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Abstract

The efficient operation of a salesforce is a critical ele-
ment in the profitability of many firms. Three factors
play key roles: the salesforce’s size, its allocation and its
productivity. This gives rise to the following questions:
can salesforce performance be improved by (1) hiring
more salespeople, (2) allocating them more effectively
to the various sales districts and/or (3) improving
salesperson productivity through better calling patterns
in terms of consumers and product line items?

The practice of most firms and the methodology
used in most of the academic literature to address
salesforce design and productivity questions is a
“Bottom Up” approach. This approach starts with
assessments by each salesperson of the sales and ef-
fort corresponding to each customer and prospect in
their territory. These assessments are then aggre-
gated to the territory, district and national levels.
This paper takes an alternative “Top Down’ ap-
proach. It is based on an estimated relationship be-
tween district level sales and salesforce size, effort
and other variables. This more macro level decision
tool can be used by management in parallel to, and
as an objective check of, the more conventional and
more subjective “Bottom Up”* approach.

We develop an efficient frontier methodology which
allows us to estimate how total district sales respond to
salesforce size, district potential and competitive activ-
ity in the firm’s best performing districts. The method-
ology utilized is based on Data Envelopment Analysis
(DEA) and yields a benchmark measure of each dis-
trict’s efficient frontier sales (sales assuming the dis-
trict’s salesforce allocates its effort as done in the best
performing districts).

Based on the estimated response function we discuss
the three potential sources of increased profitability:
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closing the inefficiency gap of each of the lower per-
forming districts, optimally reallocating the current
salesforce to the various districts, and changing the cur-
rent size of the salesforce to its optimal level. The inef-
ficiency gap issue is addressed through comparison of
the parameter estimates for the best districts obtained
through our methodology with those of an average dis-
trict sales response function obtained using regression
analysis. This comparison points to an important meth-
odological finding. The use of multiple estimation re-
sults may lead to an improved understanding of the
phenomenon being studied (in our case, the identifica-
tion of the likely causes of district productivity ineffi-
ciencies). The latter two sources of increased profitabil-
ity, salesforce reallocation and changes in the current
salesforce size, are addressed analytically given the dis-
trict level efficient frontier sales response function.

The proposed “Top Down” procedure using the ef-
ficient frontier methodology and the insights it provides
are examined by evaluating the operations of two dif-
ferent salesforces, one selling manufacturing equipment
and the other business equipment. In both cases,
regression-based analysis would have resulted in a dec-
laration that the status-quo was close to optimal, while
the frontier-based analysis pointed out that strong gains
were possible in certain districts. In particular, for both
firms, the greatest increases in profit are obtained
through improved salesforce efficiency in the lower per-
forming districts, not through salesforce size or district
allocation adjustments. At the more micro-level, a com-
parison of the frontier and regression parameters made
it possible to identify which specific changes in the daily
operations of the salesforces would allow the realization
of these potential productivity gains. In our two cases
this could be obtained through more emphasis on pur-
suing prospective accounts.

(Salesforce; Benchmarking; Frontier Estimation)
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EVALUATION OF SALESFORCE SIZE AND PRODUCTIVITY
THROUGH EFFICIENT FRONTIER BENCHMARKING

1. Introduction

Many firms, such as producers of manufacturing and
business equipment, are critically dependent on their
salesforces to inform consumers about their products
and to perform sales transactions. The results achieved
by the salesforce are dependent upon its size, geo-
graphic breakup, and the allocation of individual sales-
people’s time to specific types of consumers and to spe-
cific product line items. A methodology that can iden-
tify the facets of a firm'’s salesforce operation that are
ripe for improvement can be a key to increased profit-
ability. For example, will hiring more salespeople im-
prove profitability or is the current salesforce size op-
timal? Can the salesforce be better allocated to districts?
Can the members of the salesforce improve their per-
formance by changing their calling patterns? This paper
develops and illustrates a methodology that is capable
of providing insights into these questions.

Within an organization, technical salesforces are usu-
ally broken down into regions and then further into dis-
tricts. Several salespeople operate within each district
and often each salesperson has an exclusive territory in
which to sell the product line of the firm through peri-
odic calls on current and potential clients. While overall
sales goals are determined by upper management, the
detailed operations of a salesforce are usually planned
using a “Bottom Up” approach. With a district man-
ager, each salesperson evaluates the likely sales to the
customers and prospects in their territory. Sales goals
and quotas are set, and when these are combined with
those of the other salespeople in the district, a district
sales forecast results. This forecast in turn can be aggre-
gated with those of other districts to generate a national
sales forecast. If the national forecast does not match the
national sales goal, the individualized quotas can be ad-
justed. When the current salespeople are judged to be
operating near their utmost capacity, salespeople may
be added and territories realigned.

The existing literature on salesforce problems mirrors
this “‘Bottom Up’” approach. The basic unit of measure-
ment is either the individual purchasing account or the
individual salesperson'’s territory, and the responses of
these units to the number of sales calls are either esti-
mated or subjectively determined. Knowledge of these
response functions allows companies to plan the allo-
cation of each salesperson’s time and to realign sales
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territories. Models representing the response of sales to
the level of sales effort have been formulated and esti-
mated by Lucas, Weinberg and Clowes (1975); Beswick
and Cravens (1977); Lilien (1979); and Ryans and Wein-
berg (1979, 1987). The allocation of a salesperson’s time
to customers and prospects and across products has
been examined by Montgomery, Silk and Zaragoza
(1971); Lodish (1971, 1974, 1976, 1980); Fudge and Lod-
ish (1977); and Lodish, Curtis, Ness and Simpson
(1988). The design and operation of sales territories has
been studied by Hess and Samuels (1971); Lodish
(1975); Zoltners (1976); Zoltners and Sinha (1983); and
Rangaswamy, Sinha and Zoltners (1990).

