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Transi%ons	
  
Rapid	
  change	
  in	
  some	
  global	
  variable	
  arising	
  from	
  
local	
  interac%ons	
  between	
  individuals.	
  
	
  
Take	
  Shelling’s	
  example,	
  there	
  is	
  a	
  sudden	
  
transi%on	
  in	
  segrega%on	
  when	
  prejudices	
  increase	
  
slightly.	
  
	
  
For	
  animal	
  groups,	
  there	
  is	
  a	
  sudden	
  transi%on	
  to	
  
flocking	
  when	
  ‘aTrac%on’	
  becomes	
  sufficiently	
  
strong.	
  



Transi%ons	
  in	
  Aggregate	
  Data?	
  

•  When	
  we	
  can	
  measure	
  what	
  people	
  (or	
  
animals)	
  do,	
  its	
  ‘easy’	
  to	
  find	
  transi%ons.	
  	
  

•  Its	
  also	
  ‘easy’	
  to	
  make	
  up	
  sociology	
  theories	
  
about	
  transi%ons.	
  	
  

•  But	
  when	
  we	
  go	
  out	
  and	
  do	
  surveys	
  or	
  gather	
  
economic	
  metrics,	
  how	
  do	
  we	
  find	
  transi%ons	
  
in	
  these?	
  

•  I	
  don’t	
  have	
  full	
  answers	
  but	
  here	
  are	
  some	
  
ideas.	
  



The	
  Demographic	
  Transi%on	
  

•  Move	
  from	
  having	
  lots	
  of	
  children	
  to	
  having	
  
lots	
  of	
  money!	
  

•  Improvements	
  in	
  educa%on	
  and	
  health	
  in	
  
conjunc%on	
  with	
  an	
  increase	
  in	
  economic	
  
growth	
  and	
  reduc%on	
  in	
  fer%lity.	
  

•  Ques%on:	
  What	
  is	
  the	
  sequence	
  of	
  these	
  
results. 	
  	
  

Barro & Becker; Galor; Durlauf…… 
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with n terms. We fit the yearly samples of the yearly changes in the indicator
variables using multiple linear regression over the all8, 192 possible functions
f(C,G) and find the model that minimises the sum of squared errors with the
observed data (reference-maybe one from economics). We repeat the same
process to obtain the best possible g(C,G).

Employing the above procedure for models with at most two terms we
obtain the following model for yearly change in child mortality and log(GDP)

dC

dt

= �0.0028C(1.6G� 0.02C) (3)

dG

dt

=
2.5

CG

(10.9�G) (4)

These equations summarize a number of important facts about how these
indicators have changed over time. Firstly, we note that child mortality
always declines, with the fractional decrease per year equal to

0.0028(1.6G� 0.02C)

Percentage decrease in child mortality is therefore larger when GDP is high
and when child mortality is low. G is log GDP, and as a result the right
hand side of equation 4 gives the percentage change in GDP. Equation 4
implies that GDP increases faster when child mortality and GDP are low,
and reaches an equilibrium at G⇤ = 10.9, similar to that of the USA in 2008.

The above discussion simply tells us the best model for fitting the data
and tells us nothing about how reliable the model is compared to alterna-
tives.The log-likelihood of the best fit models with m terms is

L(m) = logP (dC, dG|C,G,m,�

⇤
m

) (5)

where �

⇤
m

is the unique parameter values obtained from the best fit re-
gression out of all of the

�
13
n

�
models with m terms. Assuming that the actual

observations are due to Gaussian noise L(m) is the logarithm of the error
sum of squares scaled by the variance (citation). Figure 2 shows that the
more terms we include in the model the better the fit to the data.

A key question about the robustness of our approach is why we chose a
particular number of terms. L(m) always improves with additional terms. As
a result, over reliance on L(m) can lead to overfitting the data or accepting

10
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an accurate model that has little predictive power. In general, a model with
more terms has a larger model-space to fit the data and hence is less precise
even if it is more accurate. To address this problem we calculate the Bayes
factor B(m) for the set of models which have the largest log-liklihood. Bayes
factor compensates for the increase in the dimensions of the model search
space by integrating over all parameter values, i.e.

