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Abstract:  

 

Post-reunification estimates of East-German per-capita income were barely one-

half the officially-reported level. This paper tries, first, to explain this discrepancy 

and, second, to account for the implied postwar economic divergence between the 

two Germanies. The statistical discrepancy is attributed to a deterioration in the 

quality of East-German production that coincided with the introduction of small 

computers. Economic divergence is explained with a model of collusion in which a 

fall in monitoring costs favors smaller, flatter organizations. The East-German 

regime failed to make the necessary structural adjustment, thereby depriving its 

managers of the incentives to match the quality of their more agile Western 

competitors. 
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Introduction 

 
 Shortly after German reunification in 1990, it became clear that the level of per-
capita income in the East was barely one-third that of the West.1 This finding raised two 
issues for economists. First, methodologically, how could the observed low productivity 
of East Germany be reconciled with official statistics which had placed that state’s per-
capita income at two-thirds the level of West Germany? Second, theoretically, how could 
the implicit postwar economic divergence between the two Germanies, in a period that 
saw most other industrialized economies converging, be explained? As will be shown 
below, the answers that have been offered to each of these questions have been less than 
satisfactory. 
 
 In this paper, we suggest an alternative approach based on the impact of new 
information and communication technologies. With regard to the methodological issue, 
we offer an interpretation for the statistical discrepancy that is compatible with both rapid 
postwar growth in the volume of East-German output and a low level of final per-capita 
income. The problem, we argue, lies in the measurement of quality. Applying a simple 
correction for changes in the quality of output, we identify the late 1960s as the 
approximate moment when growth in East Germany began to lag behind that of the West. 
We show that this break coincides with the diffusion of new information and 
communication technologies. As for the theoretical issue, we argue that by increasing the 
probability that a principal may verify his agent’s effort, these new technologies favored 
smaller, flatter organizations. While West-German firms adjusted by downsizing, the 
East-Germany authorities made the fatal mistake of concentrating production in giant 
Kombinate.  
 
 To return to the methodological issue, a revision of the East-German national 
accounts for the post-war period published in the 1989 German Democratic Republic 
(G.D.R.) Statistical Yearbook showed average real growth rates higher than those of West 
Germany. For the period 1950-1988, the East-German figure was 5.1 percent per year, as 
opposed to 4.4 percent in the West (compare the triangles with the solid line in Figure 1). 
But how could the East, which had started at a postwar income level similar to that of the 
West and had a higher subsequent growth rate nevertheless finish so far behind? The 
initial interpretation of this discrepancy was that the East-German figures had been 
manipulated in order to portray an unpopular regime in a favorable light.2 More recently, 
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however, it has been suggested that the 1989 data actually give a quite consistent picture 
of the G.D.R. free of “all known errors and administrative manipulation.”3 

 
[Insert Figure 1 about here.] 

 
 Measurement problems aside, economic divergence such as that which occurred 
between the two Germanies over the postwar period is difficult to explain by existing 
growth models. Divergence can occur in the exogenous-growth models of Solow (1956) 
and Swan (1956) if the savings rate of a poor economy falls relative to that of a richer 
one.4 Owing to differences in methodology, investment rates calculated under the 
Material Product System used in the G.D.R. are not comparable with those computed 
under the National Accounts System used in West Germany. Nevertheless, the East-
German reported data suggest that the explanation is not a shortage of savings. Between 
the first two postwar decades (1951-1969) and the last two (1970-1988), the reported 
average annual rate of output growth fell from 6.9 percent to 3.9 percent while at the same 
time the average annual investment rate rose from 8.1 percent to 9.9 percent. It would 
appear that for some reason, the incremental output-capital  ratio in East Germany 
declined substantially between the first and second halves of the G.D.R. period.5  
  
 Economic divergence can occur for a variety of reasons in models of endogenous 
growth. In the simplest AK models of Romer (1986) and Lucas (1988), steady-state 
growth rates are a positive function of a broad measure of the rate of saving, including 
both physical and human capital. Differences in the amount of skilled labor available for 
research can also affect the equilibrium growth rate in the intermediate-product-variety 
model of Romer (1990). However, there is no indication that East Germany’s economic 
troubles in the 1970s and 1980s were due to a shortage of skilled labor. The percentages 
of its young people enrolled in secondary school and higher education were higher than in 
most other industrialized countries -- including West Germany.6 The same argument 
would apply to the extension of the Solow-Swan model to include human capital 
proposed by Mankiw, Romer and Weil (1992). The decline in the marginal productivity 
of physical capital cannot be explained by a scarcity of human capital. 
 
 Economic divergence is also possible in a new class of endogenous growth models 
inspired by Schumpeter’s vision of the destructive impact of innovations on existing 
technologies. As formulated by Aghion and Howitt (1998), growth occurs through new 
technologies that arrival at random intervals, determined by a Poisson process. To the 
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extent that the arrival rates of innovations in two economies are distinct, their steady-state 
growth rates will also differ. East and West Germany started the postwar period with 
similar initial income and technology levels.  Since both economies were sufficiently 
small that most innovations arrived from abroad, the model suggests that the more open 
economy should grow more rapidly. As we shall see, prior to 1970, this prediction is not 
confirmed: East Germany’s output increased at least as rapidly as that of the West. And 
after 1970, the economy with the greater increase in openness -- the G.D.R. -- 
experienced the larger fall in its average growth rate. 
 
 As Aghion and Howitt (1998, 66) observe, almost all models of exogenous and 
endogenous growth have a common limitation. In neglecting institutions and transaction 
costs, they assume that institutional change has no important effects on productivity. The 
new institutional economics of Coase (1937), Williamson (1985) and North (1981, 1990), 
argues that resource allocation may be very sensitive to the transaction costs of measuring 
and enforcing.7 Progress occurs when institutions evolve in a direction that reduces 
transaction costs through a succession of small changes. In the case of postwar eastern 
Europe, transactions-costs theorists might argue, institutional decline occurred because 
the degree of competition was too low to assure the selection of an efficient path (North, 
1990, 95, 110). The difficulty in applying this approach to East Germany, however, is that 
during the first two postwar decades the path chosen by the socialist government was very 
successful in generating economic growth. 
 
