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refinements, all with the assumption that extra effort and talent can bring

the projects in on time.

The growth in producte in development, determined by the term
GP¥PDEV and responding to long-term corporate growth goals, has a gimilar
potential to push more products into the development group than the
engineers can comfortably handle. The model computes a growth factor for
the total workload in the development group, setiing it equal to a growth
target, GT, the long-term growth trend in revenues. That growth in
workload is then allocated by decisions internal to the model (and the
compahy) into a growth in the size or technical complexity of produéts and
a growth factor for the number of products, GP. In periods of accelerating
revenue growth, GP will tend to be less than the growth rates of revenues
and people in the development group, so the group catches up to its
workload. In periods of decelerating revenue growth, however, the company
in the short-run tries to continue growing at its traditional rate, and the
growth in products in the development group will tend to be slightly

greater than the growth in manpower.

Combined, the policies determining the number of products supportable
in the development group and the basic growth rate of the numbefiof
prodgcts under development lead to the widening wedge between PDEV and
PSM shown in figure 9. In spite of increases in productivity that the
model assumes as schedule pressure increases, too many products under

development lead to inexorably rising product development times.

Such a conclusion is hardly remarkable. But the fact that policies
associated with the decision to initiate a product development project can
cause problemé that look like declining productivity was a revelation to
our client company. Midway through the project, a senior director of
development estimated that the group had been ten to fifteen percent
understaffed since at least 1977 because of the shortage of engineering
talent. Yet that was not seen by many as even a potential contributor to
rising product development times. Corporate management leaned toward such
cures as incentives policies, corporate reorgenizations, and improving

engineering communication channels to cope with the problem.
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Policies aimed at improving productivity that do not address the

underlying problem described here may work in the short run but will fail

" 4in the long -uwn. Suppose, for example, that a dramatically successful

incentives sram creates a permanent ten percent increase in engineering
productivit, A reasonable expection would be that product development
time should rapidly fall about ten percent, the amount of the productivity
increase. Tracing around the feedback loops shown in figure 6 one sees
that products would flow quicker into production, revenue and revenue
growth would rise, profits would rise, leading to an increase in the R&D
budget, and the product gencration rate would eventually rise in response,
producing more products in dcvelopment. With the higher productivity the
firn would enjoy higher revenues, but the tendency to overextend the
development group would remain, and product development times would rise
back up as a result. The feedback structure of the system compensafes
naturally for the increase in productivity that stems from the incentives
policy. The notion of compensating feedback is one of the important

insights of the feedback perspective on the behavior of complex systems.

M13]

The Fraction of an Engineer's Time in Organization and Communication

Activities

A growing "organization and communication burden" is responsible for
the cyclic pattern shown in figure 9. As each engineer spends a greater
fraction of his or her time in non-engineering activities, less productive
engineering time is available and product development times should rise as
a result. Conversely, if less time is spent in non-engineering activities,
product development times should fall. The model exhibits a recurring up
and down cycle in the fraction of time an engineer spends dealing with the

organization and communication burden of the development group.

_ Consequently, there is alternating upward and downward pressure on PDT.

The organization and communication burden, OCB, is a highly
aggregated concept in the model representing a mix of nonengineering

activities assumed to be required in the normal operation of a development
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group. We intend the concept to include such things as reporting,

coordinating members of a team, coordination between teams, budget

' preparation, scheduling, ordering materials, handling crises, interviewing

"and hiring, evaluation for salary and promotion decisions, and so on. It

is a range of tasks including many commorly considered managerial. No
attempt was made to model the detailed interactions OCB is intended to
represent. OCB is formulated simply to rise slightly wore rapidly than the

total number of engineers in the development group:

0cB = a*(TH")

where
0OCB = organization communication burden (man-months per month),
™ = total engineering manpover (people),

= proportionality constant to set initial conditions,

b = an exponent slightly larger than 1.

(The exponent b wused in the above runs was 1.2.) ™The final section of

this paper discusses variations on the formulation for OCB.

