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Abstract
We develop an endogenous growth model in which technological progress raises the

e±ciency of time allocated to education and knowledge and ideology play complementary
roles in determining individuals' e±ciency units of labor input. A higher supply of ag-
gregate units of e±ciency labor generates incentives to invent new technologies because
it raises the monopoly rents from the introduction of such technologies. We show that
economies with initally more \fact-consistent" ideologies are likely to invest more in ed-
ucation and as a result experience faster technological progress and growth. Somewhat
paradoxically, we also demonstrate that those economies that start out with relatively
more fact-consistent ideologies are the ones likely to experience a weakening support for
their ideologies. Support for °exible ideologies that evolve over time remains high even
in the long run. When there exists a
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ideology could survive inde¯nitely even in a stationary world. As time wears
on and these tests are being perfected, they do their work more quickly and

more e®ectively. But this still leaves us with the result that some ideology
will always be with us so, I feel convinced, it will. But this is no misfor-
tune...[T]hough we proceed slowly because of our ideologies, we might not
proceed at all without them."

In this paper, we incorporate ideology into an endogenous growth model. We
present an overlapping generations model that examines how individuals make decisions
when they have incomplete knowledge of the world. We develop the idea that individuals

adopt ideologies to complement their formal learning in order to form working hypotheses
about facts that their schooling does not fully explain. In other words, individuals adopt
ideologies to help them conjecture about the way their world works when formal schooling
exposes them only to a portion of this knowledge. The more ideologies accurately reveal

what cannot be learned through schooling, the more \fact-consistent" they are. We
embed this idea in an endogenous growth model and show how education and ideology
interact to in°uence technological progress and growth.

This approach allows us to draw several interesting conclusions. First, we show how

economies that initially have ideologies which are more consistent with reality are likely
to accumulate more human capital, and consequently, experience faster technological
progress and growth. Second, and somewhat paradoxically, we demonstrate that those
economies that start out with relatively more fact-consistent ideologies are the ones

likely to experience a weakening support for their ideologies. However, support for
°exible ideologies that evolve over time remains high even in the long run. Third, the
model highlights an important two-way interaction between education and ideology in
which ideology a®ects the e±ciency of education in learning facts about the world, and
education a®ects ideological interpretations. In fact, it is this very interaction which

primarily determines whether ideologies are °exible enough to survive in the long run.
Fourth, based on the interaction between education and ideolog





scienti¯c and technological advances is not new{as their variants can be traced back to
Hume (1911) and Comte (1855) who argued as such speci¯cally with respect to religion{

supportive empirical evidence has recently begun to emerge. For example, Sacerdote
and Glaeser (2001) ¯nd that religious attendance rises sharply with education across
individuals but that it declines strongly with education across denominations. They
show that denominations are fundamentally de¯ned by their religious doctrines and that

o
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The paper is structured as follows. Section 2 discusses and justi¯es the basic

building blocks of our model. Section 3 sets up the basic model and describes the role
and the determination of ideology. Section 4 considers the dynamic evolution of this
economy. Section 5 discusses impdetssse