 What then caused the collapse of the East German economy? A dynamic theory of 
interest-group formation proposed by Olson (1982) offers a possible answer to this 
question. Given enough time, he suggested, there will form within any organization 
coalitions whose object is to divert the institution’s resources to their own particular ends. 
As these groups become more powerful, the organization weakens and finally collapses. 
Hirschman’s (1970) model of exit and voice offers an additional insight into the effect of 
institutional considerations on performance. If the departure of dissatisfied members from 
an organization is blocked and internal dissent is repressed, then the mechanisms by 
which performance is maintained will fail. Accordingly, he argues, the collapse of the 
G.D.R. in 1989 was due to the “simultaneous repression of exit and voice in 1961” 
(Hirschman, 1993, 187). 
 
 Although there is an important element of truth in this interest-group approach, it 
cannot tell the whole story of organizational decline. It is interesting to note that the 
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Soviet Union was able to launch Sputnik at the same institutional age that saw the 
collapse of the G.D.R. Despite much higher levels of repression of both exit and voice 
than in East Germany, it was not until the 1970s that the average annual growth of output 
per worker in the Soviet Union fell below the three percent level (Easterly and Fischer, 
1994, Table 1). Indeed, perhaps the fact that is most difficult to explain by the 
neoclassical or institutional approaches is the virtually simultaneous fall of all of the 
centrally directed economies of Eastern Europe. The timing of these breakdowns suggests 
the presence of some external influence affecting each in similar ways. 
 
 In the end, recognition of the importance of institutions and transaction costs for 
economic growth simply pushes back the causal chain by one link. It immediately raises 
the further question of why institutions themselves change. In the case of the firm, 
Freeman (1994, 469-471) has suggested, the explanation may lie in new information and 
communication technologies. Our attempt to explore this insight, drawing on the 
experience of the two Germanies, has three parts. First, in Section I below, we try to 
determine the timing of the divergence between the two economies, using a procedure 
that corrects the Material Product System estimates for changes in quality. We show that 
the first signs of quality deterioration occurred at a moment when both East and West 
were being subjected to a technological shock as a new generation of small powerful 
computers began to be used in industry. 
 
 Second, in Section II, we investigate the links between institutional structure and 
productivity, applying a model of collusion proposed by Tirole (1986), and Laffont and 
Tirole (1991, 1993). We show that the choice of institutional structure for production 
depends on two technological parameters: first, the extent of potential scale economies 
and second, the probability of being able to monitor workers' effort. If scale economies 
and monitoring probability are both low, atomistic production will be favored. If scale 
economies then rise, large, vertically structured organizations with multiple decision-
making levels become efficient. Paradoxically, however, an increase in the probability of 
monitoring does not lead to still further increases in the steepness of organizations. 
Because the costs of correcting for information asymmetries rise, it becomes cheaper for 
the principal to monitor the agent directly rather than to hire an intermediary to do so. 
Flatter firm structures will therefore be favored. 
 
 Finally, in Section III, we show how institutional structure can affect economic 
growth. Technological change offers the possibility of increasing output by better using 



 
 

7

existing resources. However, the developments in information and communication 
technology in recent decades required a change in institutions before they could be 
effectively applied. More specifically, the new technologies built around the integrated 
circuit required smaller, flatter organizations to be used effectively. Under market 
pressures, the West-German economy made the required adjustments. However, by 
transforming its economy in the opposite direction in favor of giant Kombinate, the East-
German regime assured its own eventual collapse. 
 

I. The Measurement of Quality 
 
 Recently a commission of experts reported to the Senate of the United States that the 
Consumer Price Index has overstated inflation in that country by some 1.1 percent per 
year. Over half of this bias has apparently been due to inadequate adjustment for quality 
and the appearance of new products (Boskin et al., 1998). A detailed historical study of 
the price of lighting by Nordhaus (1997) suggests that this estimate of bias may be unduly 
conservative. A similar problem arises when one compares output growth in planned 
economies with that in Western countries. To the extent that quality improvements and 
new products did not occur in the East but did do so and were under-reported in the West, 
traditional growth rate comparisons will provide an overly favorable image of the planned 
economies. 
 
 Let Y represent the value of East-German aggregate production at world prices and 
V represent the volume of output measured by official statistics. If the data can be 
assumed to be free of deliberate manipulation, then any significant discrepancy in the 
growth rates of the two measures must be due to changes in the quality of output, q. 
 

  
q
dq

V
dV

Y
dY

+=       (1.1) 

 
The difficulty in applying equation (1.1) to estimate economic growth in East Germany is 
that q is not directly observable. 
 
 How might the quality of aggregate output in a non-market economy be measured?  
The success of a dynamic system may be evaluated by its ability to reproduce itself over 
time. If the quality of its current output falls, then each additional unit of that output that 
is put aside to be invested will generate less and less future production. For example, new 
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generations of computers, though increasingly costly to build, may have an ever-smaller 
impact on productivity. Accordingly, quality may be measured by a comparison of the 
incremental output-capital ratio in the planned economy to that of a benchmark measure 
in a market economy, indicated by asterisks:  
 

  
**/*

/
IOCR
IOCR

dKdV
dKdVq ηη =≡ ,     (1.2) 

 
where  η  is a constant and K is the reported capital stock. Then the rate of change in the 
quality index is: 

  
*
*

IOCR
dIOCR

IOCR
dIOCR

q
dq

−=       (1.3) 

 
Substituting from (1.3) into (1.1), we have: 
 

  ⎟
⎠
⎞

⎜
⎝
⎛ −+=

*
*

IOCR
dIOCR

IOCR
dIOCR

V
dV

Y
dY      (1.4) 

 
 A quadratic trend was fitted to the East and West-German incremental output-capital 
ratios from 1951 to 1988 (see Appendix A for the results). The ratio of the fitted values is 
shown in Figure 2. After remaining relatively stable in the 1950s and 1960s, this measure 
of quality fell sharply in the 1970s and 1980s. By 1988, the fitted ratio was 43 percent of 
its value in 1951.  Here, then, is a possible explanation of why actual per-capita income in 
East Germany turned out to be only about one-half the official level.8  
 

[Insert Figure 2 about here.] 
 
