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A control-loss nnodel is used to explore the effects of
multiple channels in fornnal organizations, and an argument
is presented for the superior control properties of dual
hierarchies. Two variant forms of multiple hierarchies are
considered to show that multiple channels may have impor-
tant implications for the internal distribution of power in
organizations as well as for the degree of control-loss.*

The problems of implementing goals through a hierarchy have
been reiterated at length yet there are few theoretical
frameworks systematically relating these problems to structure
of organizations. One promising idea with some implications for
structure is that of control-loss. Tullock (1965) and Downs
(1967) presented early versions of the idea. More recently it was
taken up by an economist (Williamson, 1971) concerned with
large-scale private corporations. Williamson's (1971) version,
more systematic and more carefully specified than earlier
versions, allows better appraisal of both the flaws and the
potential usefulness of the idea, and provides a good basis from
which to attempt extrapolations.

Williamson's (1971) model was based on the usual image of the
organization as a tree. Each boss has several subordinates.
Their number constitutes his span of control. Each subordinate
has only one boss. Goals are generated at the top of the
hierarchy; actions to implement them are executed at the
bottom; in between there are several levels of hierarchy. At
each level, bosses give orders to subordinates, which represent
specifications or operationalizations of orders that they in turn
have received from above. But at each level there is some
slippage, some control-loss; orders are misinterpreted and part
of the original intention is lost. Each level adds new control-loss
to that of higher levels. The total, cumulated control-loss
emerges at the bottom of the hierarchy as the proportion of
production workers' time that does not further organization
goals.

To turn this picture of the organization intoa quantifiable model,
further simplifying assumptions are necessary. In Williamson's
(1971: 28-30) model, outlined in Appendix A, both the degree ^
of interlevel control,a, and span of controls, are assumed to be
homogeneous throughout the hierarchy. The proportion of
control retained at the bottom of the hierarchy is then a n-1 ,
where n is the number of levels in the hierarchy. The number of
production workers at the bottom of the hierarchy is s n-1 and
the total output of the firm {as) n-1 • Estimates of optimal size are
obtained by balancing the output of additional workers against
increased wages costs. Wage costs are calculated by assuming
(Simon, 1957b) that wages of superiors are some ratio of the
wages of subordinates and that this ratio remains roughly
constant at the different levels.

Williamson was therefore able to estimate the optimal size of an
organization on the basis of a relatively small number of
parameters, interlevel control prominent among them. He
found that using a value of .90 fora, interlevel control, and
assuming average span of control between 5 and 10 produced
estimates of between 4 and 7 for the optimal number of levels in
the hierarchy, depending on the values chosen for the other
parameters. These figures in turn produced estimates of opti-
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mal size that covered the range of sizes of existing organizations
and were therefore plausible. These findings, however, make it
difficult to explain empirical studies reporting 10 or more levels
of hierarchy (Barnard, 1938: 177; Woodward, 1965: 25;
Warner, 1967: 166). A more fundamental weakness of the
model was the extent to which it made organizational size
dependent on the degree of interievel control, as Table 1
illustrates.

Table 1

Interievel Control

Degree of Inter-
level control
(a)

.87

.88

.89

.90

.91

.92

.93

.94

.95

Assumptions: B-^

and Optimal Size

Qptimal number
of levels
(n)

3.8
4.1
4.4
4.9
5.4
6.0
6.8
7.9
9.4

.45, Wo'(P-r)=.50, ands = 7

Approximate
optimal total size

275
500
900

2,000
6,000

20,000
100,000
800,000

15,000,000

(see Appendix)

Table 1 was constructed by selecting values of major parame-
ters from the middle of the ranges suggested by Williamson,
and allowing a tovaryaround the value of .90, which Williamson
suggested as a reasonable one. The results showed that a
minor variation in a resulted in a marked change in optimal size
(Table 1). Furthermore, the sensitivity of optimal size to variation
in a increased as an organization became more effective in
exercising control. An organization with a = .94 need only di-
minish interievel control-loss from .06 to .05 and there would be
practically no barriers to its growth.