B(m) =

Z

�m

P (D|m,�

m

)⇡(�
m

)d�
m

(6)

The Bayes factor is thus the likelihood averaged over the parameter space
with a prior distribution defined by ⇡(�

m

). In our case, we do not normalise
by the null hypothesis as is done in, for example, in Robert [1994]. We choose
a non-informative prior distribution Ley and Steel [2009]. ⇡(�

m

) is chosen
to be uniform over the range of parameter values. This range of values is
chosen to include all feasible values but to be small enough for the integral
to be computed using Monte Carlo methods.

Figure 2 (a) gives L(m) and B(m) as a function of the number of terms
m in the model for child mortality. Here only the best possible models with
m terms obtained from linear regression analysis are considered. While L(m)
continuously increases with number of terms, B(m) increases till m = 3 and
then decreases. Looking at the plot, we see that the three term model for
dC

dt

involves adding a constant term and changing the constants related to
the e↵ect of G and C. Importantly, the additional term does not change
the role of G and C in determining dC

dt

. As in the two term model, higher
GDP and lower child mortality still cause greater decreases in child mortality.
Similarly the four term model adds another term (1/G) to the three term
model and slightly alters the parameter values for the other terms. The
overall e↵ect of this addition remains the same, so that the percentage change
in child mortality is high when GDP is high and child mortality is low. This
conclusion reassures us about the robustness of equation 3 as a model. If
by adding an extra term we had completely changed the interpretation of
the model, then we would have less confidence that this model provides a
reflection of an underlying reality.

The two term model of log GDP improves only slightly relative to the
one term model (figure 2b). This result reduces our confidence in equation
4 as a good model. The one term model with the highest log-likelihood is

dG

dt

= 0.002G

11
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  Transi%on?	
  

Figure 4: An increase in C reduces rate of decrease of A, increase in G reduces
rate of decrease of C, and increase in A reduces rate of increase in G. All
variables also have a controlling e↵ect on themselves, while the third variable
has only a minimal e↵ect.

a few data points is likely to change parameter values without significantly
changing the model structure itself. Interestingly, we see that sometimes the
two variable models actually perform better than the three variable models
with corresponding terms in the Bayes factor plots whereas log-likelihood
values are monotonic increasing in the number of terms. For example the
best 3-term dA model with only A and C has a greater Bayes factor value
than the best 3-term dA model with all variables included.

Based on these plots, we can choose a set of models with fewer variables
and hence less complexity, while obtaining good accuracy in modeling. To
address the issue of a common variable controlling both C and A, we look
at four-variable models, now including an indicator for education.

Based on the linear regression estimator, first we find that the ‘best’
models for the three variables are:

dG = G

t+1 �G

t

=
0.043

A

t

(16�G

t

� 51

G

t

) (7)

dC = C

t+1 � C

t

= �0.01C
t

(0.1G
t

A

t

+
40

G

t

A

t

� 0.01A
t

)� 0.04A2
t

(8)

dA = A

t+1 � A

t

= �0.0007A
t

(100 + 9A
t

� 0.11C
t

� 13

A

t

) (9)

(10)

In the dG model, we see that the model does not explicitly depend on
C

t

. As conjectured in the two variable case, the increase in GDP is only

15

High GDP 
decreases 
child mortality 

Low fertility 
increases 
GDP 

Low child 
mortality 
decreases 
fertility  
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Inglehart & Baker (2005) The Human Development 
Sequence, Cambridge Unviersity Press 
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portance of family life, and are relatively au-
thoritarian; most of them place strong em-
phasis on religion. Advanced industrial soci-
eties tend to have the opposite characteris-
tics. It would be a gross oversimplification
to assume that all known preindustrial soci-
eties had similar characteristics, but one can
meaningfully contrast the cultural character-
istics of industrial societies with those of this
mainstream version of preindustrial society.

There are various ways to measure the
character of societal cultures. We build on
prior findings by constructing comparable
measures of cross-cultural variation that can
be used with all three waves of the World
Values Surveys at both the individual level
and the national level. Starting with the vari-
ables identified in analysis of the 1990–1991

surveys, we selected variables that not only
tapped these two dimensions, but appeared
in the same format in all three waves of the
World Values Surveys. Inglehart (1997) used
factor scores based on 22 variables, but we
reduced this number to 10 items to minimize
problems of missing data (if one variable
were missing, we would lose an entire nation
from the analysis).