 Applying these quality estimates to the East-German total social product series with 
the help of equation (1.1), we obtained a corrected set of annual output growth rates, 
indicated by the ellipses in Figure 1. A comparison of this series with the official data 
marked by triangles reveals that this correction has virtually no effect for the period prior 
to 1969, which continues to show rapid growth. However, from 1969 to 1988, the revised 
estimates indicate that total real output actually fell -- by 0.4 percent per year on average -
- despite high levels of investment and an increasingly skilled labor force growing by 0.5 
percent annually. As explained in the introduction, these results are incompatible with 
existing models of exogenous and endogenous growth.  
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 The time at which the quality of East-German output began to deteriorate, between 
1965 and 1970, marks a turning point in the way information was processed by firms in 
Western industrialized economies. In the first half of the 1960s, most large firms had 
centralized data-processing centers to which information was sent from remote sites. It 
would then be processed by large computers such as the second-generation IBM 1401, 
introduced in 1959, and based on individual transistors. 
 
 In that same year, researchers at both Fairchild Semiconductor and Texas 
Instruments succeeded in combining two existing technologies. The planar process for 
printing electronic circuits onto a wafer of silicon was combined with the transistor 
(developed at Bell Labs in 1948) to yield the integrated circuit. As the production process 
was perfected, it was found that more and more components could be printed on each 
circuit. In the early 1960s, a small, robust computer designed around integrated circuits, 
dubbed the minicomputer, was introduced by the Digital Equipment Corporation. Less 
costly than large mainframes, the new machines were accessible to small firms and to 
individual branches or departments of large firms. Since they were air-cooled, they did 
not require expensive temperature-control equipment and could therefore operate in the 
harsh environment of the laboratory or the factory.9   
 
 Producers of the new small- and medium-scale computers quickly found a market in 
West Germany. Initially most of the models sold were imported, primarily from the 
United States. In 1960, office machines represented only six-tenths of one percent of 
West-German imports. By 1965, over one percent of imports fell into this category. In 
1970 office machines accounted for 1.8 percent of West-German imports.10 
Unfortunately, there is no breakdown of these data by size of computers for Germany. 
However, by 1987 there were over one million small and medium-scale computers made 
by American firms installed outside of the United States, roughly 1000 times as many as 
the number of large computers. In addition there were over 15 million personal computers 
in use outside the United States in that year.11 With over 10 percent of Western industrial 
production outside of the U.S., West Germany would have had approximately 100,000 of 
these small and mid-range machines and over 1 million personal computers in 1987. 
 
 The new technologies were quickly transferred to Eastern Europe. Indeed, in the 
1980s, East Germany became the COMECON's second most important producer of 
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electronic circuits after the U.S.S.R.. The giant Kombinate -- Zeiss-Jena and Robotron -- 
were the eastern bloc's principal suppliers of mid-sized and microcomputers. 
  
 Could there be some connection between the arrival of these new information 
technologies and the appearance of a discrepancy in quality-adjusted growth rates 
between East and West Germany? To answer this question we must turn to recent 
microeconomic models of contractual relations within the firm. 
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II.  Technology and the Selection of Organizational Form 
 
 In Coase’s (1937, 404) model of the firm, the boundary between individual 
producers, whose interactions are governed by the price mechanism, and the firm, where 
an employer controls the services of one or more agents, is determined by the costs of 
organizing. But what determines these costs? And under what circumstances will an 
employer control the work of an agent directly himself rather than hiring a supervisor to 
do so? 
 
 This is the problem formulated by Tirole (1986), who studied the implications of 
moral hazard in teams under the assumption that the information obtained by a supervisor 
is verifiable. By verifiable, he meant that the principal could convince himself that the 
information transmitted to him by the supervisor was true. The difficulty for the principal, 
we shall see, is that the supervisor, colluding with the agent, could decide not to transmit 
the information she obtained. Tirole’s formulation of the collusion problem assumes that 
any side contract between the supervisor and the agent can be enforced at no cost.  
 
 A more realistic approach is used by Laffont and Tirole (1993, 482-488) to develop 
a theory of government regulation. In their formulation, the legislature must design a 
mechanism to prevent capture of the regulatory agency by the firm it is overseeing. 
Assuming that the agency must incur a transaction cost if it colludes with the firm, they 
show that a “collusion-proof” scheme requires that the agency’s compensation for 
revealing its information exceed the gain from collusion divided by the transaction cost. 
Kofman and Lawarée (1993) have studied the case of an external supervisor less well 
informed but assumed unable to collude with the agent. Melumad, Mookherjee, and 
Reichelstein (1995) have examined a situation in which the joint efforts of two agents 
determine the amount produced and the principal delegates his authority to one of the 
agents.  
 
 Parallel to this research based on the assumption of verifiable information, there is a 
second current that studies collusion with non-verifiable information. Under these 
assumptions of asymmetric information, each agent’s information is private. Laffont and 
Martimort (1997), for example, study a model in which agents can collude under 
asymmetric information. For a review of this literature, see Laffont (1997). 
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 Little attention has been given to the question of what happens under conditions of 
moral hazard when there is technical change. For studying the impact of new information 
technologies, the more convenient formulation of the collusion model is that with 
verifiable information, since it allows explicit consideration of the probability that the 
supervisor can observe the agent. This probability may be assumed to be determined 
exogenously by the information technology.12 If the centrally planned economy is to be 
studied as a special case, neither the assumption of an external supervisor nor that of 
delegation of authority to a sub-contractor is appropriate.  
 
 Let us then return to Tirole’s (1986) original formulation of the collusion problem in 
order to highlight the technological parameters that determine the choice of organizational 
form.13 There are three types of organization to consider; namely, atomistic producers, the 
horizontal firm, and the vertical firm. For simplicity, assume that there are no transaction 
costs to the enforcement of side contracts.14 
 
Atomistic producers 
 
 One possible form of organization is made up of atomistic producers. Assume that 
each such worker receives a certain surplus ω  over the disutility of effort, exogenously 
determined by his productivity elsewhere in the economy. If a project requires the inputs 
of two or more workers, they are assumed to be able to draw up complete, enforceable 
contracts that specify the contributions and the compensation of each. For example, a 
carpenter and a mason may enter into a partnership to build houses. 
 