emmoSl n o

e d d Tc (f) Tj
9 0  TD -0c (c) Tj
9.75 0  TD (d) Tj
10.5 0  TD (d) Tj
6. 0  TD 08dd Tj
5.25 0  TD -0.264  Tc (.) Tj
11.1TF29 0  TD (c) Tj
5.25 0  TD -0.06  Tc (t) Tj
 08dd Tj
5.25 0  TD -0.264  Tc (.) Tj
11.1TF29 0  TD  Tc (pd) Tj
6.7d (e) Tj -0.-.-.-.-.-.-.-T  TD 0.03  Tc (e) Tj
5.25 2
5.25 0  TD .5 0  TD (d) Tj
6.75 0  TD 0.03  Tc (e) Tj
5.25 0  TD -0.132  Tc (Tj
4.5 0  TD 0.234  mTD -0  0c (c) T2  TD -0.264  Tc (.)0c (c) T.TD (c) Tj
5.25 0  36c (c) TTTD (c) Tj
5.25 0  T12j
-444 -18.7D (s)  0  TD 156D .5 0  TD ( Tc (.) Tj
11.s) Tj
4.BTD (c) Tj
5.25 0  T12j
-444u 0  TD (s)  0  TD (0c (c) T) Tj
6.75 0  T 0  TD 0.234  Tc (  T12j
-444d 0  TD (s)  0  TD (0c (c) T) Tj
6..234  Tc (  T12j
-444n 0  TD (s)  0  D (0c (c) TgTj
5.25 0  TD 0.132.s) Tj
4.BTD (c) Tj
5.25 0TD (0c (c) T0  TD 0.234  Tc (  T0c (c) To 0  TD (s)  0  D (12j
-4441TF29 0  TD  Tc (pd)36c (c) Tkj
3.75 0  TD 0.03  Tc60.03  Tc (e)-105 0  (o) Tj
5.25/F04  mTD -0  TD 0.03  OTD -0.06  Tc 64  Tc (i) Tj
3.75 0  TD 0.03  Tc (c) Tr 0  TD 0.03  Tc (c)0.042  Tc (m) Tj
j
3 0  TD 0.132  Tc (o) Tj
6 0  TD 0.2344.834  Tc (S Tc (c) Tj
5.25 0  TD 0.132  Tc (o) Tj
6 Tj
6.7d (e) TjD (s)  0  TD (e) Tj
5.234  Tc (n) Tj
0  TD .5 0  TD (d) Tj
6.75 0  TD 0.03  Tc (e) Tj
5.25 0  T0c (c) Tj
9.75 0  TD (d) Tj4 Tc (s) Tj
4.5 0  TD (s) Tj
4.5 0  TD 0.03  Tc (e) T5 0  TD -0.264  Tc (.) Tj
(t) Tj
4.5 0  TD -0.264  Tc (i) Tj
3 0  TD 0.132  Tc (o03  Tc (e) Tj  Tc Tc (e) T(s) Tj
4.5 0  T Tj
6. 0  TD 08d) Tj
10.5 0  TD (d Tj
5j1 (o) Tj
6 0  TD 0.234  Tc (n(e) Tj -0.-.-.-.08d) Tj
10.5 0  TD (d Tj
5j1 () Tj
3 0wTD -0.06  Tc (t)2 0  TD 0.132  Tc (4) Tj
10.5 0  T0  TD -0.264  Tc (i) Tj
3 0 g.75  TD 0.03  Tc (e) Tj
5.25k Tc (t) Tj
 08d) T TD .5 0  TD (d) Tj
6.75 0  T Tj
5.25 0  TD Tc (.) Tj
11.1TF29 0 3.75 0  TD -0.042 0  TD 0.234  Tc (d) Tj
6.75 0  TD -0.264  T  Tc (i) Tj
3.75 0  TD 0.03  Tj
6.75 0  TD -0.132  Tc (s) Tj
4.5 0  TD (s) Tj
4.5 00c (c) Tj
9.75 0  TD (d) Tj
10.5 0  TD (d) Tj
6. 0  TD 08d) Tj
10.5 0 5 0  TD (d Tj
5.25 0  TD -j
6.75 0  TD 0.03  Tc (e) Tj
5.25 0  TD -0.132 :c (e)-285Tj
6(o) Tj
5.25 0D -0.132 Ic (e) Tj
5.25 0  T0c (c) T)0  TD 4) Tj
6.75 /F24  mTD -0  02-0.132 Ic (e) Tj
5.25 0  T12j
-444d 0  T-j
6.75 0  TD8D .5 0  TD (d) Tj
6.75   T12j