Within any individual salesperson’s territory, the al-
location of a salesperson’s time to customers and pros-
pects—and across the firm’s products—need not be
controlied by these direct allocation methods. Indirect
control of the salesperson’s efforts can be achieved
through an appropriate compensation scheme. Assum-
ing that each salesperson knows his or her territory bet-
ter than anyone else in the firm, a compensation scheme
which allows simultaneous maximization of the sales-
person’s and firm’s objectives (i.e., income and profit)
will lead the salesperson to allocate time such that it
maximizes firm profit. The indirect control of salesforce
efforts through compensation schemes has been studied
by Farley (1964); Davis and Farley (1971); Srinivasan
(1981); Basu, Lal, Srinivasan and Staelin (1985); Cough-
lin and Sen (1989); Rao (1990); and Lal and Srinivasan
(1993).

The ““Bottom Up” approach requires very detailed in-
formation for its successful implementation. For exam-
ple, for each customer and prospect an accurate func-
tion reflecting sales response to salesperson calling time
is needed. Since these functions are usually estimated
subjectively, their accuracy is far from perfect (e.g.,
Charkravarti, Mitchell and Staelin 1981) and aggrega-
tion compounds this problem. Therefore, it would seem
worthwhile for top management to augment the ““Bot-
tom Up” planning of the salesforce operation with a
“Top Down” evaluation when making decisions on
such important matters as the size of the national sales-
force. The ““Top Down" approach is a more aggregated
approach which allows top management an indepen-
dent assessment (i.e., with little or no input from the
salesforce) of the salesforce size, its geographic breakup
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and time allocation. In this approach, the basic unit of
measurement is the sales district. District level sales re-
sponse to the number of salespeople is estimated. Based
on this function, the optimal number of salespeople in
each district and thus the nation as a whole can be de-
termined. The more detailed district level operational
issues, such as the allocation of salespeople within the
district to territories, customers, product lines, etc., can
then be achieved using the “Bottom Up” methodology.

The benchmarking methodology developed in this
paper estimates a function that reflects the “efficient
frontier” sales response to salesforce size, effort and
other variables. This efficient frontier sales function re-
flects the productivity of only the firm’s top performing
districts. Using this response function, the profit maxi-
mizing number of salespeople may be found, each dis-
trict’s efficient frontier sales can be calculated, ineffi-
cient districts can be identified and the extent of these
inefficiencies can be revealed. Through comparison
with regression-based estimates of the average sales re-
sponse function, possible reasons for these inefficiencies
can be uncovered.

The following study outlines and demonstrates this
“Top Down” approach. The first section models district
sales response to the number of salespeople, reviews the
efficiency frontier methodology used to estimate this
function and contrasts this procedure with regression
analysis. The second section derives the optimal sales-
force size in each district and nationally from the sales
response analysis. In addition, the optimal reallocation
of the national salesforce to districts when its size is
constrained (at least in the short run) is derived. The
third section examines the operations of two separate
salesforces in very different industries and illustrates
the efficient sales frontier estimation methodology and
the optimization procedures. The fourth section pro-
vides a summary and suggests some further applica-
tions of the proposed benchmarking procedure.

2. Sales Response to the Number of
Salespeople

Sales of a firm’s products, especially when industrial

and commercial goods are involved, depend on the size

and productivity of the firm’s salesforce. As advertising

does for consumer goods, a salesforce for industrial or
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commercial goods informs customers and prospects of
the existence and attributes of a firm's products. In ad-
dition, for these goods the salesforce performs direct
sales transactions.

Aggregate (national) sales response models are fre-
quently used to measure the effectiveness of advertis-
ing. Estimation commonly is conducted through time
series analysis. (For a review, see Hanssens, Parsons
and Shultz 1990.) Unfortunately, the use of time series
analysis to measure salesforce effectiveness is generally
not feasible because not enough variation in the sales-
force size occurs over time. Unlike advertising budgets
which are handled by an outside advertising agency
and are often drastically adjusted in response to busi-
ness cycles and other events, salespeople are part of the
firm’s organization and their employment is smoother
over time. As a result, a cross-sectional rather than a
time series analysis is more appropriate in salesforce
applications. The natural unit of measurement for this
cross-sectional analysis is the sales district. Typically,
salesforces operating in the U.S. are divided into 25 or
more separate sales districts, each usually having a dif-
ferent number of salespeople.

2.1 The District Sales Response Function

The firm’s sales in any district depend on the potential
for its product line in that district and the selling effort
exercised. A general formulation is

SALES; = (POTEN;,)(SPEOP,)?, (1)

where for district i, SALES; equals the firm's sales, PO-
TEN,; is its sales potential and SPEOP, is the number of
salespeople assigned to the district. The constant y mea-
sures how sales are affected by the size of the salesforce.
Since additional salespeople will have to call on less
promising accounts, diminishing returns are associated
with additional salespeople. This means that 0 < vy
<1

District sales can originate from reorders by custom-
ers who purchased from the firm in the previous period
or from purchases by prospects—consumers who either
bought previously from competitors or are now in the
market for the first time. A district’s sales potential for
the firm, POTEN;, thus can be related to the size of the
customer base sold to last period, LCUST;, the size of
the prospect base, PROSP;, and the strength of the
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competitive activity in that district, COMPT,. Conse-
quently, the district potential can be formulated as

POTEN; = e*(LCUST,)”"(PROSP;)®2(COMPT,)*>. (2)

In general it is harder to convince a prospect to start
buying from the firm than to get a past customer to
order again. The relative magnitudes of 3, and £, reflect
the difficulty in selling to these segments. Since in-
creased competitive activity is likely to reduce the po-
tential sales left for the firm, the coefficient B is ex-
pected to be negative.

Combining Equations (1) and (2) the resulting district
sales response function is

SALES, = e“(LCUST,)”'(PROSP,)*:
X (COMPT;)**(SPEOP;)". (3)

Employment of better salespeople—and improvements
in their calling patterns and sales closing abilities
through better training, management or a more appro-
priate compensation scheme—will result in increased
salesforce effectiveness and greater district sales. This
increased effectiveness would be reflected in equation
(3) by either a larger vy or larger values for a, 8, and £,
(or some combination of these).