Table 1 lists the 10 items that tap the tradi-
tional versus secular-rational dimension and
the survival versus self-expression dimen-
sion, using a factor analysis of the World
Values Survey data aggregated to the na-
tional level.3 The items in each dimension

Table 1. Items Characterizing Two Dimensions of Cross-Cultural Variation: Nation-Level Analysis

Factor Loadings

Dimension and Item Nation Level Individual Level

Traditional vs. Secular-Rational Valuesa

TRADITIONAL VALUES EMPHASIZE THE FOLLOWING:
God is very important in respondent’s life.  .91 .— .70 .—
It is more important for a child to learn obedience and religious .89 .— .61 .—
    faith than independence and determination.b

Abortion is never justifiable.  .82 .— .61 .—
Respondent has strong sense of national pride.  .82 .— .60 .—
Respondent favors more respect for authority.  .72 .— .51 .—

(SECULAR-RATIONAL VALUES EMPHASIZE THE OPPOSITE)

Survival vs. Self-Expression Values c

SURVIVAL VALUES EMPHASIZE THE FOLLOWING:
Respondent gives priority to economic and physical security over .— .86 .— .59
    self-expression and quality-of-life.d

Respondent describes self as not very happy. .— .81 .— .58
Respondent has not signed and would not sign a petition. .— .80 .— .59
Homosexuality is never justifiable. .— .78 .— .54
You have to be very careful about trusting people. .— .56 .— .44

(SELF-EXPRESSION VALUES EMPHASIZE THE OPPOSITE)

Source: Nation-level and individual-level data from 65 societies surveyed in the 1990–1991 and 1995–
1998 World Values Surveys.

Note: The original polarities vary. The above statements show how each item relates to the given dimen-
sion, based on a factor analysis with varimax rotation. Number of cases for nation-level analysis is 65; total
N for individual-level is 165,594 (smallest N for any of the above items is 146,789).

a Explains 44 percent of cross-national variation, and 26 percent of individual-level variation.
b Autonomy index.
c Explains 26 percent of the cross-national variation, and 13 percent of the individual-level variation.
d Measured by the four-item materialist/postmaterialist values index.

3 To avoid dropping an entire society from our
analysis when one of these variables is not avail-

Inglehart & Baker, American Sociological Review, 2000   
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be predicted—from attitudes toward abor-
tion, level of national pride (highly religious
nations rank high on national pride), the de-
sirability of more respect for authority (reli-
gious nations place much more emphasis on
respect for authority), to attitudes toward
childrearing. The survival/self-expression di-
mension reflects another wide-ranging but
tightly correlated cluster of variables involv-
ing materialist values (such as maintaining
order and fighting inflation) versus post-
materialist values (such as freedom and self-
expression), subjective well-being, interper-
sonal trust, political activism, and tolerance
of outgroups (measured by acceptance or re-
jection of homosexuality, a highly sensitive
indicator of tolerance toward outgroups in
general).

Economic development seems to have a
powerful impact on cultural values: The
value systems of rich countries differ sys-
tematically from those of poor countries.
Figure 1 shows a gradient from low-income
countries in the lower left quadrant, to rich
societies in the upper right quadrant. Figure
2 redraws Figure 1, showing the economic
zones into which these 65 societies fall. All
19 societies with an annual per capita gross
national product over $15,000 rank relatively
high on both dimensions and fall into a zone
at the upper right-hand corner. This eco-
nomic zone cuts across the boundaries of the
Protestant, ex-Communist, Confucian,
Catholic, and English-speaking cultural
zones. All societies with per capita GNPs be-
low $2,000 fall into a cluster at the lower left
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Figure 1. Locations of 65 Societies on Two Dimensions of Cross-Cultural Variation: World Values
Surveys, 1990–1991 and 1995–1998

Note: The scales on each axis indicate the country’s factor scores on the given dimension. The positions
of Colombia and Pakistan are estimated from incomplete data.
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Figure 2: Change in Survival vs. Self-Expression Values (x-axis) against Traditional vs. Secular-Rational Values
(y-axis). This is the same as 4, but here we show the line T = 1.28S .