-4440.5 0 5 0  TD ( Tj
6 0  TD 0j
6.75   T12j
-4440.5 0 d) Tj
6.75 0  TD8j
3 0 g.75  d) Tj
6.75   31Tj
5.25 0  TD 1) Tj
6.75   T12j
-444 TD 0.Tj
3 0  TD15
5.25 0  TD -j
6.75   T12j
-444d 0  T 1) Tj
6.75 pd)30.03  Tc (e)d) Tj
6.75 0  TD8j
3 0   Tc (t) Tj
 08d) TT12j
-444 -18.7-j
6.75 40.5 0 d) Tj
6.75 40.5 0 5 0  TD ( Tj
6 0  TD 0j
6.75   (s) Tj
4.TD (d) Tj
6. 0  TD 05
5.25 0  TD -j
6.75 0  TD8j
3 0 g.75   1) Tj
6.75   T12j
-444 TD 0.Tj
3 0  TD3(e) Tj
5.234  0.234  Tc (u) TD8D .5 0  TD ( Tc (.) Tj
(t)30.03  Tc (e)d) Tj
6.75 0  3c (i) Tj
3.754  Tc (u) TD8D .5 0bc (e)ddddid 6 j 
 6 . 7 5  0   3 c  ( i )  T c  ( e ) 9 T j 
 6 .  0   T D  0 s d6 j 
 6 . 7 5  0   3 c  ( i )  T j 
 3 . 7 5  0   T D  0 . 0 D  0 stsd ti0  TD8D .5 0  TD (d) Tj
6.75   05
5.25 0  TD -Tj
6. 0  T0  TD8j
3 0 tD (d) Tj
6. 0  T TT12j
-444 TD 0.Tj
3 0  0  TD8j
3 0 tD (d) Tj
6. 0  TD 0sdD15
5.25 0  TD -j
6.75   0sc17d sS Tc (c) Tj
5.25 0  TD 0.132  Tc (o) Tj
10.5 0  T0  TD -0.264  Tc (i.25 0  T  Tc (t) Tj
 08d)csend T D  0 . 1 3 2   T c  ( o )  T j 
 1 0 . 5  0   T 0   T D  - 0 . 2 6 4   T c  5  0 0 c  ( c )  T j 
 9 . 7 5  0   T D  ( d )  T j 
 1 0 . 5  0   l 1 3 2   T c  ( 4 )  T T D  T  T j 
 5 . 2 5  0   T D  1   T c  ( o )  T j 
 1 0 . 5  0   T   T D  ( s )  T j 
 4 . 5  0 0 c  ( c )  T . 2 3 4   T c  ( n )  T j 
 0  . 1 3 2   T c  ( o )  T j 
 6  0   T D 0   T  T j 
 5 . 2 5 v  T D  ( s )  T j 
 4 . 5  0 
 1 0 . 5  0   T D  ( d )  6  0   T D  0 . 2 3 4 4 . 8 3 4   T c  ( S  T c  ( c )  T j 
 5 . 2 5  0   T D  0 . 1 3 2   T c  ( o )  T j 
 1 0 . 5  0   T d  0   T  1 )  T j 
 6 . 7 5  0 b c  ( e ) 
 6  0   T D 0   T  T j 
 5 . 2 5  0   T D  1   T c  ( o )  T j 
 1 0 . 5  0   T S j 
 3 . 7 5  0   T D  0 . 0 D  0 4 . 5  0   T 3 . 7 5  0   T D  - 0 . ( i . 2 5  0   T   T c  ( t )  T j 
  0 8 d ) n cc9 0 . 2 6 4   T c  5  0 0 c  ( c )  T j 
 9 . 7 5  0   T D  ( d ) 6 4   T c  ( i )  h   T D  - j 
 6 . 7 5     T D  . 5  0   T D  (  T c  ( . )  T j 
 ( t ) T D  0 . 0 3   T c  ( e )  T j 
 5 . 2 5  0 
 5 . 1 3 2   T c  ( o )  T j 
 6  0   T D j 
 . 2 5  0   T   T c  ( t )  T j 
  0 8 d ) 5  0 
 1 0 . 5  0   T D  ( d )  6  0   T D  0 . 1 T F 2 9  0  3 . 7 5  0   T D  - 0 . 0 4 2 ( o )  T j 
 6  0   T D  8ocds n c4c n n od