[t is important to note that Equation (3) is a simplified
model of district sales and, depending on the context, it
may need adjustment for two reasons. First, the model
specification as a multiplicative function is an approxi-
mation. The multiplicative function is frequently used
since its log transformation is easy to estimate and un-
like a linear function it assumes diminishing returns
and thus is suitable for optimization. Nevertheless,
other more complex functions, such as a Markovian
model to deal formally with lagged sales and a specifi-
cation to deal with lagged selling efforts, should be con-
sidered. Second, other marketing mix variables may
need to be included in Equation (3) if they cause differ-
ent sales levels across districts. Apart from salesforce
size, pricing and advertising also impact sales. If the
firm’s pricing and advertising policies do not vary
across districts (for example, by the use of the same pric-
ing policy in all districts and the use of national media
for advertising) these variables need not be added. On
the other hand, if district level advertising is conducted
through, for example, direct mail or spot TV, its inten-
sity in each district should be included.
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[n terms of the variables that do appear in Equation
(3), an operational measure or measures for each must
be identified. The size of the customer base is equal to
the number of customers only if the quantity purchased
by each customer is identical or the distribution of their
order magnitudes is identical across districts. Conse-
quently, lagged sales may prove a better measure. A
similar issue arises with respect to the size of the pros-
pect base. In addition, measurement of the number of
prospects or their potential purchasing power is likely
to be quite difficult. A combination of measures relating
to overall market potential (customers plus prospects)
may serve as a less difficult and less costly to obtain
proxy for the size of the prospect base. A measure or
measures for the company’s district salesforce size is
another issue for concern. Utilizing its numerical size is
strictly correct only if all salespeople are equally effec-
tive or the distribution of salespeople “quality” is the
same in all districts. If not, other measures such as ex-
perience, tenure levels and subjective salesperson eval-
uations by the district manager may need to be added.
For competitive activity, this “quality” of salespeople
issue is also relevant, although hard to ascertain.

Other cross-sectional complexities also may impact
the model specification. Even if the number of custom-
ers and their individual purchase sizes are the same
across districts, their geographic distribution within the
territories of each district may vary. Salespeople in ter-
ritories with less densely located customers (or pros-
pects) will be less effective due to increased travel and
corresponding corrections to the model may need to be
made. Equation (3) allows no “spillovers” from one dis-
trict to the next. This means that an effective salesforce
in one district does not affect the sales in the adjacent
districts nor do the customer bases ““talk” across district
lines. It also is assumed that the same product mix is
demanded and offered in all districts. If there is reason
to believe that “spillovers” occur or that certain brands
are more popular in certain districts (or regions), ap-
propriate model specifications may be necessary. Fi-
nally, if cross-sectional regression analysis is used to es-
timate the parameters of Equation (3), it is implicitly
assumed that the parameters are identical for all dis-
tricts. If salespeople are more effective in a particular
district due to better district management or better call-
ing patterns, time series analysis done separately for
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Figure 1 District Sales Response to Number of Salespeople
District
Sales
i o [ )
s °
.
. °
Number of District
Salespeople

each district would allow different parameter estimates
for each district. Unfortunately, for the reasons men-
tioned earlier, this is usually impossible. However, in
the following section an alternative procedure which
may unveil the more effective district salesforces (and
their parameter values) is presented.

Note that our modelling of the district sales response
function, Equation (3), and its subsequent estimation
are different in focus from the previous literature. Ear-
lier models of sales response to salesforce effort, such
as Beswick and Cravens (1977) and Ryans and Wein-
berg (1987), were aimed at predicting sales in an indi-
vidual salesperson’s sales territory. Nevertheless, the
type of explanatory variables used in these studies also
are utilized in our model. Moreover, the hypothesis that
the parameters of Equation (3) may depend on the op-
eration of the salesforce has been supported. Parsons
and Vanden Abeele (1981) find the parameters measur-
ing the effectiveness of selling effort to be dependent on
the degree to which handouts and samples were dis-
tributed by salespeople in their sales calls.

2.2 Estimation Based on ““Good Districts”

If all districts were designed with equal potential (i.e.,
POTEN; = ¢°), but their sales varied due to differential
salesforce sizes, we would expect the district level data
and the concave average sales response function to look
like those depicted in Figure 1. Actual district observa-
tions are shifted up or down relative to the average sales
response function due to different salesforce productiv-

MARKETING SCIENCE/Vol. 15, No. 4, 1996

ities in the various districts. These inefficiencies or over-
efficiencies relative to the average performance may be
modelled into the sales response function through a
multiplication by e*:

SALES, = ¢°(SPEQOP;)7e*. (4)

Estimation of 6 and v in the sales response function (4)
may be carried out in a number of ways. One approach
implied by Figure 1, is to run a simple linear regression
(after a log transformation) where the #i correspond to
the error terms. This estimation may be represented as:

N
Min 3 u? (5)
%Y =

s.t. In(SALES;) = 6 + y In(SPEOP;) + 4,
for every districti, i =1,2,3,..., N.

In essence, regression analysis obtains a measure of y
which reflects the average response of district sales to
district salesforce size. Consequently, it is a simple ex-
ercise to benchmark each district’s performance relative
to the expected average performance given its salesforce
size.

A smart national salesforce manager, in evaluating a
district’s sales performance, may not want to bench-
mark it against an average performance. Rather, such a
manager might like to compare district performance to
a higher standard and push each district to achieve this
higher benchmark. Thus, another possibility, depicted
in Figure 2 as line 1, is to estimate the response function

Figure 2

Different Sales Response Functions

District
Sales

Number of District
Salespeople
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based on the districts whose performances are better
than average (that is, those observations which lie above
the average regression line I). The resulting estimated
parameters 6 and y pertaining to line II are expected to
exceed those for line .

