Escaping from poverty through compulsory schooling

Aurora Amélia Castro Teixeira1 

Pedro Cosme da Costa Vieira2
1 CEMPRE,( Faculdade de Economia do Porto, Universidade do Porto, Rua Dr. Roberto Frias, 4200-464 Porto, Portugal (ateixeira@fep.up.pt)

2 Faculdade de Economia do Porto, Universidade do Porto, Rua Dr. Roberto Frias, 4200-464 Porto, Portugal (pcosme@fep.up.pt)

Abstract

It is an empirical fact that low-level income countries manufacture low price commodities, using simple technology, with no investment in Research and Development (R&D). This constitutes a poverty trap where, on the one hand, it is not advantageous for workers to get further training and, on the other hand, poorly educated/trained workers cannot enter the R&D sector.

We present a theoretical model with two sectors, the Commodities sector and the R&D sector, which use labour as input. Using this model and applying computation techniques we investigate the impact of compulsory schooling. The conclusion is that the imposition by public authorities of a minimum level of schooling would make it possible for poorly developed countries to escape from the poverty trap.

Key words: Poverty trap; schooling; R&D

JEL Classification: I2; J24; O11; O32

1. Introduction

It is an empirical fact that low-level income countries manufacture low price commodities using simple technology, with little or no investment in Research and Development (R&D) with a view to producing new or improved commodities whose prices would be higher (Ashton and Green, 1996).

This situation represents a poverty trap (Azariadis and Drazen, 1990; Azariadis, 1996), which has two sides. First, the use of simple technology and lack of investment in R&D makes it unprofitable for workers to allocate a significant fraction of their time to schooling and, second, on the firms side, it is unproductive to engage workers with a low level of education in research and development activities.

In order to formally address this question, we present a two-sector theoretical model with a Commodities sector and an R&D sector, using labour as input, and assuming perfectly open and competitive markets.

In the Commodities sector, we assume that its output is consumption goods and that there is no increase in productivity when workers increase the time they devote to schooling. For the R&D sector, we assume that its output is the invention of techniques, which allow production of higher quality consumption goods (vertical differentiation). Additionally, as this sector is more technology intensive, its productivity increases when workers increase the time spent in school.

The model is derived using simulation methods, and confirms the existence of the poverty trap: There is a development threshold above which workers increase their utility by attending school and which, in turn, makes it feasible to develop an R&D sector. Below that threshold, countries do not develop, being trapped in a situation of poverty. 

As the market alone is incapable of overcoming this poverty trap, public authorities should intervene (Teixeira, 1997) for instance, by providing some kind of financial incentive for R&D investment or by imposing a minimum period of schooling. We investigate here the impact of public intervention in terms of compulsory schooling whereby workers are made to dedicate a certain number of hours a week to formal schooling. The results of this investigation demonstrate that measures taken to increase education/training will allow a poorly developed country to escape from the poverty trap.

2. General assumptions of the theory

Assuming that countries are in a situation of equilibrium, we first focus our attention on a single country and then present a cross-country comparative analysis. Let us assume that in the single country under analysis, workers, technology and firms are characterised in the following way: 

2.1. Characteristics of Workers

H1. There are M identical workers.

H2. Workers aggregated behaviour results from the maximisation of the utility function, U(L, K, Y), by a representative household. 

H3. Workers spend their time working, receiving a salary; studying, acquiring the degree of skills S; or being inactive.
H4. Workers spend their wages and profits on consumption.

H5. Workers are “price takers”. 

2.2. Characteristics of the technology

H6. There is in the economy only one good

H7. The good has different degrees of quality (vertical differentiation).

H8. The production of the good uses as input undifferentiated labour: yi = yi(l).

H9. The output quantity is independent of the output quality.

H10. For it to be possible to produce a good with quality K, the firm must have a certain amount of know-how. Technology does not save labour.

H11. Firm acquires know-how by investing in R&D.

H12. The R&D uses as input labour, which is more productive when the workers’ skills are higher: gi = g(l, S). It is a stochastic process with gi being the probability of quality improvement by firm i.