cmt o S  T c  ( c )  T j 5  0 
 1 0 . 5  0   TD ( d )  6  0   TD5  0 0 c  ( c )  T j 
 9 . 7 5  0   TD ( d ) 6 4 0 4 . 5  0   T 3 . 7 5  0   TD - 0 . 0 4 2 2 1 0 . 5  0   l 1 3 2   T 0 . 2 6 4   T c  4 , ois s decno



\Ideology is an economizing device by which individuals coc





The labor market is competitive. Thus, the wage rate paid to labor, wt, equals its
marginal product:

wt = (1 ¡ ®)
µ
Mt
Lt

¶®
. (2)

3.2. Individuals
I

p



acquired when young and the ideological inferences when old. This formulation can be
summarized as

hi



a given level of human capital would generate di®erent inferences about the knowledge
superset ª under di®erent ideologies.

Remark 1: (i) 8 ht+1 ¸ 0; higher Ikh; implies that the mapping Ik(:) is
more \e±cient" at that level of ht+1and that the ideological inference, Ãkt+1 is
more accurate: (ii) Higher human capital elasticity of ideological inference,
Ikh(h=Ik); implies that ideology k is more \°exible."

Then, when individuals subscribe to an ideology, their e±ciency units of labor
supply in period t+1, lt+1, depends on a combination of their human capital, ht+1, and

their chosen ideology with which they make broader inferences about their environment.
Although both schooling and ideology allow individuals to learn facts about the world,
the way those facts are learned can a®ect the application of them in the production
environment. In other words, we do not impose that facts learned through schooling and

facts learned through ideology are perfect substitutes in production. An individual's
\ideology-adjusted" e±ciency units of labor, lt+1, is then given by the following:

lt+1 =

8
<
:
l(ht+1; Ãkt+1) if the individual subscribes to ideology k;

h0t+1 ´ ¹Ã e(Át; 0) if the individual subscribes to no ideology, (5)

where the function l(:) is homogenous of degree one and satis¯es the following: l(0; Ãkt+1)

= l(ht+1; 0) ¸ 0; l(1; Ãkt+1) = l(ht+1;1) · 1, lh; lÃ > 0; lhh; lÃÃ · 0, and lhÃ , lÃh ¸ 0:

Remark 2: (i) When Ãkt+1 > ht+1, l(ht+1; Ãkt+1) = ht+1l(1; a) > h0t+1 where

a = Ãkt+1=ht+1 > 1; (ii) When Ãkt+1 · ht+1, l(ht+1; Ãkt+1) = ht+1l(1; a) T
h0t+1;where a = Ãkt+1=ht+1 · 1:
Proof: Both (i) and (ii) follow directly from l(:) being homogenous of degree
one, eÃ ; lh; lÃ > 0; lhh; lÃÃ · 0, and lhÃ , lÃh ¸ 0: 2
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In words, part (i) of Remark 2 implies that, when an ideology k provides additional
knowledge above and beyond what is learned through schooling (so that ht+1 k at abo o o132  Tc (a) T.
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individual ¯nds it optimal to subscribe to no ideology at all.21

Proposition 1: If ideologies are in°exible so that their human capital elas-
ticity of ideological inference, Ikh(h=Ik), is less than unity, then 9 ~Á, 0 · ~Á ·
1; such that, 8 Át · ~Á, individuals subscribe to ideology k ; and 8 Át > ~Á;
individuals subscribe to no ideology k; k 2 [0; ·].
Proof: If Át = 1; then e(1; Ãkmax) = 1 ) ht+1 = ¹Ã. Thu



low such that Á



that more fact-consistent ideologies (those with higher Ãkt+1's) will be associated with a
higher probability of technological advancement.22

More speci¯cally, we assume that ¯rms must purchase new machines in every period
t because machines depreciate fully in one period. Let qt denote the quantity of machines
utilized in production at time t. The machinery aggregate used in production at time t,
Mt; embodies both the quantity and the technological sophistication of machines:

Mt =
Át qt
®

1
®
: (9)

A new invention moves the underlying quality per machine one step up the quality
ladder. In particular, when there is an invention, the technology level Át increases such

that Át = ¹gÁt¡1, where ¹g > 1.23

3.4. The Adoption of New Technologies

The decision of a ¯rm j; j 2 [0; 1]; is

max
Ájt ; q

j
t ; L

j
t

¼jt = (M jt )®(L
j
t)1¡® ¡ ptqjt ¡ wtLjt ; (10)

where pt denotes the price per machine; which the ¯rm takes as given. The solution to

this problem yields, 8 j 2 [0; 1];

qjt =

"
(Ájt)

®(Ljt)1¡®

pt

# 1
1¡®

: (11)

