig = ﬁs,1$iq + ﬁs,2niA$iq + 5A,1fiAq + ﬁA,2”iAfiAq + BT,lfiTq + 5T,2niAfiTq + Qlﬁq +eig (17)
Estimating these regressions gives the average weights that subjects put on Thai answers,

American answers, and their own initial answers for each question type. Table A1l describes

subject behavior for the all three types of questions.

14Qubjects may also want to account for the spread in the answers they observe. For example, when a subject
sees two answers that are near each other and one answer that is extreme, she may ignore the extreme answer,
deeming it irrelevant. To look at this, I expand the regression to include a term that captures the spread in
the observed answers. The spread is measured simply as the standard deviation in the observed information.
Inclusion or exclusion of terms involving the standard deviation of observed information does not affect the

results.



Table Al: Estimated weightsfor the US and sum questions

Dependent variable: Subjects final answers

Regressor Questions about Thailand Questions about US Questions about sum

@ @) (©)] 4 (©) (6) U] ()] ©) (10) (11) (12)

Subject'sinitial answer (bs;) .653 .654 .65 .662 464 A74 48 492 731 731 731 728
(016)  (.016) (.016)  (.018) | (.02 (02)  (021) (021) | (019) (.02 (.02) (.02)

Initial answer « number of observed .002 .008 .004 .003 .001 .013 .001 -.001 -.001
American answers (bs,) (019)  (.019)  (.019) (024)  (.024)  (.024) (.024)  (024)  (.024)
Initial answer « number of observed -.038 -.04 .041 .045 -.002 .002
Thai answers (bs3) (.019) (.019) (.024) (.024) (.026) (.026)
Initial answer « accuracy index (bg4) -.142 -.273 .266
(.084) (.127) (.13)

Thai average (br 1) .238 242 242 .24 .09 .086 .054 .064 .068 .07 .064 .076

(02) (021) (025 (026) | (03) (03) (036) (036) | (02) (025 (028 (.032)

Thai average « number of observed .004 .002 .012 -.015 -.004 .003 .006 .011 .008
American answers (bt ) (.024)  (.024)  (.025) (.034)  (.035)  (.038) (.03) (.031) (.03)

Thai average « number of observed .001 -.002 -.053 -.038 -.024 -.017
Thai answers (by 3) (.025)  (.026) (.038)  (.041) (.037)  (.037)

Thai average - accuracy index (bt 4) .04 -.123 -.151
(.098) (.221) (.204)

American average (b, 1) .056 .049 .039 .063 463 481 476 .455 .165 .092 .088 .081

(012) (014) (015 (016) | (019) (02)  (021) (021) | (024) (037) (037)  (.038)

American average + number of observed -.016 0 -.003 .075 .09 .07 -.07 -.069 -.061
American answers (b, ,) (.017) (.019) (.019) (.022) (.023) (.024) (.032) (.032) (.032)
American average + number of observed -.036 -.027 -.046 -.053 -.023 -.012
Thai answers (ba 3) (018)  (.018) (024)  (.024) (025)  (.025)
American average « accuracy index (b, 4) 232 .398 .351
(.055) (.124) (.139)
Number of observations 1008 986 986 986 1052 1032 1032 1032 557 548 548 548
Notes:

(1) Regression standard errors are in parentheses.

(2) Theregression in column (1) includes the datafor questions 4 and 8 where subjects
saw either 0, 5, 10, or 20 American and Thai answers.

(3) Regressions include dummies for the three question categories
(meteorology, economic/political, and social/cultural).



Table A2 reports the results of estimating regressions using the correct answers to the ques-
tions as the dependent variables with the same regressors as the specifications in Table A1. The

estimates in Table A2 describe how subjects would optimally behave.

Table A2: M SE minimizing behavior for theall threetypes of questions

Dependent variable: Correct answers to the questions

Regressor Questions about Thailand Questions about US Questions about sum
(€] 2 (©) ) ©)] (6) U] 8 ()] (19 (1) (12)

Subject'sinitial answer (bgy) 292 289 266 .285 063 057 042 .086 179 148 152 142
(.021) (.021) (.021) (.019) | (017) (.017) (.017) (.014) | (.026) (.028)  (.029)  (.022)

Initial answer - number of observed .034 .052 .032 -.055 -.048 -.029 -117 -.118 -121
American answers (bs) (.024)  (.024) (.021) (.019) (.019) (.015) (.034)  (.034) (.025)
Initial answer - number of observed -.114 -.115 -.079 -.095 .018 -.044
Thai answers (bs3) (.023) (.02) (.02) (.016) (.036)  (.027)
Initial answer - accuracy index (bss) -.897 =747 -517
(.086) (.083) (.132)

Thai average (br 1) 458 437 497 403 115 .079 .092 157 .25 .249 .247 405
(.022) (.023) (.025) (.023) (.02) (.02) (.021) (.016) | (.024) (.032) (.034) (.027)

Thai average « number of observed -.145 -.187 -.151 -.137 -135 -.056 .038 .038 .022
American answers (b ) (.029)  (.029)  (.026) (.023)  (.023)  (.019) (.035)  (.035)  (.026)

Tha average  number of observed .182 144 .036 .118 -.006 -.001
Thai answers (br3) (.028)  (.025) (.022)  (.018) (.036)  (.027)
Thai average « accuracy index (br4) -.231 -1.406 -2.316
(.092) (1) (.154)

American average (ba 1) 25 274 237 312 822 865 866 757 571 603 601 453
(.018)  (.019) (.02) (.018) | (.016) (.016) (.017) (.014) | (.026) (.036) (.038)  (.029)

American average + number of observed 112 135 119 192 .183 .084 .08 .08 .099
American answers (b, ») (024)  (.026) (.022) (019) (.019) (.015) (033)  (.033) (.025)
American average + number of observed -.068 -.028 .043 -.023 -.011 .045
Thai answers (ba 3) (.025) (.022) (.019)  (.015) (.031)  (.023)
American average  accuracy index (ba 4) 1.128 2.153 2.833
(.064) (.082) (.14)

Number of observations 1008 986 986 986 1052 1032 1032 1032 557 548 548 548

Notes:

(1) Regression standard errors are in parentheses.

(2) Theregression in column (1) includes the data for questions 4 and 8 where subjects
saw either 0, 5, 10, or 20 American and Thai answers.

(3) Regressions include dummies for the three question categories
(meteorology, economic/political, and social/cultural).

(4) The regressions are estimated under the constraints:
by +baq+bry=1and bgj+bs;+by;=0forj=2,3, or4.