in their values. Additionally we plot a model fitting, seen as arrows, of the overall change
over all countries. One of the key questions here is identifying thresholds for social change.
In figure 4 we see that for survival societies there is typically a decrease in secular values,
but once survival passes some threshold towards self-expression then secularity increases in
society. This is seen as the arrows for traditional values change direction from pointing down
to pointing up when self-expression reaches about 0.4. Such transitions may be useful in
predicting large scale social change, such as the Arab spring. Values data can also be linked to
world bank socio-economic data to see how, for example, economic growth influences values.

The equations relating survival vs. self-expression (S ) and traditional vs. secular are
dS
dt
= 0.0074(18.9 + S )

dT
dt
= 0.013(1.28S − T )

The first equation tells us that self-expression increases in general. When self-expression is
already positive it increases faster, and if it is positive it increases it slower. However, this
latter effect is weak compared to the basic growth rate (i.e. 18.9 is bigger in magnitude than
the range −2 to 2 which can be taken by S .

The second equation shows there is an interaction between the two value dimensions.
Survival societies (i.e. negative S ) will see a decrease in secular values and an increase in
traditional values. Indeed, it appears that once self-expression reaches a sufficiently high level
we see a transition from traditional to secular values. The line T = 1.28S determines where
the transition occurs. ....

Previously, Inglehart has shown that survival vs self-expression values are linked with GDP.
We also find that when relating S and G we get
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The first equation tells us that self-expression increases in general. When self-expression is
already positive it increases faster, and if it is positive it increases it slower. However, this
latter e↵ect is weak compared to the basic growth rate (i.e. 18.9 is bigger in magnitude than
the range �2 to 2 which can be taken by S .

The second equation shows there is an interaction between the two value dimensions.
Survival societies (i.e. negative S ) will see a decrease in secular values and an increase in
traditional values. Indeed, it appears that once self-expression reaches a su�ciently high level
we see a transition from traditional to secular values. The line T = 1.28S determines where
the transition occurs. ....
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The equation for S is always positive. Interestingly, it seems that increasing GDP drives
a society from survival values to self-expression. But likewise S drives GDP increases.
However, these results need a Bayes factor analysis, since GDP is notoriously hard to predict.

The equations relating G and T are:

dG

dt

= 0.00151G(11.2 �G)

dT

dt

= 0.00116G(G � 10.04)

The first equation confirms that traditional or secular values have no role in determining GDP.
Rather GDP grows for poor countries and eventually reaches equilibrium at 11.2 (roughly that
of Luxenbourg in 2009). More interesting is the importance G has on determining T . When
G is less that 10 then traditional values increase and secular-rational values decrease, but when
G exceeds 10 then secular-rational values increase. Bahrain, Korean Republic, Malta, New
Zealand, Oman and Saudi Arabia all had log(GDP)s of between 9.9 and 10.1 in 2009.
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The equation for S is always positive. Interestingly, it seems that increasing GDP drives
a society from survival values to self-expression. But likewise S drives GDP increases.
However, these results need a Bayes factor analysis, since GDP is notoriously hard to predict.

The equations relating G and T are:
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dt

= 0.00151G(11.2 �G)

dT

dt

= 0.00116G(G � 10.04)

The first equation confirms that traditional or secular values have no role in determining GDP.
Rather GDP grows for poor countries and eventually reaches equilibrium at 11.2 (roughly that
of Luxenbourg in 2009). More interesting is the importance G has on determining T . When
G is less that 10 then traditional values increase and secular-rational values decrease, but when
G exceeds 10 then secular-rational values increase. Bahrain, Korean Republic, Malta, New
Zealand, Oman and Saudi Arabia all had log(GDP)s of between 9.9 and 10.1 in 2009.
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in their values. Additionally we plot a model fitting, seen as arrows, of the overall change
over all countries. One of the key questions here is identifying thresholds for social change.
In figure 4 we see that for survival societies there is typically a decrease in secular values,
but once survival passes some threshold towards self-expression then secularity increases in
society. This is seen as the arrows for traditional values change direction from pointing down
to pointing up when self-expression reaches about 0.4. Such transitions may be useful in
predicting large scale social change, such as the Arab spring. Values data can also be linked to
world bank socio-economic data to see how, for example, economic growth influences values.
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dt
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The first equation tells us that self-expression increases in general. When self-expression is
already positive it increases faster, and if it is positive it increases it slower. However, this
latter e↵ect is weak compared to the basic growth rate (i.e. 18.9 is bigger in magnitude than
the range �2 to 2 which can be taken by S .