The horizontal firm  
 
 In another form of organization, one individual purchases the labor services of a 
second. Assume that there are two types of individuals; namely, a small proportion with 
entrepreneurial abilities who are risk-neutral and who may play the role of principal, and 
a larger proportion without such abilities who are risk-averse and must play the role of 
agent (or, in the following section, supervisor). Consider the problem of one such 
principal who attempts to maximize the expected output of a good, x. The amount 
produced depends on the effort, a, of an agent and on a random variable, v, which takes 
either the value zero or the positive value, θ . Let the relationship take the following linear 
form, where n represents the state of nature: 
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xn = an + vn. 
 
 When a principal forms a firm, there are therefore two consequences. First, his 
expected earnings change, due to the scale economies of joint production. Second the 
variance of his earnings increases. For simplicity, we capture the first of these effects in a 
single parameter, θ , the upper value of the productivity shock, and the second in σ , the 
probability of this favorable value. Thus θ  may be thought of as a measure of the 
importance of scale economies -- the (uncertain) gain when the firm replaces atomistic 
production.  
 
 The principal is assumed to be able to observe the level of output but not necessarily 
the agent's effort, a, or the productivity shock, v. If σ  is the probability of the favorable 
state, and ρ  is the probability that the agent's effort is observed, there are four possible 
states of nature, with probabilities represented by pn, n=1,..,4.  
 
 

State 
(n) 

Probability 
(p) 

Productivity shock 
(v) 

Information of 
principal 

1 ρσ )1( −  0 0 
2 )1)(1( ρσ −−  0 ? 
3 )1( ρσ −  θ  ? 
4 σρ  θ  θ  

 
Note that  σ  = p3+p4 and  ρ =p1+p4.  
 
 The problem that the principal faces for each state of nature is to determine the 
levels of the agent's effort, an, and the latter’s salary, wn, that maximize the expected net 
value of output, 
 

  E(x) = Σ n pn[an + vn - wn - sn],     (2.1) 
 
subject to the behavior of the agent (letting sn, the supervisor’s salary, for the moment be 
zero). Let the disutility of effort to the latter be a strictly convex increasing function, g(a), 
of the effort he makes. The agent must be at least as well off as in his next best alternative 
occupation, where he would obtain the utility associated with the certain surplus, ω : 
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   Σ n pnU[wn - g(an)]  )(ωU≥ .     (2.2) 
 
If the principal were perfectly informed concerning the agent's effort, he would require 
him to work in each state until the marginal disutility of that effort were equal to its 
marginal product. Let the optimal level of effort be a* and the salary required to induce 
that effort be w*. Now consider the possibility of slacking. 
 
 In state three, when the productivity shock is positive and the agent is not observed, 
the latter has an incentive to lie about the state of nature. By asserting that the true state 
was state two, he can reduce his effort by the amount of the shock. In order to remove this 
incentive to distort information, the agent's wage net of effort when he tells the truth must 
be at least as great as when he lies: 
 

  w3 - g(a3) ≥   w2 - g(a2 - θ ).     (2.3) 
 
As Tirole (1986, 208-209) showed, to maximize (2.1) subject to (2.2) and (2.3), the 
principal must reduce the state-two wage and increase in the state-three wage until the 
incentive to slack has just disappeared (see Appendix B): 
 

w2 < w1 = w4 = w* < w3.     (2.4) 
 

 However, because of the additional constraint, (2.3), the efficiency of the system is 
reduced. The agent supplies the first-best level of effort in all but the second state, where 
he now makes a reduced effort: 
 

a2 < a* = a1 = a3 = a4.     (2.5) 
 
 Note that if the agent lies in state three, declaring that the technology shock was 
unfavorable, he has nothing to gain. For not pulling his weight, he is penalized by being 
deprived of part of the lost output. If he tells the truth, however, he receives as a bonus a 
portion of the extra production.  
 
 The principal must decide whether to set up this firm organization or remain a self-
employed worker and earn the certain surplus, ω . For the organization of a firm to be 
worthwhile for the principal, it must provide an expected income, Hπ , at least as great as 
his opportunity cost as an atomistic producer:  
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    n

H Σ≡π pn(vn + an - wn) ω≥ .     (2.6) 
 
Recall that the probability of the favorable state is σ =p3+p4 and the probability that the 
agent is observed is ρ =p1+p4. As shown in Appendix C, inequality (2.6) then may be 
written: 
 

 a* - w* - ω  + σθ    + (1-σ )(1- ρ ) 2δ  - (1- ρ ) 03 ≥σδ ,               (2.7) 
 
where )*()*( 222 aaww −−−≡δ  is the principal’s state-two net wage saving and 

*33 ww −≡δ  is the state-three wage premium. From the concavity of U(.) and the 
convexity of g(.), it follows that 0)1( 23 >−− δσσδ ; that is, any information asymmetry 

reduces the principal’s profits.15 
 
 In Figure 3, the horizontal axis measures the probability, ρ , that the agent's 
productivity is observed while the vertical axis shows the importance of scale economies, 
θ . As demonstrated in Appendix C, inequality (2.7) is satisfied by points on or above the 
line AB, whose vertical intercept is 
 

  [ ])**()1(1
23 ωδσσδ

σ
θ −−−−−= wa       (2.8) 

 
and whose slope is: 
 

  [ ] .0/)1(/ 23 <−−−= σδσδρθ dd      (2.9) 
 
 For a given level of the observation-probability parameter, an increase in the scale-
economies parameter increases the efficiency of the firm as a form of organization, 
compared to atomistic producers. Similarly, for a given level of scale economies, an 
increase in the probability of observing the agent increases the profitability of the firm 
relative to the atomistic individual. 
 

[Insert Figure 3 about here.] 
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The vertical firm  
 
 Given the choice of firm as production unit, will a flat structure such as that of the 
horizontal firm described above be optimal?16 Suppose that if the principal is freed from 
supervisory work to concentrate on other activities (for example, marketing the product), 
the scale economies arising from the firm structure increase from θ  to θλ)1( + , where 

0>λ .17 He may then decide to hire a (risk-averse) supervisor to monitor the agent's effort 
in his place, offering to pay the supervisor a salary, sn, that depends on the state of nature, 
n. Let the supervisor’s opportunity cost when she is not present to observe the state of 
nature be zero. 
 