This idea of benchmarking against the better perform-
ing districts can be taken further. For example, why not
benchmark each district against the top performing
quarter or eighth of the districts. Ideally why not pass
the “benchmark” response line through the best per-
forming district, as in line III of Figure 2, and encourage
all other districts to obtain similar results. However, as
one becomes more demanding, the number of obser-
vations remaining for the estimation task becomes
small. In the case of line III in Figure 2, there is only one
data point. Fortunately, there exists a class of estimation
procedures ideally suited to estimate an envelope func-
tion such as line IIL. These procedures estimate an Effi-
cient Frontier line passing through the most efficient
sales district’s data point while minimizing the line’s
distance from all of the other less efficient districts. A
formulation of such a procedure is

N
Min Y o, (6)

by =1

s.t. In(SALES;) = 6 + y In(SPEOP;) — y;
for every district i
ui = 0 for every district i.

In the least squares estimation, the errors are on both
sides of the estimated line and, therefore, receive both
positive and negative values. In the efficient frontier es-
timation, only negative errors are possible since no dis-
trict can outperform the efficient frontier. In addition,
the efficient frontier estimation procedure strives to
minimize the sum of these errors rather than the sum
of their squares. If assumptions are made about the dis-
tribution of the error terms, ui, econometric techniques
may be used to estimate problem (6). (Bauer (1990) pro-
vides a nice review.) Linear programming methods are
used if no distributional assumptions are made. One
such popular procedure is Data Envelopment Analysis
(Seiford and Thrall 1990).

The statistical significance of the regression parame-
ters can be measured using standard t-values. However,
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since the efficient frontier estimation utilizing linear
programming does not make any distributional as-
sumptions concerning the errors y;, standard t-tests are
not applicable. Lack of such a test has been a bone of
contention between econometricians and operations re-
searchers regarding the value of this type of estimation
procedure (see, e.g., Evans and Heckman 1988; Charnes,
Cooper and Sueyoshi 1988). However, as shown by
Horsky and Nelson (1995), in this instance a nonpara-
metric bootstrap technique can be used to assess the
distributions of these efficient frontier parameters and,
thereby, provide a statistical test as to whether the pa-
rameters differ from zero. This technique uses repeated
estimations on bootstrap samples of the data to generate
the standard deviations of the parameters. Details of the
bootstrap methodology as applied to the case discussed
here are provided in Appendix A.

The efficient frontier resulting from problem (6)
forms an envelope around the districts representing the
maximum sales possible given the number of salespeo-
ple. This frontier offers a well defined basis for bench-
marking a district’s sales effort. The relative extent to
which a district’s sales fall short of its maximum sales
level (i.e, the size of e*) offers a direct measure of sales-
force productivity inefficiency in that district.

2.3 Benchmarking

So far, the discussion of sales response estimation pro-
cedures has been developed assuming a constant poten-
tial, ¢°, across districts. This is not realistic. A more flex-
ible representation of district potential which allows it
to vary across districts is depicted by Equation (2). The
corresponding district sales response function (3) leads
to the more general estimation function:

SALES; = e*(LCUST,)”(PROSP; )
X (COMPT,)**(SPEOP;)e*. (7)

In the estimation of Equation (7) relative to the equa-
tions estimated in problems (5) and (6), § is replaced by
a + Sy In(LCUST)) + B, In(PROSP;) + 85 In(COMPT,).
Hence, the parameters a, 8,, 8, and (s, rather than 6,
are estimated.

Comparison of a district’s actual sales with its bench-
mark sales offers a measure of the district’s relative pro-
ductivity. Many applications of Data Envelopment
Analysis look at how output or costs depend on inputs,
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and they focus on identifying inefficient decision mak-
ing units and measuring the extent of their inefficien-
cies. Early marketing applications of this nature in the
context of salesforce operation have been reported by
Parsons (1990, 1991, 1994), Horsky and Nelson (1991)
and Mahajan (1991).'

In addition, richer insights not discussed in the liter-
ature may be possible through comparison of the pa-
rameter values obtained using the various estimation
procedures. Following the discussion concerning Figure
2, the sales response function (7) can be estimated using
two different procedures. Regression analysis of all dis-
tricts is denoted by REG and the efficient frontier pro-
cedure depicted in problem (6) when estimated using
linear programming is denoted by EFF. One would ex-
pect the parameters of the sales response function (7) to
change as the estimation method is changed from REG
to EFF. For example 5; may become closer to zero in-
dicating relatively less effective competitive salespeople
in the better performing districts. Alternatively, 8, or 5,
may shift upwards indicating better utilization of the
customer or prospect bases, respectively, in the better
performing districts. This comparison of the parameter
values may provide insights into the underlying causes
of the inefficiencies.’

3. Salesforce Size, Allocation and
Efficiency

The manager of a national salesforce may consider sev-
eral actions intended to increase the profit generated by
the salesforce. Three such actions, which can be evalu-
ated based on the sales response function estimation
procedures outlined above, are

! Note that it is implicitly assumed in the efficient frontier estimation
procedure that the performances in the best districts are purely a result
of greater efficiency and not partly a result of random error (noise).
Moreover, it is also assumed that these performances cannot be im-
proved upon. These restrictive assumptions have been eased in some
of the Data Envelopment Analysis literature. However, in this paper
we stick to the basic procedure.

? If separate time series analyses of each district were possible, inter-
district parameter comparisons would be possible. Comparison of the
REG and EFF parameters allows us to at least extract from cross-
sectional analysis a comparison of the best and average districts’ pa-
rameters.
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(i) Improve the performance of “bad” districts by in-
creasing the efficiency (productivity) of their salespeo-
ple to be in line with that in the best districts.

(ii) Redeploy the current national salesforce based on
an optimal allocation to districts.

(iii) Increase (or decrease) the size of the salesforce

to its optimal size with corresponding deployment to
districts.
The first two actions do not require a change in the size
of the current salesforce. They are important because in
the actual management of salesforces large shifts in size
take time. Significant time and cost are involved in re-
cruiting and training new salespeople as well as in as-
signing and introducing them to territories.

3.1 Improved Efficiency

Applying the EFF parameter results to Equation (3)
allows the calculation of the expected maximum dis-
trict sales assuming that the district does not change
its salesforce size and that each salesperson improves
his or her productivity to the level in the best districts.
Based on this analysis, sales objectives for each dis-
trict can be formulated and districts whose perform-
ances are especially poor can be singled out for ad-
ditional attention by the national salesforce manager.
It is also possible to assess the increases in sales and
profit that would result if all non-efficient districts
were to become efficient.