The model assumes that a certain amount of the organizatioh and
communication burden must be handled by enginecers. Fifteen percent of an
engineer's time is deemed acceptable in the model. When it is perceived
that engineers are forced to devote more than that to these nonengineering
activities, pressures build to speed the acquisition of more managerial
people. The primary role of managers in the model is to draw off the
burden of organization and communication activities from enginéers,

increasing their productivity by leaving them freer to engineer.

The cyclic pattern in the fraction of an engineer's time in
organization and communication activities can be traced to a set of
negative feedback loops and perception delays involved in the decision to
acquire managers. The equation for the acquisition of managers has exactly
the same basic structure as the equation given above for the product
generation rate: it contains a term to replace quits and retirements, a

term for growth, and a short-term adjustment to keep the number of managers
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equal to the number desired. TFigure 10 shows an overview of the structure
assumed in the model. Essentially, managers are promoted or hired in a

planned ratio to the number of engineers in the development group. As it

. is perceived that engineers are spending too great a fraction of their time

in nonengineering activities, the company deliberately changes the planned

ratio of managers to engineers to correct the situation and return the
development group to full productivity.
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Figure 10: Structure underlying the cyclic pattern in
the fraction of an engineer's time in organization and
communication activities

There are several rather unavoidable delays around the large negative
loop shown in figure 10. It takes the engineers themselves some time to
realize that the time they can devote to engineering has gradually
declined. Top management takes even longer %o come to the conclusion that

past operating policy should be changed and then change itself takes time.
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The loop can be thought of as representing some aspects of organizational
change: a change in the ratio of managers to engineers probably represents
in reality a shift to another layer of management, or to a matrix
sfructure, or from matrix to product line organization. These various
perception and action delays around the negative feedback loop tend to

produce a natural oscillating pattern in ¥REOC, the fraction of an

engineer's time in organization and comnunication.

The sequence of events is as follows: the burden of organization and
communication activities grows slightly more rapidly than the development
group. Additional managerial structure is acquired in proportion to the
growth of the group, but because OCB grows faster the planned ratio
eventually proves to be too small; the fraction of an engineer's time in
organization and communication activities, FEOC, grows. When it is finally
perceived that productivity is suffering from having engineers deal with

various nonengineering activities, steps are taken to increase the planned

"ratio of managers io engineers and speed the acquisition of managers. The

planned ratio continues to increase until PFEOC, perceived FEOC, has
returned to an acceptable level. The delay between FEOC and PFEOC
guarantees that for PFEOC to fall to the acceptable fifteen percent level
PEOC will drop even further. FExcess managerial capacity is acquired, and
the group profits from considerably increased engineering productivity
until further growth pushes it into a repeat of the cycle. The pattern is
reminiscent of the corporate evolutions and revolutions discussed in the
literature. [14],715]

One result of this ebb and flow of group reorganization is periodic
upward and downward pressure on product development times. It coexists
with the insistent upward pressure on PDT that stems from the widening
wedge (discussed above) between products in development and products
supportable by manpower. The graph of PDT shown in figures 7 and 9 is thus
the result of two patterns superimposed. The rise in PDT exhibited by
these simulations of the model is not a consequence of a rising technical
complexity or an increasing number of man-months or product engineering
required (PER), although PER is rising throughout the simulation. Rather,

the schedule overruns and rising product development times result from
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naturai tendencies and perceptions in {the decision structure of the firm.

We can verify these conclusions by simulating the model with revised
policies in product generation .and the acquisition of managers. In model
terms the pattern of rising product development times shown in figures 7
and 9 is essentially eliminated if DPDEV (desired products in development)
is set equal to the minimum of PSR and PSM (products supportable by revenue
and manpowver, respectively), PDEVAT (product development adjustment time)
is reduced from 24 months to, say, 6 months, the time to perceive FEOC is

reduced from 18 months to, say, 6 months, and the planned ratio of managers‘
to engineers is set to respond more quickly to values of PFEOC above the
acceptable fifteen percent level.

V. Policy Implications

The parameter changes described above represent improved coordination

betveen the flows of people and products in the development group.