Such sensitivity would not be a problem if a could be measured
precisely, but few investigators would be likely to measure
interievel control beyond rough ordinal companson. To explain
an increase in organization size from 200,000 to 500,000 would
require measuring changes in interievel control with an impos-
sible degree of accuracy. Yet if control-loss cannot be used to
predict or explain size differences of this magnitude, why use
the concept in an equation predicting optimal size?

Predicting optimal size was, in fact, not Williamson's primary
concern. Although size was the dependent variable in his basic
model (Appendix), he was more concerned (1971: Part II) with
using a systematic, quantified version of the control-loss model
to explain the emergence of multidivisional structures in large
corporations (Chandler, 1962). The control-loss model, with its
assumption of slippage accumulated in equal amounts from
level to level, was, however, very poorly suited to explaining the
superiority of multidivisional structures. In terms of the
mathematics of Williamson's model, the reduced control-loss
between the peak coordinator and the next level of the hierar-
chy was no more promising than an improvement in relations
between foremen and the production workers.
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The muitidivisional structure as described by Chandler and
others involves the formation of profit-responsible subdivisions
within the organization. One effect of this should be to reduce
problems of control-loss between the first two levels of the
hierarchy substantially. But the superiority of the muitidivisional
structure is related to changes in the basis on which information
is organized and strategic decisions made. To consider the new
relation that occurs between the general office and the division
simply in terms of a greatera between the first levels of the
hierarchy does not take into full account the effects of muitidivi-
sional structure, as Williamson (1971: 114,123-126) himself
states.

Williamson did show, in principle, how limitations on organiza-
tional size might be related to organizational efficiency con-
ceived of as control-loss. This is no mean contribution.
Economists have for some time postulated that some sort of
organizational inefficiency was central to inhibiting the indefinite
expansion of multiproduct organizations (Penrose, 1959; Star-
buck, 1965: 495-496), and Williamson represents the best
effort to specify the mechanisms.

The problem is to discover how to apply Williamson's model in
ways that get around the difficulty of measuring a precisely.
One way of doing this would be to apply the idea of cumulative
slippage to different types of organizational structures to see
whether the model discriminated among them. An obvious
place to start is with the dual hierarchy of a line-staff organiza-
tional structure.

Control-loss in a Dual Hierarchy

In the control-loss framework, "control" as Williamson and his
predecessors used the term means securing effective com-
pliance from subordinates. Effective compliance has a cognitive
and a motivational component: subordinates must understand
what they are supposed to do and they must be willing to do it.
Central to both of these components is the flow of information
up and down the hierarchy. Effective downward flow of infor-
mation means comprehensible orders. Effective upward flow of
information should increase the motivation of subordinates to
comply since it would make lack of compliance more evident to
superiors. Effective upward information flow should also help in
singling out ineffective orders and thereby in improving the
comprehensibility of future orders.

Williamson looks at control in terms of a single chain of
command. What are the results if his model is applied to a
situation in which the information (orders and data) necessary
for control flows up and down in more than one hierarchy? The
traditional method of multiplying superiors without violating the
principle of unity of command is to define the additional
hierarchy, as primarily concerned with the information-up as-
pects of control. Although the tree continues to be the most
common abstract image of organizational structure, dual hierar-
chies of a line-staff sort have characterized larger corporations
since the late nineteenth century (Chandler, 1962: 47).

To estimate the control-loss properties of this dual structure
one must first consider the additional hierarchy in terms of
spans of control, number of levels, and amount of interlevel
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control-loss. If the second hierarchy is a staff hierarchy, then
one can consider that spans of control at the bottom of the
hierarchy are really scopes of surveillance. Consequently, they
can be much broader than the spans of control of the lowest-
level line supervisors and still be effective (see Figure 1). At
other levels there is less reason to believe that spans of control
in the staff should be significantly broader than those in the line,
since staff bosses have line responsibilities relative to their
subordinates within the staff hierarchy itself.