A more difficult question is how the inefficient dis-
tricts can become more efficient. An overall remedy is a
change of district managers in the lower performing dis-
tricts. More specific recommendations for improved
salesforce productivity are revealed if the values of the
estimated parameters in Equation (7) change as we
move from REG to EFF. If the salesforce size parameter,
7. increases, it implies that incrementally additional
salespeople are less effective in the lower performing
districts. This might be remedied by, for example, hiring
more qualified salespeople for these districts. A larger
B value in EFF implies that the top performing districts
do a better job in generating sales from current custom-
ers (for example, obtaining more sales with a lesser time
investment). This would suggest that inefficient dis-
tricts improve their operation with respect to this seg-
ment. On the other hand, if 8, increases, better handling
of prospects is needed in the lower performing districts.
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Note that since the combined parameters measure
relative effectiveness, it is possible that the parameter y
may, in fact, decrease in EFF if a, 3, or 3, increase. This
may occur because larger values for the « and § param-
eters imply that the efficient districts generate more
sales from the clientele in their districts. Consequently,
the sales opportunities available to an additional sales-
person are more difficult.

3.2 Optimal Salesforce Size and Reallocation
As discussed above, the improved sales and profit due
to improved productivity (efficiency) can be obtained
without a change in the number of salespeople in the
various districts. However, the sales response function
allows us to assess the sales and profit impact of a
change in the number of salespeople in any district. In
fact, it is possible to identify each district’s optimal
salesforce size. Alternatively, if the total national size is
frozen at the current level, the impact on profit and sales
of optimally reallocating the salesforce may be exam-
ined.

The profit derived from a district may be expressed
as:

I, = g(SALES,) — c(SPEOP,)
= g(POTEN,)(SPEOP,)” — c(SPEOP,),  (8)

where g is the gross margin and c is the fixed cost of a
salesperson. If in different parts of the country the cost
per salesperson varies, ¢ can be replaced by ¢;. It follows
that the optimal number of salespeople in district i is:

POTEN,)1"/'™?
gy(POTEN) ')] . 9)

SPEOP; = [ .

Assuming that no part-time salespeople are employed,

SPEOP] must be rounded both up and down and the
size with the higher profit should be chosen.® The op-
timal national salesforce size is the sum of these district
values:

? Since lagged sales in part define a district’s potential, strictly speak-
ing discounted profits over time should be maximized and dynamic
optimization techniques, such as optimal control, should be used. For
the sake of simplicity, this issue is ignored and a static optimization is
used as an approximization.
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N
NSIZE* = ¥ SPEOP?. (10)

1=1

It is evident from Equation (9) that districts with larger
potentials, POTEN;, will be assigned more salespeople.
It also follows from Equations (9) and (10) that—if the
gross margin, g, is increased or the cost per salesperson,
¢, falls—the optimal district and national salesforce
sizes will increase. Moreover, a similar outcome occurs
if the salesforce becomes more efficient as mapped
through an increase in either y or the parameters gov-
erning the potential, «, £,, and £,.

In the short run, if the national salesforce is not al-
lowed to change its size, NSIZE, but a redeployment
of its members is acceptable to management, a con-
strained profit maximization problem results. In this
case, the national profit maximization problem be-
comes

N
Max Y II;

i=1

= Y [¢(POTEN,)(SPEOP;)* — ¢(SPEOP;)] (11)

N
s.t. 3 SPEOP, = NSIZE.

i=1
The corresponding optimal district salesforce sizes are

(POTEN,)"/1~¥

PEOP** = NSI -
SPEO SIZE v POTEN ) 7T

(12)

Thus, the existing salesforce is redeployed such that
each district receives an allocation which is depen-
dent on its relative potential. If the national salesforce
size is allowed to grow but is constrained to be below
the optimal national size, NSIZE*, the allocation to
districts will also follow Equation (12).* As with the
nonconstrained profit maximization, the actual dis-
trict salesforce sizes obtained through Equation (12)

* Based on Equation (12) the marginal profit obtained from the last
salesperson in each of the districts is identical. In Equation (9) this is
also true. In addition, in Equation (9), all marginal profits equal zero
making any increase or decrease in salesforce size result in a profit
less than the maximal profit obtained at SPEOP;.
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must be rounded either up or down to the more prof-
itable integer value while maintaining the total na-
tional size. Alternatively, one can use an incremental,
integer-value-based algorithm to find the constrained
profit maximizing integer value for district salesforce
sizes.

4. A Study of Two Salesforces

The “Top Down’* salesforce evaluation methodology
forwarded in this paper was used to examine the op-
erations of two different salesforces. District level
sales response functions were estimated. Next, the
empirical results were used to investigate how addi-
tional profit could be made for each firm through (1)
improving the efficiency of the existing salesforce in
less efficient districts, (2) improving the operation of
the existing salesforce by better allocation to districts,
and (3) increasing or decreasing the size of the sales-
force.

Firm A is a business equipment manufacturer
while Firm B is a chemical production equipment
manufacturer. Each firm is one of the largest manu-
facturers in its respective product class. Firm A em-
ployed 230 salespeople in 26 districts while Firm B
employed 129 salespeople in 27 districts. In both
firms, the pricing and advertising policies were iden-
tical across their sales districts. For each district, the
following yearly data were collected: sales, the num-
ber of a company’s own and competitive salespeople
(and some related salesforce “’size’” variables), and
measures of the customer and prospect bases. Cost
per salesperson and gross margin also were obtained
for each firm.

The number of a company’s own salespeople was
collected from monthly logs and and working
months aggregated to form non-integer values for
the salesforce size. For Firm A, a 1 to 10 rating of
each salesperson’s ‘‘quality” as assessed by his or
her district manager and eye-to-eye contact hours
also were available. Adjusting for the “quality” of
each salesperson allows a relaxation of the assump-
tion, implicit in our development of the sales re-
sponse function, that every salesperson has equal in-
trinsic selling ability. The eye-to-eye contact hours
do not include time spent on nonselling activities
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such as travel and as such may prove to be a better
measure of salesforce selling effort than the number
of salespeople.

