
Announcements

The second referee report is due today at 5pm

The empirical project is due April 14th at 5pm
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Differences in Social Evolution

Measuring social evolution: interest rates, level of
education

Interest rates were low in England compared to in Asia

In 1760, secured loans had interest rates around 15% in
Japan and around 5% in England

Literacy and numeracy were lower in Asia than in
England

Clark takes these observations as evidence that England
was further along in terms of social evolution than Asia,
even if Asian societies were moving in the same
direction
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Where does this evidence on the education of society come
from?

Not much data out there measuring actual education
level

Can find crude measures of literacy and numeracy
which serve as proxies for education

Still problems with measuring literacy and numeracy

Indirect evidence comes from the kinds of documents
that survive and how many documents survive

Look at things like how well people could report their
ages, whether they could sign their name
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Refresher on Age Heaping

Age heaping occurs when people round to ages ending
in zero or five when estimating their ages.

If everyone reported age correctly, 20 percent of the
population would report an age ending in a zero or five.

If everyone rounded, 100 percent would report an age
ending in a zero or five (20 percent of these people
would get lucky and actually be correct).

H =
5

4
(X − 20)

When X = 20, H = 0 and when X = 100, H = 100.
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Refresher on Age Heaping

An alternative measure is the Whipple Index (George
Whipple, 1866-1924)

Focuses on the population between ages 23 and 62

Pop0,5 is the number of people with an age ending in 0
or 5

Popall is the total population

W = 500 · Pop0,5
Popall

W = 100 when 20 percent have an age ending in 0 or 5

W = 500 when 100 percent have an age ending in 0 or
5
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Age Heaping and Illiteracy

 45 

Figure 6. Age heaping and illiteracy in three U.S. censuses 

 
Whipple Index and illiteracy rate by birth regions (US states and territories, foreign countries and 
provinces) with at least 100 observations; IPUMS data. 
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From Hearn, Baten and Crayen, age heaping is measured using the Whipple index, an observation is a
state-census year
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Age Heaping in the Long Run

Location Date Type Group Heaping
England 1350 Both Rich 61
Florence, Italy 1427 Urban All 32
Florentine territory 1427 Rural All 53
Corfe Castle, England 1790 Urban All 8
Corfe Castle, England 1796 Urban Poor 14
Ardleigh, England 1796 Rural All 30
Terling, England 1801 Rural Poor 19
Cotton operatives, England 1833 Both Workers 6

Age Heaping Over Time
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Age Heaping in the Long Run
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Figure 7. Age heaping in the long run 
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Notes: Whipple Index values, combined male and female data; time refers to approximate birth 
decade. Sources: Duncan-Jones (1990) pp. 86, 90; Herlihy and Klapisch-Zuber (1978) pp. 656-59; 
City archive of Balingen, Musterungsliste 1523, A 28a M21; City archive of Lippborg, Catalogus 
Familiarum ... parochiae Libborgensis de dato 20. Martii 1750; IPUMS; Rothenbacher (2002); 
Kaiser and Engel (1993) pp. 829-33; Census of the Russian Empire, 1897.  

From Hearn, Baten and Crayen, age heaping is measured using the Whipple index
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Age Heaping by Region

From Crayen and Baten, age heaping is measured using the Whipple index
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Refresher on Measuring Literacy Rates

Can look at volume of records as an indication of
overall literacy rates (Clark compares England and India
on this basis)

Can look at the number of people that can sign or read
various types of documents:

Percentage of grooms who signed the marriage register
Percentage of witnesses who signed their depositions
Percentage of witnesses who signed ecclesiastical court
declarations
Number of people who could read a passage of the
Bible (to get out of secular court)
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Literacy Over Time

J. Parman (College of William & Mary) Global Economic History, Spring 2017 March 29, 2017 11 / 28



Literacy Over Time

Japanese men, 1868

Japanese women, 1868

1
2

3

4
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Literacy Now
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Literacy by Income
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Interest Rates Over Time

Country Period Interest Rate
Babylonia 500 BC 16-20

Greece 100 BC 10
Rome 200 9-12
India 800 15

England 1200-1349 9.5
Germany 1200-1349 10.7

Italy 1200-1349 10.7
Japan 1600 15

England 1600 5-6
England 1750 4-5

Interest Rates Over Time and Place
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Interest Rates Over Time

r = ρ+ d + ψgy

ρ: time preference rate
d : default risk premium

ψgy : expected annual growth in income
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Time Preference Rates