2.3. Characteristics of Firms

H13. There are in the market N firms that manufacture one good.

H14. The firm that possesses the technology to produce with the highest quality is a Stakelberg leader and other firms compete a la Cournot.

H15. Firms are optimisers of expected profit. 

3. Formalisation of the theory

Here we formalise the model so that it can be computed by numerical methods.

We assume time is discrete in periods with unitary duration. Utility is discounted with the constant ( and profits are discounted with the constant R.

3.1. Formalisation of workers’ market side

Workers instantaneous utility function being 
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, their behaviour taking account of all time periods is the inverse functions L and S. 

L is the time used on working both in producing and R&D, L = LY + LRD, and e.S the time spent on schooling (to achieve skill level S a worker must spend e.S time each period in school). 

As is standard in economic neo-classical theory, the utility function decreases with the amount of time the worker spends on working and studying, L, and increases with the quality of the goods, K, and with the quantity consumed, C.

We assume that the instantaneous utility function is:




C = L.W being the workers’ instantaneous budget constraint, LR&D the aggregated time used by firms on R&D activities and S the workers’ skill, the function G(LR&D, S) quantifies the probability, during the present time period, of discovery of how to improve the quality one step ahead (whatever the firm). With this probability, and assuming there are no savings, the workers’ inter-temporal expected utility function becomes:
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By maximizing this utility function one obtains the equilibrium wages when there is a market L supply of labour with skill level S (see Figure 1 and Figure 2):
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3.2. Formalisation of the technology

The degree of quality improves in regular steps (quality ladder) being that a good with quality k has a perceived marginal utility of (k (see workers’ utility function).

As k is the highest standard quality that may be manufactured in the present period; it would be possible for a firm to produce the good the next period with quality k+1 if it discovered the appropriate technology.

The “high standard” technology is not open to imitation, e.g., because of copyrights. Nevertheless, there are knowledge spillovers. First, imitation of the “second best” technology might be possible. Second, the objective of R&D investment by any firm is to improve its “high standard” technology one-step up.

The R&D output of a firm, g(l, S), quantifies the probability of a step improvement to the “high standard” technology by a certain firm if it hires l quantity of labour with the skill level S. The g(l, S) probability is non-correlated between firms and in time. This function is both an increasing function with quantity and skills of workers.
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Let us assume that the production function of each firm is 
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3.3. Formalisation of firms’ market side

In each period the “high standard” firm is able to produce the good with quality k, and the other “low standard” firms are able to produce the good with quality k–1. 

As workers (consumers) are indifferent about quality if it’s the price ratio is (, we can normalise the high quality good price to 1, the low quality good price thus becoming 1/(. As the price of lower quality goods will be smaller, will use the same amount of labour and the “second best” technology is public, no firm will produce goods with quality lower than K–1. This being so, there is one firm whose output quality is K and there are N–1 firms whose quality is K–1.

Considering only the present period of time, the profits of the “high standard” firm and the other “low standard” firms are, respectively:
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Assuming that the “high standard” firm is a Stakelberg leader, it will take account of the effect of hiring more labour on the “low standard” firms profit function. Assuming that firms are risk averse, the “low standard” firms’ output will be zero when its price is equal to the marginal cost. This being so, “high standard” firm will hire labour to increase wages till the low standard marginal cost is equal to 1/( and the “Low standard” firms’ output is zero - W = f’(l)/(.

As in the present period the “low standard” firm’s output is zero, it will only become a “high standard” firm if it discovers how to produce a higher quality product. Assuming that g is the probability that it does so, G* is the probability that one of other firms makes the discovery (firms are Cournot contestants), and 1 – G the probability that no firm makes the discovery, the “low standard” firm’s expected profit will be:
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This expression formalises that in the next period there are three possibilities for a “low standard” firm: it becomes the “high standard” firm, it continues to be “low standard”, but the “standard” increases to K + 1, or the “standard” does not increase. 

It is implicit that when an improvement is made to the product, instantaneously all “low standard” firms improve their output quality, the price of the previous high quality good decreases to 1/(, and 1 becomes the new higher quality good price. 