The number of competitive salespeople was col-
lected through a survey of each firm’s salespeople
and district managers. Some subjective assessments
were required as some of the smaller competitors
employed dealers instead of sales representatives in
certain districts and their ““people” equivalent had
to be approximated. Moreover, management at Firm
B felt that some of the smaller competitors were pay-
ing more attention to the Los Angeles and New York
City areas (for example, by employing sales repre-
sentatives rather than dealers), and as a result, the
effectiveness of the competitive sales operations in
the two districts was larger than in the other dis-
tricts. Consequently, for Firm B two variables
were used to represent competitive activity. One
variable being the number of competitive salespeo-
ple and the other variable being a dummy variable
equal to one for these two particular districts and
zero otherwise. It follows that the parameter asso-
ciated with this dummy variable is expected to be
negative.

The customer base for each district was measured
either by the number of customers in the previous
year or lagged sales. The latter is preferable since it
takes into account the purchasing power of the cus-
tomers. Unfortunately, this was available only for
Firm B. As stated previously, the size and geographic
dispersion of the various customers (and prospects)
if not distributed equally across districts may impact
the productivity of district salesforces. However,
both firms used a centralized national accounts sales
group to deal with especially large customers, such
as the U.S. government. With respect to the geo-
graphic dispersion of the customer and prospect
bases, for Firm B a rough measure in the form of each
district’s area in square miles was included. For Firm
A, the eye-to-eye contact hours measure deals with
this issue.

Data concerning the prospect base were not di-
rectly available so various measures of overall mar-
ket potential, such as the population size or the num-
ber of refineries in a district, were used as proxies.
For each firm, about twenty different proxy variables
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Table 1 Firm A: Sales Response Function Parameter Estimates
Parameter REG EFF
« Constant 3.472* 2.072
B, Number of Customers 0.440** 0.334"
B, Population 0.153 0.389*"
B Number of Competitive -0.069 -0.136"
Salespeople
y Number of Salespeople 0.432** 0.382**
R? (Adjusted R?) 0.93 (0.92) -
N 26 26

* Statistically significant at 10% level.
** Statistically significant at 5% level.

were collected. Some were chosen based on the types
of businesses and industries that did business with
Firms A and B. Other proxy variables were general
economic and demographic indices. These proxies
were obtained from U.S. County Census reports as
well as commercial data sources. The data generally
were available at the county level and had to be ag-
gregated to correspond to the county composition of
each firm's sales districts.’

4.1 Sales Response Estimation

A priori it was not clear which market potential vari-
ables best represent the prospective customer base.
Since a high degree of collinearity was found be-
tween many of these proxies, their number was first
reduced by examining their correlation matrix and
choosing a relatively independent subset. This re-
sulted in about five proxy variables for each firm.
Then for each firm, the sales response function was
estimated using REG and EFF with the remaining
proxy variables as well as with the other explanatory
variables. Based on goodness of fit, statistical signif-
icance and the intuitive appeal of the parameters,
certain proxy variables were chosen to remain in the
analysis. In principle, significance in either or both
of the estimation techniques led to the inclusion of a

* The identification of current data sources for the various proxies and
their arrangement according to the firm’s districts was the most time
consuming part of each project.
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proxy variable. The sales response functions chosen
for both firms are

FIRM A:
SALES = e*(LCUST)"'(POPUL)"

x (COMPT)**(SPEOP)” (13)
FIRM B:

SALES = ¢*(LAGSL)?'(FOODM)”21(REFIN P22
X (COMPT)ﬂ},[(eﬁz,ZDLA/NY)(SI)EOP)‘/ (14)

LCUST = Number of customers in the previous
period
LAGSL = Lagged sales
POPUL = Population size
FOODM = Number of food manufacturing plants
REFIN = Number of refineries
COMPT = Number of competitive salespeople
Dy a,ny = Dummy variable for Los Angeles and
New York City
SPEOP = Number of own salespeople.

The estimated parameter values of the sales response
functions (13) and (14) using REG and EFF are reported
in Tables 1 and 2. The REG results represent an average
sales response. The EFF results reflect only how sales in
the top (efficient) districts respond to salesforce size and

Table 2 Firm B: Sales Response Function Paraineter Estimates
REG EFF
a Constant 9.322** 7576
il Lagged Sales 0.398** 0.400**
Bas Number of Food —0.085 0.106*
Manuf. Plants
B2 Number of Refineries 0.036*" 0.050"*
B3 Number of Competitive 0.054 0.032
Salespeople
B NYC or LA -0.212 -0.284**
y Number of Salespeople 0.658*" 0.573**
R? (Adjusted R?) 0.87 (.83) -
N 27 27

* Statistically significant at 10% level.
** Statistically significant at 5% level.
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the other variables.® The statistical significances of the
EFF parameters are measured using the bootstrap
method referred to earlier.

Sales response for Firm A also was estimated using
the effective number of salespeople based on the district
managers’ ratings of their salespeople and eye-to-eye
contact hours rather than the number of salespeople.
These alternative measures of salesforce size yielded
statistically inferior results and, therefore, were not pur-
sued further. For similar reasons, for Firm B, the district
square mileage variable used to measure the density of
the customer (and prospect) base was dropped.