 The ability of the principal to obtain the optimal effort at the optimal wage in the 
fourth state (when productivity is both high and observed) requires that the supervisor 
truthfully report what she sees. It is therefore in the agent's interest to persuade the 
supervisor not to reveal this information, for then the agent will receive the higher state-
three salary.18 Two other constraints must therefore be added. Together, the agent and 
supervisor must not receive a higher combined salary in state three, when the supervisor 
has no information, than in state four when she is able to observe the state of nature: 
 

 s4 + w4 - g(a4) ≥   s3 + w3 - g(a3).     (2.10) 
 
 In addition, it cannot be in the two employees' combined interest to claim state two 
when state three occurs: 
 

 s3 + w3 - g(a3) ≥   s2 + w2 - g(a2 - θ ).                     (2.11) 
  

 As shown by Tirole (1986, 209-210), maximization of (2.1) subject to (2.2), (2.3), 
(2.10) and (2.11), yields (2.5) and three new conditions (see Appendix B): 
 

 s2 = s3 = 0 < s* = s1 < s4                                           (2.12) 
w2 - g(a2) < w1 - g(a1) < w4 - g(a4) < w3 - g(a3)                                  (2.13) 

 s4 + w4 = w3                                                             (2.14) 
  a2 < a* = a1 = a3 = a4.                                                              (2.5) 
 
 It will be assumed that the supervisor and agent decide separately how to divide the 
amount s4 + w4 between them. 
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 Is it worth the principal's effort to operate within this vertical firm structure? Once 
again, he must ask whether to set up his own firm or to be a self-employed worker and 
earn the certain surplus, ω . For the firm to be worthwhile, the principal’s expected 
income, Vπ , from this vertical firm must be at least as great as his opportunity cost as an 
atomistic individual. 
 

 Σ≡Vπ n pn(vn + an - wn  - sn) ω≥         (2.15) 
 
Let  ≡4δ  s* - s4 be the supervisor’s salary premium in state four. Then (2.15) becomes: 
 

.0)1()1)(1()1(*** 432 ≥−−−−−+++−−− σρδδρσδρσθλσρω swa    (2.16) 
 
 Inequality (2.16) is satisfied by points on or above the line CD in Figure 3. 
Appendix C shows that the vertical intercept at C is given by 
 

  
)1(

)**()1( 23

λσ
ωδσσδθ

+
−−−−−

=
wa .      (2.17) 

 
 Comparing the right sides of (2.8) and (2.17), we see that this intercept is lower than 
that of the horizontal-atomistic frontier. The slope of the new boundary, CD, is: 
 

  
λ

δσσδσδ
ρ
θ

+
+/*s /--  = 

d
d 423

1
)()1( −

−       (2.18) 

 
 Comparison of the right sides of (2.9) and (2.18) indicates that the slope of this 
frontier is gentler than that of AB. For a given level of the observation-probability 
parameter, ρ , an increase in scale economies, θ , raises the efficiency of the vertical firm 
relative to atomistic producers. Due to the slippage from providing an incentive to the 
supervisor to tell the truth in state four, a change in the probability of observing the agent 
has less impact on the outcome than it did in the case of the horizontal firm, where the 
principal himself did the monitoring. 
 
 From the slope equations, (2.9) and (2.18), we have the following proposition.  
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Proposition 1.  The efficiency of the firm relative to atomistic producers increases with 
(a) the extent of scale economies, θ , and (b) the probability of observing the agent, ρ . 

 
 To determine which type of firm is more appropriate, the left side of (2.7) must be 
compared to the left side of (2.16). The principal will prefer the vertical to the horizontal 
firm structure for combinations of λ  and ρ  that satisfy: 
 

. + *s  > 4 ⎟
⎠
⎞

⎜
⎝
⎛

δ
σλ

ρθ                                                   (2.19) 

 
 The slope of the boundary EF between the vertical- and horizontal-firm zones in 
Figure 3 is therefore 
 

 0 >  + )/(s* = 
d
d 4

λ
δσ

ρ
θ

.     (2.20) 

 
 This line is positively sloped. A rise in the productivity shock, θ , favors the vertical 
firm because of its greater scale economies, since λ > 1. To maintain equal profitability of 
the two types of organization, one must make it easier for the principal in a horizontal 
structure to keep watch over the agent by increasing ρ . From (2.20), we have a further 
proposition.  
 

Proposition 2. The efficiency of a vertical relative to a horizontal firm structure: (a) 
increases with the extent of scale economies, θ , and (b) decreases with the probability 
of observing the agent, ρ . 
  

 The second part of this proposition seems somewhat paradoxical. One might have 
expected that the greater the ease of monitoring, the more an entrepreneur would prefer a 
hierarchical structure, because of a diminution of the loss of information between levels 
of the organization. However, we must ask what the principal gains if the agent's effort 
can be observed more easily. Under a horizontal firm structure, as the right side of (2.9) 
indicates, if the agent's effort can be observed, the principal avoids the state-two 
efficiency loss, 2δ , and the state-three wage premium, 3δ , to prevent the agent from 
slacking. Under a vertical structure, as the right side of (2.17) shows, this gain is offset by 
the supervisor’s salary and the premium of 4δ  that must be paid to the supervisor, when 
the productivity shock is positive and she observes the true state of nature, in order to 
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prevent her from colluding with the agent. In short, the flatter the organization, the more 
the principal benefits from increases in the probability of observing the agent. 
 
 Thus the choice of organizational form for production depends on two technological 
parameters. The first is the scale-economies parameter (θ ), a measure of the importance 
of the expected productivity gain when workers come together to form larger units of 
production. The second is the monitoring-ease parameter ( ρ ), the probability that agent's 
effort level may be accurately recorded. When both of these parameters have low values, 
atomistic production will be chosen. When scale economies are high but agents are 
difficult to monitor, a vertical firm structure will be selected. And when scale economies 
are low but agents are easy to monitor, a horizontal firm structure will be preferred. 
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III.  Information Technology, Quality and Economic Divergence 
 
 In Section I, we saw that from the late 1960s, the quality of East-German output 
declined compared with that of West Germany, and that this development coincided with 
a technology shock in the form of small computers built with inexpensive integrated 
circuits. We learned in the last section that if such a shock increases the effectiveness of 
employee monitoring, it will favor a reduction in firm size and a flattening of hierarchical 
structure whereby intermediate management between principal and agent are eliminated. 
We must now see whether the ways in which West- and East-German firms reacted to the 
new information technology help explain the emergence of a quality gap between them. 
 