At the top of the hierarchy, the practical problem of how to
attach the staff structure without dramatically increasing the
span of control of the "peak coordinator," as Williamson calls
him, is solved most simply by increasing his span of control by
only one (see Figure 1). If the span of control at the lowest level
of the staff hierarchy is a-, then the relation between the number
of levels, n, in the two hierarchies will be: n staff=^ line + 1 -
(log o" /log s), where s is span of control. Thus, to add one extra
level at the top of the staff hierarchy and keep the number of
levels in the two hierarchies equal, o- need only equal s^. If a) s^,
then the staff hierarchy would be shorter than the line hierarchy
and its control properties correspondingly better, at least in
theory. A plausible staff hierarchy with the same number of
levels as its line counterpart is illustrated in Figure 1.

If one assumes, conservatively, that interlevel control-loss is
the same in the staff hierarchy as in the line hierarchy, then the
total amount of control-loss in each of the two hierarchies will
be the same. To estimate the amount of control with two
hierarchies, one must know how control-loss in one hierarchy is
related to control-loss in the other. If the two hierarchies can be
systematically differentiated so that information-loss or distor-
tion of orders in one hierarchy is different from that in the other.

Figure 1. Diagram of a line-staff dual hierarchy
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then the relative superiority of the dual hierarchy will be greater.
Conversely, effective collusion or collaboration between the
two hierarchies would reduce the advantages of the dual
hierarchy. Probably random overlap is the most reasonable
assumption for the general case. Under this assumption dual
hierarchies will always have control properties superior to a
single hierarchy. Total control in the dual hierarchy will equal the
sum of the control in each hierarchy minus overlap, predicted as
random. Thus, total control will be (a n-1 ) + ( a /̂ -1 )-iai^-^ )̂ .
or, if we replace a n-^ W\XhA for the sake of simplicity, '2A-A^.
2A-A^w\\\ always be greater than/A since/\ must always be less
than 1.

Table 2

Control in Single and Dual Hierarchies with Varying Number of Levels and
Degrees of Interlevel Control

Number of levels Interlevel control
(a ^.90) (A? = 9)

3 5 7 9 n .95 .92 .90 .88 .85

Single hierarchy .81 .66 .53 .43 .35 .66 .51 .43 .36 .27
Dual hierarchy .96 .88 .78 .68 .58 .88 .76 .68 .59 .47
Improvement (%) 19 34 47 57 65 34 49 57 64 73

Table 2 shows more concretely the gains resulting from dual
hierarchies. With interlevel control, a, at the middle of William-
son's suggested range, instituting a second hierarchy would
allow an organization to expand from five levels to nine levels
while maintaining the same degree of total control. Using a span
of control equivalent to that used in Table 1 (s = 7), this would
mean an increase in the size of the organization from around
2,000 members to over 1,000,000 members. When interlevel
efficiency is considered, instituting a second hierarchy is equiva-
lent to increasing the amount of interlevel control from the
bottom of the range (.85) to the middle (.90) or from the middle
(.90) to the top (.95).

The results in Table 2 indicate that dual hierarchies should be
most useful in the largest organizations and fit well with
descriptions of dual hierarchies other than line-staff hierarchies.
The idea of dual hierarchies with parallel channels is probably
most familiar to students of Communist societies (Bendix,
1956; Schurmann, 1966; Pike, 1966). Since the bureaucratic
structures in the literature of Communist societies are as large
or larger than the largest American corporations, it is not
surprising that they should have evolved away from the simple
tree structure. Likewise the largest, most far-flung private
enterprises, the multinational corporations, have evolved new
structures with multiple channels. Fouraker and Stopford (1968)
examined the structures devised by large corporations for their
overseas subsidiaries and discovered that the most advanced
among them were often characterized by what they called a grid
structure. Two hierarchies, one based on regional divisions and
the other on worldwide product divisions, were used to direct
the activities of subsidiaries. Extending the control-loss model
has therefore provided theoretical support for structural princi-
ples already widely accepted in actual organizations. But, what
about the costs?
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Costs, Conflict, and Power