22Clearly, all of the results developed so far would go through if we assumed that technological progress
were exogenous. By endogenizing technological .375  Tc (a) Tj
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As (11) implies, the demand for machines is strictly increasing in the level of
the underlying technology, Át: If at any given time t machines embed a new quality

improvement, a single ¯rm will own the patent for them. For older vintages of technology,
we assume that any prior patents have expired, the blueprints are readily available, and
that any ¯rm can produce machines that embed old technology at the constant marginal
cost c:24

Given that older vintages of technology are always available at a lower price, there
is no guarantee that ¯rms will prefer to buy machines which incorporate the newest
technology at a monopoly price. Firms will only be willing to pay a premium for new
technology if the resulting increase in e±ciency is large enough. Even when the net e±-

ciency gains warrant ¯nal-goods producers to switch to the newest technology machines,
however, the monopolist may not be able to charge c=®; which is the unconstrained op-
timal monopoly price given the isoelastic demand for machines de¯ned by (11). Hence,
the monopolist's markup, pt=c, would equal the smaller of 1=® and that which would

make ¯nal goods producers indi®erent between buying newer machines sold at monopoly
markups.

Lemma 1:

pt
c = min

µ
1
®; ¹gc

¶
> 1: (12)

Proof: Final-goods producers utilize machines with the lowest quality ad-
justed price. They can acquire older vintage machines which embed technol-
ogy Át¡1 at marginal cost c: They can buy machines with newest technology

Át at the monopoly price pt: Comparing pt=Át with c=Át¡1 we ¯nd that ¯nal-
goods producers choose to buy machines with older technologies if pt · ¹gc:
This implies that (pt=c) = (1=®) if ¹gc > (1=®); and (pt=c) = ¹g if ¹gc · (1=®):
2

24We have chosen to maintain a constant marginal cost for machine production to keep the analysis
focused on the relevant dynamics. If the cost of machine production was allowed to vary over time,
increased sophistication of the technology would argue for an increasing cost but higher production
e±ciency could have a potentially o®setting e®ect.
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Note that, the mo



If aggregate R&D activity is successful in advancing the economy-wide level of
technology in use, the probability that any given R&D ¯rm lands the monopoly rights

to sell new technology machines depends on the relative share of resources the ¯rm
spends on R&D, !nt =!t; (n = 1; 2; 3; :::; N). Put di®erently, conditional on the fact that
a technological improvement has occurred in any period t, the odds of a particular R&D
¯rm n being the inventor of that new technology depend positively on its R&D spending

relative to total R&D expenditure, !nt =!t.
Monopolists' patents expire after one period. Thus, if the technology does not

become obsolete after one period, consumption-goods ¯rms can replace existing machines
at their marginal cost, c. (Because machines depreciate fully in one period, producers

must purchase new machines in each period.) The decision of an R&D (u) Tj
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Proof: See Appendix, Section 7.1.

¤

Not surprisingly, aggregate equilibrium R&D e®ort in inventive activity, ~!t; ~!t =
N ~!nt , is increasing in monopoly pro¯ts from that invention or innovation.27

Proposition 3: 8n = 1; 2; 3; :::; N;

@~!nt
@¼t

¯̄
¯̄
!nt = ~!nt

> 0:

Proof: See Appendix, Section 7.2.

4. The Dynamics
In this model, the dynamic evolution of the economy will be determined by the

underlying level of technology, Át, where

Át =

8
<
:

¹gÁt¡1 with probability ¸t,

Át¡1 with probability 1¡ ¸t;
(18)

27By assumption, there is free-entry into research and development by relatively small ¯rms. Those
¯rms ignore their impact on both the economy-wide probability of success in generating new inventions
and the total number of R&D ¯rms (which in turn a®ect the conditional odds of landing monopoly
rights). If there had been one large ¯rm engaged in R&D, it would have taken into account the e®ect of
changes in its R&D resources, !t , on the probability of invention, ¸t , but the qualitative nature of the
results would have been una®ected. Similarly if there had been barriers to entry into the R&D sector
which would have restricted the number of ¯rms engaged in research and development, we would have
had to consider a game-theoretic solution but again the qualitative nature of the main results would
have remained intact.
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of human capital.29

Not surprNo



higher fraction of the knowledge superset can be revealed through formal learning when
technologies are relatively more sophisticated. Consequently, as technological progress

makes education more e±cient in learning about the world, the economic bene¯ts of sub-
scribing to an in°exible ideology decline more quickly with improvements in technology.
As a result, such an ideology will be abandoned sooner compared with a more °exible
ideology. The latter, of course, allows its adherents to reach inferences that capture a

greater fraction of the knowledge superset as their human capital expands in response to
improvements in the technology level. Thus, it remains economically useful for a longer
period of time.