Revising DPDEV as described in the previous paragraph amounts to trying
harder to match the amount of work to the number of engineers in the
deVelopment group. If market needs and the revenue stream suggest the
initiation of a product development effort but the firm can not hire
engineers fast enough, the revised policy says to'ho;d off until an
appropriate team can be assembled. Shortening the adjustment time PDEVAT
means that more attention is paid to any discrepancies to desired and
actual conditions, and action to correct them is taken sooner. Management
listens more and responds more guickly to claims of an overload of work
emanating from the development group. Perhaps a formal mnonitoring system
(designed to add only minimally to the organization and communiction
burden) is implemented. The parameter changes shortening the delays and
reaction times in the acquisition of managers can be>interpreted similarly.
Tn both areas of the system the effort is to get enough people to do the
job and -- the other side of a loop -~ to adjust the growth in workload, if

necessary, to match the people available.

The goal of the analyses in section IV is eventually an increased

understanding about the relationships between structure and behavior in the
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real product development'group. The critical question for model-based
analyses is their transferability: to what extent should we believe that

policies that work in the model will work in reality? The answer hinges on

‘our confidence in the degree of match Between the real system and the

model.

-VWhile we might agree that it is the matching of essentials, not the
congruence of all details, that is required, the extremely high level of
aggregation involved in the formulation of the organization and
communication burden, OCB, is a potential source of a lack of confidence in
the model-based analyses. Current work ieg exploring formulations that
compute OCB as a function of product team sige (people per product) as well
as the total size of thevdevelopment group. Our client company believes
that team size has a significant effect on OCB; they estimate that a
doubling in the average size of a product development team (other things
being equal) would increase OCB more than a doubling in total engineering

personnel (other things being equal).

Experiments with reformulations of OCB indicate that matching the

number of managers to the size of the task they are supposed handle is

rather subtle. In these reformulations we have assumed that it is not
possible for a company to directly perceive the size of the organization
and communication burden; it must be inferred from the number of people
enaged in it and the extent of their effort. The company must try to match
the growth of its managerial staff to the growth of an assumed or inferred
organization and cummunication burden. Although these investigations are
incomplete, the behavior of the model under the reformulations remains much
the same as shown above. Again, a fundamental negative loop with
perception and action delays surrounding the acquisition of managers tends
to produce an oscillatory pattern in the time an engineer spends in_these
nonengineering activities. While some of the details differ, the basic

structural insight remains unchanged.

The analyses in IV have deliberately simplified model structure and
behavior, much as the model deliberately simplifies the structure of the

real system. Other pieces of structure in the model (and the real system)
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have the power to push up product development times. The increasing
difficulty of finding and correcting design errors in VISI can increase
product development times by lengthening the time involved in rework.
[6],[7]. Mistakes in estimating the extent or complexity of a product
development effort can lead to assembling too small a team and obviously
cause overruns in a project schedule. The model shows that a'sharp
increase in the corporate growth rate and the hiring of new development
engineers can push up product development times in the short run by
decreasing average productivity per engineer and increasing the time senior
engineers devote to superviéion. The escalation of salaries in the

industry tends to cause the range of engineers' salaries in a company to

compress over time; if uncorrected, salary compression can lead to

disgruntlement and departure of senior engineers and a consequent drop in
aggregate average productivity. Our simulations indicate that it might
even be possible for the company to promote such a number of senior
engineers into management that engineering productivity could not keep up
with corporate growth; product development times can rise as a result of

the development group's promotion policy.

Faced with rising product development times, a company thus has a
wide range of policy areas and procedures to reconsider. By emphasing
policies associated with product gencration and the acquisition of
managerial talent, this papef guggests that the range of policy options to
consider is broader than previously thought. The analyses in section IV
should not be interpreted as a claim that weak coordination between the
flow of people and products is the sole cause of the problems. However, if
present, weak coordination is an extremely powerful source of rising
product development times and the problem symptoms {such as increasing
quits) that can follow as consequences. Because of its importance and the
relatively 1ow‘cost associated with the monitoring required to improve the
situation, the coordination of people and products should be considered
near the top of a policy check list designed to halt rising prdduct

development times.
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