4.2 Parameter Values and Benchmarking
Actual sales as well as predicted district sales based on the
REG and EFF parameter estimates for Firms A and B are
provided in Figures 3 and 4. As expected the sales predic-
tions are higher when EFF parameter estimates are used
than when REG estimates are used. Comparison of actual
district sales and EFF-based predicted sales provides a mea-
sure of district salesforce performance. The ratio of these
two values provides an intuitive efficiency rating of how
close each district's performance is to the frontier. These
ratios are provided in Figures 5 and 6. The rather random
distribution of these efficiency ratios over district sales lev-
els shows that (a) there is no apparent bias in the frontier
estimation procedure regarding the sales level and (b) that
“big” or “small” districts are not inherently more efficient.
The sales response function parameter estimates pro-
vided in Tables 1 and 2 generally conform with expecta-
tions and provide further insights relating to salesforce
management and performance. Comparisons across the
two estimation techniques show that a company’s own
salesforce size is a consistently significant factor. However,
it has a slightly lower impact on district sales in the premier
districts. Since the more efficient districts do not necessarily
have larger salesforces, this cannot be due to scale effects.
It seems that, indeed, the addition of salespeople in the
more efficient districts is marginally less productive. This

¢ Due to confidentiality issues the data reported have been rescaled. District
sales figures and the cost per salesperson are multiplied by the same con-
stant. This rescaling affects only the size of the intercept term a. The optimal
salesforce size results are not affected nor are the relative changes in sales
and profits due to the various managerial actions. The rescaling does affect
the absolute magnitudes of the sales and profit figures reported.
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may be due to the finding discussed below that these sales-
forces already generate more sales from the clientele in their
districts. Consequently, additional sales are more difficult.
As expected, the competitive salesforce size has a detri-
mental, but small, effect on the sales of Firm A. While this
parameter is positive for Firm B it is small and is not sta-
tistically significant. This “incorrect” sign may result be-
cause competitors have assigned more salespeople to the
more lucrative districts. In addition, the D; o ,ny parameter
- for Firm B is negative. As expected the effectiveness of
competitive sales efforts in the Los Angeles and New York
City districts is found to be greater than in other districts.
The parameters for past sales activity (LCUST or
LAGSL) and for potential clients (proxied by total mar-
ket potential variables POPUL or FOODM and REFIN)
reveal a key insight. For Firm A, relative to the average
response function estimated using REG, the best pro-
ducing districts reflected by the EFF parameters show a
much larger sales impact of POPUL while the impact of
LCUST is smaller. For Firm B, the efficient frontier sales
response function also shows an increased impact of
REFIN and FOODM, while the lagged sales parameter
is essentially unchanged. This observation is further re-
inforced when the significance of the parameters is
taken into account. Not all the prospect base proxy vari-
ables, such as POPUL for Firm A, are significant in REG
but all are significant in EFF. What is thus evident for
both firms is that in the best producing districts sales
are more strongly tied to the potential customer base.
The increased sizes of the potential customer param-
eters under the EFF formulation imply that in the effi-
cient districts either more attention or better focused at-
tention is paid to prospects. Conversely, the reduced
size of the existing customer base parameter for Firm A
implies that less attention is directed at these accounts
in total. In all likelihood the less promising customers
(in terms of sales versus effort required) are given less
attention or dropped in the more efficient districts. For
Firm B, the same level of response is witnessed for cur-
rent accounts across efficient and inefficient districts al-
though as pointed out above more attention is paid to
promising prospects in the better performing districts.”

7 This inference could have been cross-validated had the eye-to-eye
contact hours for Firm A been separately specified for existing custom-
ers and prospects. Unfortunately, they were not.
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Table 3 Firm A: Actual and Predicted Impact of Salesforce Size and Allocation on Sales and Profit
Current Allocation Optimal Reallocation Optimal Allocation
District Actual EFF REG EFF REG EFF
1 9.92 9.92 9 10 9 10
2 8.46 8.46 9 9 9 10
3 992 9.92 10 10 10 10
4 5.00 5.00 5 5 5
5 30.38 30.38 24 25 24 26
6 11.00 11.00 9 10 9 10
7 8.00 8.00 8 7 8 7
8 5.23 523 7 6 6 7
9 7.54 7.54 8 8 8 8
10 7.00 7.00 7 6 7 7
1 9.38 9.38 10 10 10 10
12 9.54 9.54 10 9 9 9
13 17.23 17.23 17 17 17 18
14 16.38 16.38 14 14 14 14
15 6.00 6.00 7 7 7 7
16 5.00 5.00 5 5 5 5
17 8.08 8.08 9 9 9 10
18 8.00 8.00 9 10 8 10
19 8.85 8.85 10 10 10 11
20 4.00 4.00 5 5 5 5
21 477 4.77 5 5 5 6
22 7.00 7.00 5 5 5 5
23 6.31 6.31 7 7 7 7
24 477 4.77 6 6 6 6
25 6.69 6.69 7 8 7 8
26 5.38 5.38 8 7 8 8
27 4.00 4.00 2 2 8 9
Total Salesforce Size 229.83 229.83 230 230 227 239
Total Sales ($000) 314,262 366,082 313,339 367,105 311,564 372,540
Total Profit ($000) 30,212 39,021 30,038 39,178 30,039 39,193
Change in Profit (%) 292 0.4 0.0

become efficient, all districts would realize efficient
frontier sales and corresponding profits.