In Williamson's model, the most obvious costs to be considered
are the increased wage costs resulting from the addition of a
second hierarchy. With the hypothetical structure of the staff
hierarchy suggested in Figure 1, one can make a quick estimate
of added wage costs. Although the staff hierarchy has n levels
(that is the same number as the line hierarchy), for purposes of
measuring control-loss, it has two levels less in terms of new
personnel because of its being grafted on to the line hierarchy at
the top and bottom. Number of new personnel will therefore be
onlyY/^- l s '"3 which means that for larger hierarchies the
proportion of new personnel will be only about 11ŝ . For spans of
control of 5-10 (Williamson's estimates) this implies only 1-4
percent increase in the total number of employees. Since
wages in the staff hierarchy should start somewhere between
w o iB) and w Q {B^), (see Appendix), the total increase in
wage costs should be somewhere between 1.5 percent and 9
percent (assuming 8 = 1.5). Since the upper estimates of in-
creased costs are less than half the lowest estimates of
increased control (see Table 2), wage costs do not negate the
advantages of the additional hierarchy.

Other costs are not incorporated in the model. With a second
hierarchy, the peak coordinator will get more information, but
some of it may be contradictory. How can the costs of deciding
who is to be believed be compared to the costs of making
decisions with only one set of information? From a purely
cognitive point of view, the peak coordinator can treat informa-
tion confirmed by both hierarchies as not a problem. Information
received from only one hierarchy but not contradicted by the
other is questionable but not as problematic as information
received from one hierarchy and contradicted by the other. With
this ordering of uncertainty the peak coordinator can focus his
attention on questionable and contradictory reports. He is still
making decisions on the basis of imperfect information, but the
costs of dealing with this well-defined imperfect information are
less than those of dealing with the undifferentiated uncertainty
of information received from a single hierarchy.

The question of who is to be believed is not only a question of
information processing, but also has implications for power
relations within the organization. Each hierarchy will attempt to
enhance its own credibility and this can serve to improve the
control of the dual hierarchy relative to the single hierarchy.
However, the competition may generate sufficient conflict to
distract attention and energy from the overall goals of the
organization, so that more careful attention to conflict resolution
is required. What appears as control from the point of view of
the peak coordinator or the organization as a whole may look like
power from the point of view of subordinates, for structures
that increase control are structures that centralize power.
Increased flow of information upwards can be as easily seen in
terms of power as in terms of control. As Wilensky (1967: 43)
among others has pointed out, the ability to withhold or censor
information is an important source of power for subordinates.
The possibility of this information reaching superiors through an
alternative channel clearly threatens this power.

Considering the dual hierarchy from the point of view of
subordinates underscores its potential usefulness to the peak
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coordinator. The degree to which subordinates find their au-
tonomy diminished is a measure of the degree to which the
peak coordinator has improved his control over the organization.
The dual hierarchy seems to increase both control and centrali-
zation. Such effects may not, however, characterize more
complicated forms of multiple hierarchy.

Parallel Channels and Lattice Structures

Organizational structures with multiple hierarchical channels are
more common than one might expect. In Dalton's (1959: 10)
classic description of the Milo fractionating plant, the organiza-
tional chart shows six parallel channels of access from the
central office to the plant in addition to the obvious chain of
command running through the plant manager. Likewise, Blau
and Schoenherr's (1971: 396) organizational chart for the
Bureau of Employment shows the regional offices not as end
points for the branches of a tree, but as points of convergence
for several parallel hierarchies. Here, as in the dual hierarchy, the
multiple channels enhance control. At the same time the
potential for conflict will be greater than in the dual hierarchy.
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Figure 2. Organizational chart of a small insurance company showing
bypassing of a hierarchical level
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The disadvantage of this potential for conflict may be out-
weighed by the necessity of greater control in service organiza-
tions like the Bureau of Employment Security, where measures
of output are more vague, or in cases like the Milo head office,
where surveillance must be from a distance.

The effects on the distribution of power are more complicated if
the upper intersection of the channels is not always at the peak
of the hierarchy, as in Figure 2. In this small insurance company,
one channel runs through the vice-president of marketing and
intersects at the level of the executive vice-president, by-
passing only the vice-president of regional operations. With
selective by-passing, the relation of the multiple channels can
influence the distribution of power independently of its effects
on overall control. Positions that are the point of upper intersec-
tion for two or more hierarchies are likely to be more powerful
than positions that are part of only one hierarchy. Conversely,
positions that are by-passed, such as the vice-president for
regional operations (Figure 2), should be less powerful than their
hierarchical level would otherwise suggest.