In relation to the “high standard” firm, although in the next period it may become a “low standard” firm it has no any incentive to invest in R&D in the present period because if it innovates to K+1 quality, other firms will imitate its K quality:


[image: image8.wmf][

]

[

]

[

]

{

}

G

low

K

E

G

high

K

E

K

W

l

l

y

high

K

E

l

y

y

y

|

)

1

(

)

1

(

|

)

(

)

(

)

(

max

|

)

(

:

+

+

-

+

-

=

=

p

p

p


If g is non-correlated between firms and independent of time, as the “high standard” firm does not invest in R&D and all other firms are identical, this becomes:
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The leader firm’s strategy will force wages to increase till low standard firms’ marginal costs of production are equal to price. As y(lY) = d.lY, the low standard firms output is zero when W ( d / (. Notice that wages do not change with the increase in R&D activity because the leader firm will always impose that W = d / ( (this limit wage maximises the “high standard” firm’s profit).

Thus, wages do not increase with increases in technological level, but workers improve their living standard because goods of higher quality imply higher utility.

4. Computation of market equilibrium

The model formalises a system of equations with four endogenous aggregated economic variables: LR&D(K), S(K), W(K) and LY(K) that are dependent of degree of development of the economy (the technological standard K). The evolution of endogenous variables with time is computed from the rate G.

The computation of the model is iterative. First, workers set a total supply of labour with a certain skill level when firms are at LRD level. Second, the leader firm announces the wage. Third, low standard firms choose the investment level LR&D in R&D.

Calibrating the R&D technology as 

, the utility function as 
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, and setting ( = 0.9, the supply of labour function and the school attendance function become:
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Figure 1 – Optimal supply of labour function
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Figure 2 – Optimal school attendance function
These figures show that when firms do not recruit labour to the R&D sector, workers do not spend time at school. A high level of R&D in the low development stage is required for workers to be motivated to attend school. 

The behaviour of workers being predictable, firms will adopt the strategy that maximizes their profits. Assuming R = 0.9 and d = 1, for different concentration scenarios the expected profit of a “low standard” firm becomes:
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Figure 3 – “Low Standard” firm expected profit

Although in a situation of “negative profit” a firm will get out of the market, this negative profit is the optimal “no zero” value:
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Figure 4 – “Low standard” firm best response function 
Figure 3 shows that without state intervention (e.g. subsidy to the R&D sector), there will be no development in “low development” countries. Even so, as in a more concentrated situation (N = 2) the firms expected profit is always higher, without state intervention this situation is more favourable to the development of “low development” countries.
As in less developed countries efficient distribution of subsidies tend to be difficult, an alternative policy is proposed here. Instead of a subsidy, we investigated the impact of compulsory schooling on “low development” countries. With a minimum of 30% of time required for training, it becomes profitable for firms to invest in the R&D sector even in “Low development” countries: 

[image: image16.wmf]-1.5

0

1.5

-10

0

10

20

30

40

50

Profit

K

N

 = 2

N

 = 2 and 

S

 

³

 0.3

L


Figure 5 – “Low Standard” firm expected profit (S ( 0.3L and N = 2)

Conclusion

Based on an economy with two sectors - the Commodities sector and the R&D sector- we built a theoretical model that shows that in low developed countries, firms do not invest in R&D because workers have a low level of schooling and workers do not allocate any significant proportion of their time to training because the use of simple technology and the lack of investment in R&D does not require this.

This result is a poverty trap, which the market is incapable of overcoming: there is a development threshold above which workers increase their utility by attending school, which, in turn, makes it possible to establish an R&D sector. Below that threshold, countries do not develop, and remain in a situation of poverty. 

Because the market cannot get over the barrier of this poverty trap, public authorities must intervene. An obvious possible focus for public policy is a subsidised R&D sector. 

In less developed countries efficient distribution of subsidies will not be easy. Thus, an alternative policy was proposed: intervention towards the workers in the form of a requirement for a certain period of school attendance. We conclude that, the imposition by public authorities of a minimum level of schooling for workers would make it possible for low development countries to escape from their poverty trap.
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