Information and communication technology and the organization of production 
 
 A firm may be viewed as a organization for coordinating production decisions that 
allows individuals to overcome the limits to their own information-processing capacity. 
As an information system, a firm requires two basic elements. First, a firm must have a 
means of transmitting information effectively to and from decision-making nodes and 
remote plants and distribution centers. The lower the cost of transmitting information, the 
more efficient it will be to coordinate the activities of many individual workers through a 
hierarchical structure. Information transmission costs determine the value of firm scale 
economies  -- the parameter θ  in the model of Section II. (Note that such informational 
scale economies, which are so important for firm size, are distinct from production scale 
economies, which determine plant size.) A substantial fall in transmission costs will shift 
the technology point in Figure 3 upward from a position such as L to one such as M. The 
size of firms will rise and their internal structure will become more complex. 
 
 Second, a firm needs a way of storing information; that is, a means of codifying 
data, of maintaining the resulting records over time, and of retrieving them for later use. 
Such information storage is essential for management’s control of its employees 
(monitoring), which consists of the setting of standards, the measurement of performance, 
and the evaluation of that performance relative to the standards. Information storage costs 
are important in each of these areas, since the setting of standards requires a knowledge of 
past performance; the precision of the measurement depends on storage costs, and 
evaluation requires comparison of two sets of stored information. It may be seen, then, 
that information storage costs determine the effectiveness of monitoring parameter, as 
captured by the parameter ρ  in the model of the preceding section. A substantial fall in 
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information storage costs will shift the technology configuration in Figure 3 horizontally, 
from a point such as M to a point such as N. The size of firms will fall and their internal 
structure will be simplified. 
 
Information and communications technology in the early 1960s 
 
 By the early 1960s, West Germany’s urban telephone and telegraph systems and 
long-distance lines had been rebuilt and modernized with the latest electromechanical 
switching systems. In the East, similar technology was also put into place after some 
delay, at least for government departments and the industrial sector. The resulting low 
transmission costs enabled corporate decision-makers to administer dispersed production 
and distribution systems from a central point. Since information continued to be stored on 
hand-written, typed or mechanically printed records, it remained costly to monitor 
workers closely. The theoretical model of the preceding section predicts that firms should 
be large and hierarchically structured. 
 
 Average firm size in West German manufacturing increased during the 1950s and 
1960s, as Figure 4 indicates. The average number of employees per manufacturing firm 
rose steadily, reaching a peak in 1970. In East Germany, individual firms were not 
autonomous since most of the economy was run as a state holding company. Therefore 
the corresponding measure is the share of workers in socialist industry; that is, the relative 
size of the state-owned part of industrial production. This measure too increased 
throughout the 1950s and 1960s.  
 

[Insert Figure 4 about here.] 
 
Information and communication technology from the 1960s to the 1980s 
 
 Between the late 1960s and the late 1980s, long-distance communication costs 
continued to fall; however, the state telephone monopolies in both East and West 
Germany were reluctant to pass these savings on to consumers, preferring to use profits to 
subsidize labor-intensive local service. As a result, overall information transmission costs 
remained relatively stable over this period.  
 
 The situation was very different for information storage costs. Under what became 
known as Moore’s Law, the amount of information that could be stored on a given 
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amount of silicon doubled roughly every year after 1962. The cost of these integrated 
circuits fell by an average of 30 percent per year (Forester, 1987, 27). From the 1960s to 
the 1980s, the price of successive generations of small computers built with these circuits 
relentlessly fell while their speed increased. As the new technology diffused, it gradually 
became possible for management to monitor virtually all aspects of a firm’s activities 
electronically (Athey and Zmud, 1988, A-9). 
 
 Producers of the new information technologies promised productivity gains by 
allowing management to replace expensive human supervisors with cheaper electronic 
monitoring systems. Because the expertise involved in the new technologies tended to be 
general rather than firm-specific, the most efficient way to do so was to purchase inputs 
for the monitoring process from providers of business services outside the firm. Examples 
of such outsourcing are for accounting, computer-programming, management-consulting, 
legal and financial services.  
 
The impact of innovations on organizational structure 
 
 With information transmission costs stable and information storage costs falling 
rapidly, one would expect to see two types of changes in firms. First, the average size of 
firms should fall as administrative personnel is reduced. Second, with the replacement of 
middle supervisory personnel by computers, there should be an increased use of 
outsourcing and a consequent demand for intermediate inputs of business services.19   
 
 Consider first firm size. In the United States, almost all of the growth in 
manufacturing employment during the 1960s had occurred in the largest firms -- those 
employing 500 workers or more. Then around 1970, employment in small and medium 
firms also began to rise rapidly. After 1977, employment in small firms continued to rise 
at an unprecedented rate, but the number of jobs in large companies actually began to 
decline.20 Brynjolfsson et al. (1994) found that investment in information technology was 
significantly related to subsequent decreases in the size of American firms. Carlsson, 
Audretsch and Acs (1994) linked declines in average plant size in U.S. manufacturing to 
the use of numerically controlled machines. 
 
 In West Germany too, Figure 4 shows that from the early 1970s on, the average size 
of firms fell (with cyclical fluctuations), as large firms began to downsize and small firms 
absorbed most of the new entrants to the industrial labor force. No such development 
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occurred in the East. Far from releasing its grip on the economy, the state sector in East 
Germany economy actually continued to expand in terms of its share of total workers. 
During the 1970s, the few remaining private firms were incorporated into the state sector. 
By 1980, all large industrial units had been organized into about 130 centrally directed 
Kombinate, giant state holding companies, each controlling from 15 to 30 firms. A further 
95 district Kombinate controlled smaller firms.21 At the same time, the state planning 
apparatus was organized to draw up consistent plans at four levels: the long term of 30 
years, the medium term of ten years, the traditional five-year plans, and annual plans.22  
 
 Turn now to firm structure. An approximate measure of the importance of 
outsourcing is the amount a firm spends on wages and salaries relative to its total sales.23 
From 1950 to 1970, this measure rose from 18.9 to 21.8 percent in West Germany, 
indicating a move to more complex internal structures. However, by 1990, this measure 
had fallen back to 20.3 percent, suggesting a change to simpler organizational patterns.24 
No comparable figures are available for the German Democratic Republic. However, the 
initial post-reunification statistics for East Germany indicate that the share of wages and 
salaries was remarkably high, at 30.6 percent of turnover in 1991.  
 