Consider a paper by Reyes-Garcia et al., “The Origins of
Monetary Income Inequality: Patience, Human Capital,
and Division of Labor”

Their basic argument:

In a self-sufficient society, patience is exogenously
determined and people rely on folk knowledge for
human capital
With the establishment of schools, patient and
impatient people sort themselves
Patient and impatient people start to acquire different
types of human capital, different jobs and different
outcomes
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Time Preference Rates

They’re going to test their theory by looking at
foraging-farming societies in the Bolivian Amazon

They ask people to make choices about small rewards
today or bigger rewards later on

The rewards are either in the form of money or food

The choices reveal time preferences
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Time Preference Rates

define nine ranges of discount rates for money and eight

ranges of discount rates for food.

The results that we present below do not depend on the

use of a hyperbolic function or an exponential function.

The values with exponential or hyperbolic discounting are

nearly identical over most of the observed range (Columns

5 and 6). Because we measured delays in days, the

parameters we report for hyperbolic discount rates,

multiplied by 100, are approximately interpretable as

expressing percent decreases per day. Because hyperbolic

and exponential discounting produced similar results, and

because hyperbolic discounting explained observed data

better than exponential discounting, we present results

using hyperbolic discount rates (Ainslie, 1992; Frederick et

al., 2002; Kirby, 1997; Laibson, 2003; O’Donoghue &

Rabin, 2001).

A person’s choices were not always consistent with one

value of k, so parameter estimates could not be made by

identifying the switch from the immediate to the delayed

rewards moving down (Table 2). Instead, we assigned each

participant a k value that yielded the highest proportion

of consistent choices. That is, for each participant, we

computed the proportion of that person’s choices that

was consistent with assignment to each of the values of

k defined by the questionnaire (bounded or unbounded).

Consistency here is a relative—rather than an absolute—

measure, with the discount rate that yields the highest

relative consistency across trials providing the best

estimate of the participant’s k value. When two or more

values yielded equal consistency, the participant was

assigned a value corresponding to the geometric mean

of those values. In regression analysis, we use informa-

tion only from participants for whom we were able to

assign values that were consistent with at least six of

eight monetary choices and with at least five of seven

food choices.

The mean consistency score for patience with money

(0.946) was nearly identical to the mean consistency score

for patience with food (0.947). Almost three quarters of

participants (70.35% for money and 72.67% for food) had

fully consistent measures (i.e., consistency=1). From

among the rest, only 14 (2.71%) had consistency scores

with money below 0.75, and only eight participants

(1.55%) had consistency scores with food below 0.71;

we excluded these participants from analysis. We

regressed the score of consistency with money against

the score of consistency with food, and we found a

moderate positive and statistically significant coefficient

of 0.41 ( p=.001).

Repeated surveys with the same participants improved

the reliability of answers as the study unfolded, probably

because participants understood the task better and

trusted researchers more. For instance, mean consistency

scores with money or with food improved from 0.91

during the first quarter to 0.96 during the last quarter.

Within-subject correlation in scores of patience also

improved over time. Within-subject correlation coeffi-

cients of patience between the first quarter and the

second quarter were 0.004 for money and 0.12 for food,

and in neither case were results statistically significant at

the 10% level. Within-subject correlation coefficients for

patience between the third quarter and the fourth quarter

(the last two quarters of data collection) were 0.32 for

money and 0.46 for food, and, in both cases, results

were statistically significant at the 99% confidence level

or higher.

The mean measure of patience with money (k=0.143)

was 20.10% lower than the mean measure of patience with

food (k=0.172), probably because of a built-in bias to

select the delayed rewards with money and a built-in bias

to select the immediate reward with food. People in remote

areas of the Bolivian Amazon have few opportunities to

spend money immediately, so using money as a reward

may have induced subjects to select the delayed reward.