Afinal complication in the interrelation between control and the
internal distribution of power in a multiple hierarchy is illustrated
by White's (1961, 1967) analysis of a small manufacturing

President

Producuon V P
Sales V P

Supt

Regional Sales Manager

Sale? Head

From H.C. White (1967)
Rgure 3. Lattice structure of a small manufacturing organization
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organization. On the basis of interviews and observation. White
constructed an organizational chart of the management, which
showed not just parallel hierarchies, but a complex lattice of
hierarchical links (Figure 3). One is struck by the number of
alternate channels to the top; for example, there are eight
distinct routes from the general foreman or products head to the
president. Even though the eight routes have some common
links, the control made possible by the lattice structure is clearly
superior to either a single or dual hierarchy.

From the pbint of view of control-loss, the large number of
alternate channels should serve to centralize power. However,
the traditional image of organizational structure as a tree makes
hierarchical position equivalent to centrality in a sociometric
sense (Emerson, 1971). The peak coordinator is not just on top
of the organization he is strategically located even if the
organization is viewed as a network without top or bottom. Of all
the possible channels that might link among members of the
organization, more must pass through his position than any
other. Once multiple hierarchical channels are introduced,
especially in the extreme form of the lattice, being on top does
not necessarily mean being sociometrically central. In the case
of White's small manufacturing firm, for example, the scheduler
is more sociometncally central than the president. The fact that
the lattice structure allows centrality and hierarchical position to
vary independently may make it harder to implement in organi-
zations larger than White's manufacturing company. But, any
conclusions on this issue will have to await further empirical
work on lattice structures (cf. Friedell, 1967).

Recognizing the existence of more complicated forms of multi-
ple hierarchies makes it possible to complement the usual
analysis of power in organizations with a network perspective.
Is lack of sociometric centrality subversive of the normal
prerogatives of hierarchical position? Some descriptions of
boards of directors might be construed to suggest that it is.
Also, are positions at which channels intersect from both above
and below—tike the scheduler in White's manufacturing
organization—powerful because of their centrality to the net-
work or oppressed because of the multiple sources of control
directed at them?

DISCUSSION

The organizational literature includes a range of systematic
studies examining the effects of spans of control and number of
levels in organizational hierarchies (Blau and Schoenherr, 1971;
Woodward, 1965; Pugh eta/., 1968, 1969; Kaufman and
Seidman, 1970), but, except for the perennial issue of line-staff
relations, multiple channels are rarely considered as part of the
normal structure of an organization. The structure of multiple
hierarchies may well be more critical in determining organiza-
tional effectiveness than spans of control or the number of
levels in the hierarchy. Furthermore, multiple hierarchies pre-
sent a new set of structural variables with which to explain the
distribution of power among positions within the organization.

Peter B. Evans is an assistant professor of sociology at
Brown University.
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Williamson's (1971: 29-30) Version of the Control-Loss Model

a=interlevel control (0(a(1)
(1-a) interlevel control loss

a n-^ =total control in a single hierarchy of n levels
1 - a """I =total control loss in a single hierarchy of n levels

If N is the total number of employees in a company then;

where

n = number of levels in the hierarchy,
s=span of control, and
s ' ~1 is the number of employees at the i^" level.

The following formula is used for net revenue:

R-C={P-r){as)'^~^ -WQ\S'^IS-B)

where

P = price of output
w o = wages at the bottom of the hierarchy

B = ratio of boss's wage to wages of immediate subordinates
r = nonwage variable cost of output

R = total revenue
C = total costs.

Differentiating this equation and setting it equal to zero and letting In denote
natural logarithm gives the following estimate of optimal number of levels in the
hierarchy, n*.

n*=i + (1 l^na)\_^n(WolP-r) + ^n {s I s-B) + In (In ( s ) / In (as) j
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