 In terms of both firm size and internal structure, then, we see that West-German 
managers made the appropriate adjustment to the new technologies, shedding workers 
and simplifying their internal structure. Meanwhile their East-German counterparts 
remained caught within institutions that were too large and too top-heavy to use the new 
technologies effectively. 
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V. Conclusion 
 
 A common sight on German two-lane highways in the early 1990s was an East-
German Trabant putting along at the top speed that its two-cycle engine would allow, 
followed by a long line of more powerful Western cars and trucks whose drivers were 
desperately seeking an opportunity to pass. In this image lies our explanation for the 
paradoxical economic divergence between the two Germanies over the postwar period 
that occurred even though output grew more rapidly in the East, the state with the lower 
income level. Although ever-larger quantities of industrial products spewed out of East-
German factories in the 1970s and 1980s, there was a growing gap in quality that 
distinguished these goods from comparable products produced in the West.  
 
 In Eastern Europe, East Germany was at the forefront of the microelectronic 
revolution, producing small and medium-range computers for the entire COMECON 
bloc. However, its regime failed to comprehend the structural change that was necessary 
for the new technologies to be used effectively. Introducing technological change into a 
model of collusion, we have shown that a substantial rise in the effectiveness of employee 
monitoring requires both a downsizing of the firm and greater recourse to outsourcing for 
high-technology business-service inputs. While West-German firms made this adjustment 
in the 1970s and 1980s, East Germany moved in the opposite direction, concentrating 
production in some 130 giant Kombinate. The available evidence suggests that the 
reinvestment of the increasingly shoddy output of these dinosaurs in their own production 
processes was an important cause of the collapse of the system which controlled them. 
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APPENDIX A 
 

QUADRATIC TREND OF INCREMENTAL OUTPUT-CAPITAL RATIO,  
EAST AND WEST GERMANY, 1951-1988 
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Standard errors shown in parentheses. 
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APPENDIX B 
 

FIRST-ORDER CONDITIONS 
 
(a) Horizontal Firm 
 
The Lagrangian for the horizontal firm’s principal is: 
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Differentiate partially with respect to w2, w3 and wn, n= 1, 4; and with respect to a2, a3 and an, n=1, 4. 
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1 = ag 3)(′                                                                                 (A5) 

 
1 = ag i)(′                                    i=1, 4.                                   (A6) 

 
Conditions (A4), (A5) et (A6) imply that: 
 

a2 < a1 = a3 = a4  = a*.                                                                                                       (2.5) 
 
This result, along with conditions (A1), (A2) and (A3) implies that: 
 

w3 > w1 = w4 = w* > w2.                                                                                                     (2.4) 
 
 (b) Vertical Firm 
 
The supervisor’s individual-rationality constraint is: 
 

V  sV npn
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The Lagrangian for the vertical firm’s principal is: 
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Differentiate LV partially with respect to sn, n=1, ... , 4. 
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Next, differentiate LV partially with respect to wn, n=1, ... , 4. 
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Finally, differentiate LV with respect to an. 
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(A15) and (A16) imply that (2.5) is again satisfied. 
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Tirole (1986, 210-211) shows that the agent’s incentive-compatibility constraint along with the following two 
coalition-incentive constraints are all binding. 

 
   w3 - g(a3) = w2 - g(a2 - θ ).       (2.3') 

 
s3 + w3 - g(a3) = s2 + w2 - g(a2 - θ ).                  

 
s4 + w4 - g(a4) = s3 + w3 - g(a3).   (2.10') 

 
It follows from (2.3') and (2.10') that  
 

 s2=s3.                             
 
This condition, together with (A7), (A8), (A9) and (A10) indicates 
 

s2=s3=s*<s1<s4.                                                                              (2.12) 
 
In (2.10), since a3=a4 and s4>s3, it follows that w3>w4. 
 
From this result and from (A11), (A12) and (A14), since a3=a4, 
 

w2-g(a2) < w1-g(a1) <w4-g(a4) < w3-g(a3).                                               (2.13) 
 
Since the coalition incentive constraint (2.10) corresponding to periods three and four is binding, and from (2.5), a3 
= a4, it follows that: 
 

s4 + w4 = s3 + w3.                                                                                       (2.14) 



 
 

29

APPENDIX C 
 

DERIVATION OF FRONTIERS 
 
(a) Horizontal-atomistic frontier 
 
For the horizontal firm to be worthwhile, 
 

Hπ  = p1(θ 1 + a1 - w1)   +   p2(θ 2 + a2 - w2)  +  p3(θ 3 + a3 - w3)  +  p4(θ 4 + a4 - w4)  ≥ ω         (2.6) 
 
Recall from (2.5 and (2.4) that a1=a3=a4 = a* >a2 and w3>w1=w4=w*>w2. 
Recall also that the probability of the favorable state is σ =p3+p4 and the probability that the agent is observed is 
ρ =p1+p4. In addition, θ 1=θ 2 = 0 and θ 3=θ 4=θ . 
 
Let δ 2 = (w* -w2) - (a* - a2) and δ 3 = w3 – w*. 
 
Then (2.6) becomes: 
 

a* - w* - ω  + σθ  + (1-σ )(1- ρ )δ 2 - (1- ρ )σδ 3  ≥ 0                        (2.7) 
 
This is the boundary AB in Figure 3. 
 
Vertical intercept. Set ρ =0 in (2.7). 
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Slope. Take total differentials in (2.7): 
 

[ ] .0/)1(/ 23 <−−−= σδσδρθ dd       (2.9) 
 
 
(b) Vertical-atomistic frontier 
 

1θ = 2θ =0; 3θ = 4θ =θ . For a vertical firm to be worthwhile, 
 
   Vπ = p1(a1 - s1 - w1)   +   p2(a2 - s2 - w2)  +  p3(θ  + a3 - s3 - w3)  +  p4(θ + a4 - s4 - w4)  ≥ ω   

   (2.15) 
 
Let s1=s* and s4 = s* + 4δ . Then (2.15) becomes: 
 

a* - w* - ω - .0)1()1)(1()1(* 432 ≥−−−−−+++ σρδδρσδρσθλσρs                  (2.16) 
 

This is the boundary CD in Figure 3. 
 