Participants who may have selected the larger delayed

reward for food may have opted for the smaller immediate

reward owing to the absence of storage technology to

preserve more food received in the future. In addition,

when mothers took part in the survey with active young

children at their side, they sometimes opted for the

immediate reward of food so they could share it with

their children to deflect their attention and thus make it

easier on the mother to continue speaking with the

surveyor. Measures of patience with the two currencies

bore a strong positive association. Using hyperbolic

measures of patience, we regressed scores of patience

measured with money against scores of patience measured

Table 2

Choice values and associated discount rates for questions used to elicit rates

of private time preference for money and food

Question

Reward values (B$)
Delay

(days)

Rate at indifference

Today Later k r

Money

5 8.0 8.5 157 0.00040 .00039

3 6.7 7.5 119 0.0010 .00095

4 6.9 8.5 91 0.0025 .0023

1 5.5 7.5 61 0.0060 .0051

8 5.4 8.0 30 0.016 .013

7 4.1 7.5 20 0.041 .030

6 3.3 8.0 14 0.10 .063

2 3.1 8.5 7 0.25 .14

Candy

4 16 17 157 0.00040 .00039

3 13 15 153 0.00101 .00094

1 11 15 61 0.0060 .0051

7 11 16 28 0.016 .013

6 8 15 21 0.042 .030

5 7 17 14 0.102 .063

2 6 17 7 0.26 .15

bRate at indifferenceQ indicates the value of hyperbolic (k) and continuously
compounded exponential (r) discount rates at which immediate and delayed

rewards are of equal value.

US$1.006B$6.00.

V. Reyes-Garcı́a et al. / Evolution and Human Behavior 28 (2007) 37–4742
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Time Preference Rates
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Time Preference Rates
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Time Preference Rates

6. Results

6.1. Hypothesis 1: patience, schooling, and folk knowledge

Contrary to our expectations, folk knowledge and

modern human capital bore no strong association with each

other. In an ordinary least squares (OLS) regression (not

shown) with years of school exposure as a dependent

variable, with folk knowledge as an explanatory variable,

and with sex, age, and dummies for quarters and commu-

nities as control variables, the coefficient for folk knowledge

was �0.09 ( p=.96).

Among variables related to modern human capital, only

Spanish fluency bore the expected negative association with

folk knowledge. A regression not shown of Spanish fluency

(dependent variable) and the explanatory variables just

described produced a coefficient of �1.21 ( p=.04) for folk

knowledge. The results suggest that, at low levels of school

exposure, greater schooling might not displace local

knowledge at low levels of schooling.

We next examine the relation between impatience and

the two forms of human capital: schooling and folk

knowledge (Table 4). Conditioning for sex, age, and

dummy variables for quarters and villages, impatience

was associated with greater folk knowledge of plants and

with fewer years of school exposure. A 1% increase in

impatience was associated with a 0.01% ( p=.01) increase

in the score of folk knowledge of plants, and with 0.54

fewer years of school exposure ( p=.05). As predicted in

Hypothesis 1, we found that impatient and patient people

diverged in the type of human capital they accumulated,

although the increase is low.

6.2. Hypothesis 2: patience and occupational choice

We move on to examine the relation between different

forms of human capital and the likelihood of working for

wages (Hypothesis 2). We ran a probit regression in which

the dependent variable took the value of 1 if the participant

earned cash from wage labor during the quarter, and 0

otherwise (results not shown). We found that, conditioning

for impatience, age, and sex, an increase of 1 year in school

exposure over the sample mean of 2.61 years of school

exposure was associated with a 1.4% greater probability of

working in a modern occupation ( p=.002), whereas a 1%

increase in the score of folk knowledge over the sample

mean of 0.83 was associated with a 0.09% lower probability

of working in wage labor ( p=.48). The coefficient for folk

knowledge was statistically insignificant, but bore the

expected sign.

6.3. Hypothesis 3: patience, occupational choice, and

income growth

Last, to test Hypothesis 3, we estimated rates of income

growth during the four quarters of 1999–2000 for patient

and impatient people (results not shown). We ran OLS

regressions with the logarithm of the following outcomes as

separate dependent variables: earnings from wage labor,

earnings from the sale of goods, the monetary value of

goods received in barter transactions, and total income (total

monetary earnings plus the value of goods received in

barter). Explanatory variables included impatience, age, sex,

dummy variables for quarters and villages, and an interac-

tion term that captured the differential quarterly growth rate

in income for an impatient participant compared with that

for a patient participant. The coefficients of interaction

terms suggest that patient participants saw their incomes

increase at a faster rate than impatient participants. Rates

ranged from 0.10–0.15% per quarter for sales and total

income to 0.20–0.28% per quarter for wage earnings and

barter. Except for barter, the results were not significant at

the 10% level. Note that the direct effect of impatience on

various forms of income is positive; starting out from a

lower initial base of earnings, patient people will likely

catch up and surpass the income levels of impatient people.