Tables 3 and 4 provide the actual sales, profits and
salesforce allocations for each firm as well as those
that would be achieved if all districts became efficient,
if the existing salesforce were reallocated across dis-
tricts to maximize profit, and if an optimal salesforce
size and allocation were implemented. The latter val-
ues are calculated using both the REG and EFF param-
eter estimates. It is interesting to see that for Firm A
the optimal REG-based salesforce size is marginally
smaller than the current one while the EFF-based size
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is slightly larger. Note that the optimal salesforce size
as specified in Equation (9) is dependent on the values
of ¥ and POTEN,. Despite y being slightly larger un-
der REG, the optimal salesforce size is larger under
EFF due to its larger potentials. For Firm B, both es-
timation procedures end up recommending huge,
roughly four-fold increases in salesforce size. Con-
trary to Firm A, the REG-based salesforce size is
larger than the one implied by EFF. In this case, the
difference in the size of the y parameters is large
enough to overcome the larger potentials estimated
using EFF.
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Table 4 Firm B: Actual and Predicted tmpact of Salesforce Size and Allocation on Sales and Profit
Current Allocation Optimal Reallocation Optimal Allocation
District Current EFF REG EFF REG EFF
1 225 2.25 5 2 18 9
2 6.00 6.00 5 4 22 16
3 5.75 575 3 4 14 15
4 3.42 3.42 1 2 5 5
5 5.08 5.08 8 6 31 22
6 6.00 6.00 7 9 31 32
7 3.92 3.92 6 6 25 23
8 6.08 6.08 7 10 28 37
9 4.00 4.00 5 6 21 21
10 5.00 5.00 3 5 14 20
1 492 4.92 5 6 19 21
12 3.92 3.92 5 3 20 12
13 5.00 5.00 4 7 17 25
14 6.00 6.00 6 7 26 26
15 3.00 3.00 1 1 5 4
16 2.00 2.00 1 1 5 3
17 6.50 6.50 4 2 15 9
18 2.75 2.75 2 2 8 7
19 3.50 3.50 2 2 7 7
20 9.08 9.08 13 9 54 32
21 483 4.83 7 6 27 21
22 4.00 4.00 4 4 18 14
23 5.63 5.63 10 7 39 27
24 4.83 483 3 3 12 13
25 458 4.58 4 5 17 18
26 6.75 6.75 6 8 23 30
27 4.00 4.00 2 2 8 g
Total Salesforce Size 128.79 128.79 129 129 529 478
Total Sales ($000) 170,343 211,176 173,148 215,035 438,180 455,529
Total Profit ($000) 22,021 31,004 22,612 31,828 32,920 42,856
Change in Profit (%) 40.8 2.7 346

Tables 3 and 4 also detail the change in profit which
would result from the three managerial alternatives out-
lined earlier based on the EFF parameters. For Firm A,
profits can be increased by 29.2% if all current salespeo-
ple become efficient. Reallocating the salesforce across
districts would only improve profits by another 0.4%.
A further move to the optimal salesforce size would re-
sult in a negligible profit increase. Firm B, in addition
to increasing productivity in its inefficient districts, may
also need to increase its salesforce size. Its profits can
be increased by 40.8% if its salespeople act more effi-
ciently. An additional 2.7% profit increase could be ob-
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tained by reallocating these salespeople and a further
34.6% added by increasing their number. However, the
increase in size is immense. Is this justified? Figures 7
and 8 trace the potential national profit that results
when the national salesforce is optimally allocated
based on the REG and the EFF parameters for various
national salesforce sizes. For Firm B, starting at about
300 salespeople, the profit function becomes rather flat
raising a question about the value of adding hundreds
of salespeople for a minimal expected increase in prof-
its. Even assuming that recruitment and training costs
are negligible (neither is taken into account in our
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Figure 7 Firm A: Profit Response Function. REFIRMA Chart 11
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analysis), the risky nature of the small expected addi-
tional cash flow relative to the certain additional fixed
costs may be enough to tame the implied hiring flurry.®

This risk issue is further enhanced by the extrapo-
lation of Firm B’s district salesforce sizes to levels far
exceeding those currently witnessed. In Tables 3 and
4, we see that the current district salesforces vary in
size from 4 to 30.38 for Firm A and from 2 to 9.08 for
Firm B. When changing the salesforces to their optimal
size, the district salesforce sizes for Firm A range from
5 to 26, actually less than the current range. For Firm
B, the range is from 3 to 37 with 19 of the districts
having a salesforce size greater than 9, the maximum
size currently. This extrapolation issue raises a concern
over whether the estimated coefficient of salesforce
size, v, might be improper for use in this higher size

% This flatness of the profit function over a wide range of salesforce
size is an empirical regularity (Zoltners and Sinha 1996).
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range. In Tables 1 and 2, we see that the EFF value of
v is 0.382 for Firm A and 0.573 for Firm B. Given that
Firm A generally has larger district salesforces this
might imply that, had there been districts with larger
salesforces for Firm B, its value of y would be smaller.
Correspondingly, a smaller optimal salesforce size
would result. The practical implication is that while
the national salesforce of Firm B should be increased
in size, its growth should be gradual. This will allow
the value of y to be updated to reflect sales response
to a higher range of district salesforce sizes before a
more drastic growth in the number of salespeople is
implemented. Quicker learning about the value of y at
larger salesforce sizes can be achieved through exper-
imentation, if doing so is acceptable to management.

44 Conclusions

The bottom line observation on the operation of each of
the two salesforces is that their national size and district
allocation were determined reasonably well by man-
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Figure 8 Firm B: Profit Response Function. REFIRMB Chart 11
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agement. For both of these firms, the most promising
way to improve profitability is not the shifting of sales-
people among districts or the hiring of more salespeo-
ple. Rather, it is through improved salesforce produc-
tivity. In particular, more emphasis on prospects seems
to be a key tool for achieving this improved productiv-
ity. In poorly performing districts, individualized “‘Bot-
tom Up” plans with a stronger focus on prospects
should be implemented. Moreover, a nationwide com-
pensation scheme which better rewards salespeople for
sales to new accounts might merit consideration. It thus
appears that for these two firms how they spend their
marketing budget is at least as important as how much
they spend. A similar conclusion is reported in an ad-
vertising study by Eastlack and Rao (1986) and a nu-
merical analysis by Mantrala, Sinha and Zoltners
(1992).

4.5 Implementation
Some elaboration is warranted about the use of the es-
timation results for actual managerial action with im-
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plications for the future. The parameter values esti-
mated and the optimal policies implied are valuable in
evaluating the current operation of the salesforce. Rec-
ommendations concerning future salesforce size and al-
location are only correct if no changes occur in the fu-
ture concerning either the values of these parameters or
the values of the variables affecting district potentials.
If any of these values change, a new optimal national
salesforce size and district allocation will emerge. With
respect to the parameters, this implies that ideally the
estimation should be redone each year and even then
some subjective changes to the parameters may be
needed. For example, if a new product is about to be
introduced, shifts in the parameters could be antici-
pated. In terms of the levels of the variables affecting
district potentials, forecasted values for the PROSP and
COMPT measures should be used as should current
year values for LCUST measures.

The operations of salesforces A and B were actually
examined as parts of two separate consulting projects
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