The second equation shows there is an interaction between the two value dimensions.
Survival societies (i.e. negative S ) will see a decrease in secular values and an increase in
traditional values. Indeed, it appears that once self-expression reaches a su�ciently high level
we see a transition from traditional to secular values. The line T = 1.28S determines where
the transition occurs. ....

Previously, Inglehart has shown that survival vs self-expression values are linked with GDP.
We also find that when relating S and G we get
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an accurate model that has little predictive power. In general, a model with
more terms has a larger model-space to fit the data and hence is less precise
even if it is more accurate. To address this problem we calculate the Bayes
factor B(m) for the set of models which have the largest log-liklihood. Bayes
factor compensates for the increase in the dimensions of the model search
space by integrating over all parameter values, i.e.

B(m) =

Z

�m

P (D|m,�

m

)⇡(�
m

)d�
m

(6)

The Bayes factor is thus the likelihood averaged over the parameter space
with a prior distribution defined by ⇡(�

m

). In our case, we do not normalise
by the null hypothesis as is done in, for example, in Robert [1994]. We choose
a non-informative prior distribution Ley and Steel [2009]. ⇡(�

m

) is chosen
to be uniform over the range of parameter values. This range of values is
chosen to include all feasible values but to be small enough for the integral
to be computed using Monte Carlo methods.

Figure 2 (a) gives L(m) and B(m) as a function of the number of terms
m in the model for child mortality. Here only the best possible models with
m terms obtained from linear regression analysis are considered. While L(m)
continuously increases with number of terms, B(m) increases till m = 3 and
then decreases. Looking at the plot, we see that the three term model for
dC

dt

involves adding a constant term and changing the constants related to
the e↵ect of G and C. Importantly, the additional term does not change
the role of G and C in determining dC

dt

. As in the two term model, higher
GDP and lower child mortality still cause greater decreases in child mortality.
Similarly the four term model adds another term (1/G) to the three term
model and slightly alters the parameter values for the other terms. The
overall e↵ect of this addition remains the same, so that the percentage change
in child mortality is high when GDP is high and child mortality is low. This
conclusion reassures us about the robustness of equation 3 as a model. If
by adding an extra term we had completely changed the interpretation of
the model, then we would have less confidence that this model provides a
reflection of an underlying reality.

The two term model of log GDP improves only slightly relative to the
one term model (figure 2b). This result reduces our confidence in equation
4 as a good model. The one term model with the highest log-likelihood is

dG

dt

= 0.002G
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The equation for S is always positive. Interestingly, it seems that increasing GDP drives
a society from survival values to self-expression. But likewise S drives GDP increases.
However, these results need a Bayes factor analysis, since GDP is notoriously hard to predict.

The equations relating G and T are:

dG

dt

= 0.00151G(11.2 �G)

dT

dt

= 0.00116G(G � 10.04)

The first equation confirms that traditional or secular values have no role in determining GDP.
Rather GDP grows for poor countries and eventually reaches equilibrium at 11.2 (roughly that
of Luxenbourg in 2009). More interesting is the importance G has on determining T . When
G is less that 10 then traditional values increase and secular-rational values decrease, but when
G exceeds 10 then secular-rational values increase. Bahrain, Korean Republic, Malta, New
Zealand, Oman and Saudi Arabia all had log(GDP)s of between 9.9 and 10.1 in 2009.
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The first equation confirms that traditional or secular values have no role in determining GDP.
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of Luxenbourg in 2009). More interesting is the importance G has on determining T . When
G is less that 10 then traditional values increase and secular-rational values decrease, but when
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Zealand, Oman and Saudi Arabia all had log(GDP)s of between 9.9 and 10.1 in 2009.
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in their values. Additionally we plot a model fitting, seen as arrows, of the overall change
over all countries. One of the key questions here is identifying thresholds for social change.
In figure 4 we see that for survival societies there is typically a decrease in secular values,
but once survival passes some threshold towards self-expression then secularity increases in
society. This is seen as the arrows for traditional values change direction from pointing down
to pointing up when self-expression reaches about 0.4. Such transitions may be useful in
predicting large scale social change, such as the Arab spring. Values data can also be linked to
world bank socio-economic data to see how, for example, economic growth influences values.