A 0.10–0.28% quarterly growth rate in income implies an

annual growth rate in income of about 0.4–1.2%; traced

over several years, those annual growth rates in income

would translate into meaningful income differences between

patient and impatient people.

6.4. The patience and the impatient: 5 years later

How do patient and impatient people compare with

each other in monetary income and in other indicators of

well-being 5 years after the baseline study? To answer the

question, we reinterviewed the participants of 1999–2000

in 2004.

Before presenting results, we test for attrition bias by

following two steps. We first performed a regression

analysis (not shown) with attrition in 2004 (dependent

variable) against impatience in 1999–2000 (explanatory

variable), and we then regressed income in 1999–2000

(dependent variable) against attrition in 2004 (explanatory

variable). The two steps allow us to explore the likely sign

of the bias from the omission of attriters in the 2004 survey.

A probit regression with a dummy for attrition in 2004

(dependent variable) against sex, age, a village dummy

variable, and a measure of impatience using food as a

reward suggests that a 1% increase in impatience was

associated with a 0.091 lower likelihood of leaving the

sample by 2004 ( p=.04).

Table 4

Relation between impatience and the accumulation of different types of

human capital

Explanatory

variable

Dependent variable (type of human capital)

Schooling Folk knowledge

Impatience �0.547 (0.278)44 0.011 (0.004)444

Age �0.096 (0.017)444 0.001 (0.0003)444

Male 1.592 (0.542)444 0.024 (0.012)444

R2 0.31 0.39

n 406 309

44 Significant at the 5% level.

444 Significant at the 1% level.

V. Reyes-Garcı́a et al. / Evolution and Human Behavior 28 (2007) 37–4744
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Time Preference Rates

We then regressed various measures of income (i.e.,

earnings from wage labor, earnings from the sale of goods,

and the value of goods received in barter) as dependent

variables against age, sex, and dummies for village and

attrition as explanatory variables. We found that attrition did

not bear a significant association with income. The

coefficients of the dummy variable for attrition were as

follows: �0.37 for barter ( p=.30), �1.56 for sales ( p=.21),
and �1.25 for wage earnings ( p=.67). Since attrition bore a

negative association with both impatience and income, the

sign of the indirect effect from omitting attriters in the 2004

comparison is positive, so the comparisons of Table 5 likely

overstate the effect of impatience on the outcomes.

Bearing in mind the caveats, in Table 5, we show the

results of t tests comparing various forms of income in

2004 between people who had been patient and people

who had been impatient in 1999–2000, where patient and

impatient refer to people at the bottom or top 30% in

measures of time preference. We limit the analysis to a

comparison of means because we did not have enough

degrees of freedom to include controls. As expected, we

find that patient people earned considerably more from

wage labor (B=bolivianos; B$152) than impatient people

(B$23) ( p=.01) 5 years later, but the reverse was true with

income from the sale of farm and forest goods. Impatient

people made five times more from the sale of farm and

forest goods (B$49) than patient people (B$9) ( p=.20).

Results were statistically insignificant, but they were

economically significant since the higher amount repre-

sented about two daily wages.

In Table 5, we extend the analysis and compare

indicators of well-being other than income between patient

and impatient people. We find that patient people had access

to twice as much credit as impatient people; had slightly

better anthropometric indicators of short-term nutritional

status, as shown by sex-standardized and age-standardized

z scores of midarm muscle area (ZAM) and weight (ZWT);

and had better self-reported health. Impatient people had

accumulated more traditional assets. Even though we

measured patience before anthropometric indicators of

nutritional status, wealth, or self-perceived health, we

cannot assume causality because the outcomes and patience

could still be linked to each other through an unmeasured

third variable. In other analyses (not shown), we found that

the two groups did not show differences in emotions, such

as happiness, sadness, or anger. In sum, we find preliminary

evidence to suggest that differences in patience at baseline

among adults were associated with several indicators of

well-being 5 years later.