Vertical intercept. Set ρ =0 in (2.16). 
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Comparing (2.8) and (2.17) we see that this intercept is lower than that of the horizontal-atomistic frontier. 
 
 
Slope. Take total differentials in (2.16): 
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Comparing (2.9) and (2.18) we see that this slope is lower in absolute value than that of the horizontal-atomistic 
frontier. 
 
 
(c) Horizontal-vertical frontier 
 
From (2.6) and (2.15), for a vertical firm to be more profitable than a horizontal firm, 
 

432 )1()1)(1()1(*** σρδδρσδρσθλσρ −−−−−+++−− swa  
 

32 )1()1)(1(** δρδρσσθ −−−−++−≥ wa    (A19) 
 
(A.19) may be written: 

 
 .* 4σρδρλσθ +≥ s  

 
Take total differentials. 
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This is the equation of a straight line EF with positive slope in Figure 3. 
 



 
 

31

 
 
 
 
 
 

 

-5

0

5

10

15

20

1950 1960 1970 1980 1990

West
Germany Reported

East
Germany

Figure 1.  Growth rate of total national product, West Germany, and
reported and corrected data for East Germany, 1952-1988

Corrected
East Germany



 
 

32

0,8

1,2

1,6

2

2,4

1950 1960 1970 1980 1990

Figure 2.  Ratio of quadratic trends of incremental output-capital ratios,
official data for East Germany divided by West-German series



 
 

33

1O

L

B

C

F

Vertical firm

Horizontal firm

Atomistic
producers

D

E

Effectiveness of monitoring ( ρ )

Figure 3.  Technology and organizational form

A

NM

 
 



 
 

34

East Germany

West Germany

40

50

60

70

80

90

100

110

50 55 60 65 70 75 80 85 90

Figure 4.  Firm size: indices of employment in socialist industry (East 
Germany) and workers per firm (West Germany), maximum = 100 



 
 

35

Notes 
 
 
                                                           
1 Estimates of the Economic Institute of Cologne cited by Hau (1994, 206). 

2 Luft (1992). 

3 Frankfurter Allgemeine Zeitung, “War die DDR am Ende wirklich noch 1,74 Billionen Ost-
Mark wert?” March 25, 1995, p. 16. 

4 Because the convergence model of Barro and Sala-i-Martin (1992) treats saving as endogenous, 
it is not appropriate for the study of centrally planned economies. 

5 The incremental output-capital ratio is the reciprocal of the incremental capital-output ratio. 

6 World Bank, World Development Report, Washington, D.C., 1980, p. 155. 

7 Richter (1992) compares these new institutional theories with those proposed by earlier 
generations of economists. 

8 Another approach to the measurement of relative quality yields a similar result. To compensate 
its firms for their export earnings from the West, the East-German regime applied a shadow 
exchange rate that differed from the official exchange rate of one (East) Mark for one DM. After 
remaining relatively stable since the mid-1950s, this “commercial exchange rate” was repeatedly 
devalued after 1968, reaching a 1987 level that was only 45 percent of its 1968 value (Alexander 
Schalk and Herta König, “Zur Entwicklung des Kurses der Mark der DDR zu kapitalistischen 
Währungen seit 1949,” Mimeo., German Democratic Republic, 1988). 

9 Athey and Zmud (1988, pp. A6-A10) 

10 United Nations, Commodity Trade Statistics. 

11 Computer Industry Report, May 29, 1987, pp. 8-11. 

12 For example, the installation of  data-processing equipment in a firm may allow a supervisor to 
consult continuous electronic records of a worker’s effort rather than depend on her own periodic 
direct observations. 

13 For a more complete discussion of moral hazard and its implications for organizational design, 
see Tirole (1988, 15-60) and Milgrom and Roberts (1992, 166-247). 

14 Such transaction costs could easily be added to the model. However, they would only 
complicate  the presentation while leaving the conclusions essentially unchanged. 

15 Compared to the first-best contract, the expected extra utility the agent receives from the wage 
premium in state 3 must just equal the expected loss in utility from the net wage penalty in state 
2: 
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[ ] [ ]{ } [ ] [ ]{ })(*)(*()1(*)(**)(( 223 agwUagwUagwUagwU −−−−=−−− σσ . 
 
From the concavity of U(.), it follows that : 
 

[ ] [ ]{ } [ ] [ ]{ })(*)(*()1(*)(**)(( 223 agwagwagwagw −−−−>−−− σσ ;  
 
that is, [ ]{ })(*)()*()1( 223 agagww −−−−> σσδ . But from the convexity of g(.) and its unitary 
first derivative at *a (see equation A.5 in Appendix B), we know that  

22 *)(*)( aaagag −<− . 
 It follows that: 

{ })*()*()1( 223 aaww −−−−> σσδ , 
or 

 23 )1( δσσδ −> . 
 

16 The distinction between vertical and horizontal coordination structures plays an important part 
in Aoki's (1986, 1990) comparisons of American and Japanese firms. Whereas Aoki uses the 
concept of bounded rationality, the model presented here assumes information asymmetries 
among fully rational agents. 

17 The parameter λ  is a measure of the benefits from intra-firm specialization; it is assumed to be 
insensitive to technological change. 

18A typical form of collusion between supervisor and agent in centrally planned economies was 
for the former to set 'soft' targets that could be exceeded by the latter without undue effort. 

19 As Wieland (1993) suggests, this outsourcing process should apply not only to industry but 
also to services such as banking. During the phase of most rapid innovation, however, banks may 
prefer to retain such activities in house until the new processes become standardized.  

20 United States Small Business Administration, The State of Small Business, 1984, p. 162, and 
1988, p. 62. 

21 German Democratic Republic, Statistisches Jahrbuch, 1989, p. 138. 

22 Hau (1994, 214). 

23 Carlsson (1989) uses a similar measure of outsourcing; namely, the ratio of value added to 
sales. 

24 Institut des deutschen Wirtschaft, Zahlen des wirtschaftlichen Entwicklung der Bundesrepublik 
Deutschland, Cologne, 1996, Table 60. 