The equations relating survival vs. self-expression (S ) and traditional vs. secular (T ) are
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= 0.0074(18.9 + S )

dT

dt

= 0.013(1.28S � T )

The first equation tells us that self-expression increases in general. When self-expression is
already positive it increases faster, and if it is positive it increases it slower. However, this
latter e↵ect is weak compared to the basic growth rate (i.e. 18.9 is bigger in magnitude than
the range �2 to 2 which can be taken by S .

The second equation shows there is an interaction between the two value dimensions.
Survival societies (i.e. negative S ) will see a decrease in secular values and an increase in
traditional values. Indeed, it appears that once self-expression reaches a su�ciently high level
we see a transition from traditional to secular values. The line T = 1.28S determines where
the transition occurs. ....

Previously, Inglehart has shown that survival vs self-expression values are linked with GDP.
We also find that when relating S and G we get

2

an accurate model that has little predictive power. In general, a model with
more terms has a larger model-space to fit the data and hence is less precise
even if it is more accurate. To address this problem we calculate the Bayes
factor B(m) for the set of models which have the largest log-liklihood. Bayes
factor compensates for the increase in the dimensions of the model search
space by integrating over all parameter values, i.e.

B(m) =

Z

�m

P (D|m,�

m

)⇡(�
m

)d�
m

(6)

The Bayes factor is thus the likelihood averaged over the parameter space
with a prior distribution defined by ⇡(�

m

). In our case, we do not normalise
by the null hypothesis as is done in, for example, in Robert [1994]. We choose
a non-informative prior distribution Ley and Steel [2009]. ⇡(�

m

) is chosen
to be uniform over the range of parameter values. This range of values is
chosen to include all feasible values but to be small enough for the integral
to be computed using Monte Carlo methods.

Figure 2 (a) gives L(m) and B(m) as a function of the number of terms
m in the model for child mortality. Here only the best possible models with
m terms obtained from linear regression analysis are considered. While L(m)
continuously increases with number of terms, B(m) increases till m = 3 and
then decreases. Looking at the plot, we see that the three term model for
dC

dt

involves adding a constant term and changing the constants related to
the e↵ect of G and C. Importantly, the additional term does not change
the role of G and C in determining dC

dt

. As in the two term model, higher
GDP and lower child mortality still cause greater decreases in child mortality.
Similarly the four term model adds another term (1/G) to the three term
model and slightly alters the parameter values for the other terms. The
overall e↵ect of this addition remains the same, so that the percentage change
in child mortality is high when GDP is high and child mortality is low. This
conclusion reassures us about the robustness of equation 3 as a model. If
by adding an extra term we had completely changed the interpretation of
the model, then we would have less confidence that this model provides a
reflection of an underlying reality.

The two term model of log GDP improves only slightly relative to the
one term model (figure 2b). This result reduces our confidence in equation
4 as a good model. The one term model with the highest log-likelihood is

dG

dt

= 0.002G
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  Space	
  

•  Tool	
  for	
  looking	
  at	
  indicators	
  and	
  value	
  
interac%ons.	
  (Democracy,	
  well-­‐being….)	
  

•  Can	
  include	
  more	
  invidual	
  level	
  data.	
  

•  	
  Very	
  much	
  work	
  in	
  progress.	
  Input	
  and	
  
ques%ons	
  very	
  much	
  welcome.	
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Sex	
  ra%o	
  and	
  Salary	
  

€ 

s(t +1) = 0.037s(t) − 0.004s(t)2

€ 

f (t +1) = −0.06 f (t) +
0.47
s(t)2

+ 0.006 f (t)s(t)

Salary: 

Females: 