7. Discussion and conclusion

In this article, we have presented and tested an

explanation linking patience, the accumulation of different

forms of human capital, self-selection into different occu-

pations, and the growth of monetary income inequality. We

found some evidence that patient and impatient people

differed in the type of human capital they acquire and in

the occupations they pursue, but we do not find strong

evidence that occupational differences are associated with

noticeable divergence in rates of income growth. Results of

the 1999–2000 analysis hold up mainly when using food,

rather than money, to elicit patience; the use of an exponen-

tial or a hyperbolic discount rate did not affect the results.

Our findings support recent research in embodied capital:

those choosing to invest in formal schooling trade off

immediate productivity from engaging in traditional activ-

ities for delayed benefits from better-paid activities that

require schooling, and those who choose not to attend

school give up larger future benefits for immediate

productivity (Bock, 2002).

Our explanation complements Kuznets’ hypothesis

about the growth of income inequality at low levels of

income or during the formative stages of economic

development. We have added an ethnographic layer to

Kuznets’ insight about the initial upsurge of income

inequality at low levels of income. We have explained

why there might be self-selection into different occupations

during the early stages of economic growth. We have

found positive associations between impatience and the

type of human capital people accumulate, and between

different types of human capital and the choice of

occupations people pursue. We also found some evidence

that patience is associated with higher quarterly growth

rates of various forms of monetary income, but results

were statistically insignificant. Five years after baseline

measures, patient people had higher earnings from wage

labor, better indicators of short-term nutritional status, and

better self-perceived health than impatient people, but

attrition bias might have accentuated the difference.

Table 5

Comparison of indicators of well-being in 2004 between patient and

impatient participants during 1999–2000 (results of two-tailed t test)

Outcomes

Impatient

(n =38)

Patient

(n =25)

Income from

Barter 6.55 6.82

Sales 49.63 9.88

Wages 23.68 152.24444

Credit 32.47 65.044

Individual wealth

Modern physical assets 538.55 652.04

Traditional physical assets 199.21 178.0044

Total physical assets 783.03 882.44

Nutritional status

BMI 23.14 23.42

ZAM �0.77 �0.4244
ZSF �0.71 �0.56
ZWT �1.02 �0.834
Self-reported days ill 6.8 3.544

4 Significant at the 10% level.

44 Significant at the 5% level.

444 Significant at the 1% level.
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Time Preference Rates

Back to the main point of Reyes-Garcia et al., “The
Origins of Monetary Income Inequality: Patience,
Human Capital, and Division of Labor”

Their basic argument:
In a self-sufficient society, patience is exogenously
determined and people rely on folk knowledge for
human capital
With the establishment of schools, patient and
impatient people sort themselves
Patient and impatient people start to acquire different
types of human capital, different jobs and different
outcomes
This leads to divergence within a society (income
inequality)

Clark is going to tell a somewhat related story about
differences in traits and economic development across
countries
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Driving Social Evolution

Clark is focusing on these traits that seem to be
important for economic growth: education, patience,
etc.

Perhaps a necessary condition for industrialization is
having a large enough percentage of the population
possessing these economic virtues

This raises the question of how these traits are
developed and how they arise or spread throughout the
occupational distribution

Clark’s main focus in on how these traits diffuse
throughout the population, arguing that the diffusion
process is all about fertility patterns
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Simple Example of Diffusion Process

Let’s say there are three groups making up a
population: A, B and C

Group A has growth-promoting characteristics

All three groups initially have 100 people in them

However, group A is growing at 10 people every
generation, group B is staying the same size and group
C is shrinking by 10 people every generation

What percentage of the population in each generation
has the growth-promoting characteristics?
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Simple Example of Diffusion Process

Generation A B C
Percentage 
with Trait

1 100 100 100 33
2 110 100 90 37
3 120 100 80 40
4 130 100 70 43
5 140 100 60 47
6 150 100 50 50
7 160 100 40 53
8 170 100 30 57
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Simple Example of Diffusion Process

We can think of the bottom third of the income
distribution as the lower class, the middle third as the
middle class and the top third as the upper class

After the first generation, the growth-promoting
characteristics begin to diffuse to the middle class

After roughly ten generations, the growth-promoting
characteristics have diffused throughout the entire
middle class

If we assume that some upward mobility exists, this
diffusion process would be even quicker

Note that this depends on the upper class not being
able to expand to accommodate all of the extra kids
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