[Figure 2 about here.]

5. Implications and Further Discussion
The model laid out above has a number of speci¯c implications, some of which we

have already discussed. In this section, we highlight the major ones more formally and
present the supporting evidence that are relevant to each.

I) Technological advances will lead to lower (higher) support for ideologies that impede
(enable) their followers from adjusting their ideological inferences accordingly.
As we stated in our introduction, Comte and Hume originally promoted the strictest
form of the idea that scienti¯c knowledge dispels religious beliefs. Since our model allows
ideologies to di®er in their °exibility of interpretation, its relevant implication is subtler:

The popularity and the following of the more fervent ideologies would decline in the face
of improvements in technological sophistication. In fact, as Sacerdote and Glaeser show,
more educated individuals sort into less dogmatic religious denominations. They note
that most of these less fervent denominations provide their followers more °exibility, for

example, in interpreting the connections among religiosity, worldly success and spiritual
rewards after death.
II) In°exibilities in ideological interpretations will lead to depressed worker productivity,
slower economic growth and development.
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Many historians have stressed the importance of a society's culture, ideology or reli-
gion in its willingness to adopt foreign ideas or technologies.30 For instance, Europeans

embraced gadgets like the compass and the cannon that were inve



norms and practices. In fact, as North (pp. 169-170) observes, the Industrial Revo-
lution \created impersonal factor and product markets and broke down old ideological

loyalties...[It] was characterized by sustained e®orts to develop new social and ethical
norms."
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economies that initially have ideologies which are more consistent with reality are likely
to accumulate more human capital and therefore generate faster technological progress

and growth. Somewhat paradoxically, we also demonstrate that those economies that
start out with relatively more fact-consistent ideologies are the ones likely to experience
a weakening support for their ideologies. In our model we emphasize an important two-
way interaction between education and ideology. This interaction plays a crucial role in

determining whether ideologies are °exible enough to survive in the long run. Based on
the interaction between education and ideology, we show that there exists circumstances
in which a °awed ideology is better than no ideology. And ¯nally, our model suggests
that the frequency with which ideologies are adopted and spread is decreasing in the

sophistication of technology.
In sum, we have attempted to unify existing work that shows the mutual depen-

dence of choices regarding ideology and human capital with that on the link between
human capital and long-run economic performance. In doing so, we have underlined

the importance of ideologies in leading to di®erential growth and development patterns
across countries over time.
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7. Appendix

² 7.1. Proof of Proposition 2:

For each ¯rm, n, n = 1; 2; 3; :::N; which takes as given the aggregate amount of
resources devoted to R&D in inventive activities, !t, the following hold:

!t

8
>>>><
>>>>:

= 0 if ¸t¼t < B!t

2 (0; 1) if ¸t¼t = B!t

= 1 if ¸t¼t > B!t

; (7.1)

Given that all R&D ¯rms are identical, !t = 0 and !t = 1 cannot hold in equilib-
rium, and !t 2 (0; 1) has to hold. And !t = N!nt ; !t 2 (0; 1), is a non-trivial
equilibrium outcome. 2

² 7.2. Proof of Proposition 3:

Using (17) and invoking the implicit function theorem,

@!nt
@¼t

¯̄
¯̄
!nt = !nt

= 1
N

¸t
B ¡ ¸0¼t

; (7.2)

In equilibrium resources devoted to R&D are such that ¸t¼t ¡ B!t = 0: This,
together with ¸0 > 0; ¸00 · 0, suggests that B¡¸0¼t is strictly positive. Thus, (7.2)

is strictly positive. 2
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