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This paper presenis 2 theory of multi-period salesforce
compensation in which a firm experiences a production learn-
ing effect. Firm management uses the salesforce compensation
plan to promote current period sales {and production) in order
to lower future period production costs. The firm management
(principat)-salesperson {agent) relationship s modeled as an
agency relationship. The model is a two-period extension of the
Basu, Eal, Srinivasan and Staelin (1985) one-period agency
model of salesforee compensation. We demonstrate that {rela-
tive to the results for the one-period model) firm management
should, in the first period, decrease the salary portion of the
compensation plan and increase the commission rate {as a
percentage of sales). Such changes in the compensation plan
motivale the salesperson io increase first period sales effort,
The firm is able 1o increase discounted two-period expected
profit by considering production dynamics in this compensa-
tion plan, We discuss managerial implications of our model.

1. Introduction

Dynamic pricing and advertising strategies
can increase a firm’s long-term profitability
relative to a static, myopic strategy (see Dolan
and Jeuland, 1981; Horsky and Simon, 1983;
Kalish, 1983, 1985). Here we consider how a
dynamic salesforce compensation plan can be
used to achieve the same goal. A firm that
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produces a product whose costs decline with
cumulative production may wish to imple-
ment a compensation plan that motivates the
salesforce to promote greater current period
sales in order to decrease future production
costs. This paper develops a theory of sales-
force compensation for a firm that experi-
ences a production learning effect and whose
goal 15 to maximize long-term profit.

In many industries manufacturing costs de-
cline with cumulative volume or with produc-
tion experience (Boston Consulting Group,
1970). This phenomenon 1s referred to as the
learning curve or experience curve effect. The
relationship between costs and cumulative
volume s often expressed in log-hinear form,
although other functional forms are popular
{Yelle, 1979; Hax and Majluf, 1982). The
learning curve has been used in decision
problems as diverse as management control,
cost reduction programs, purchasing deci-
sions, non-manufacturing applications, and
management strategy (Yelle, 1979). The pos-
sibility to lower future period production costs
by increased current period sales and output
provides a firm with an incentive to increase
current period sales and output.

Dolan and Jeuland (1981) and Kalish
(1983) suggest that, in the presence of a pro-
duction learning effect, a rational firm may
lower price in a current period in order to
mcrease current period sales and production
and thus to lower future period production
costs. Price is a variable that a firm can use to
control 1ts demand and, thus, its learning
rate. Alternatively, the firm can use its sales-
force to achieve the same objective. In this
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paper, we assume that the firm under consid-
eration 1s a price taker. This assumption is
not critical to our results, and its purpose is
to isolate the effect of the salesforce com-
pensation function from that of the pricing
function on the learning rate.

The paper proceeds in the following
manner. In Section 2 we discuss the salesforce
motivation problem presented in Basu, Lal,
Srinivasan and Staelin {1985a) (hereafter,
BLSS). Our models extends the BLSS analy-
sis. Section 3 presents the assumptions and
methodology of our model. Section 4 dis-
cusses the shape of the optimal compensation
plan and then presents comparative statics on
how production learning affects the com-
pensation plan. Section 5 discusses managerial
implications and conclusions.

2. The BLSS salesforce motivation problem

BLSS analyse a salesforce motivation prob-
lem in which sales are conditionally distrib-
uted on effort, and the expected value of the
sales response is increasing in effort. Their
analysis determines optimal compensation
schemes, and demonstrates that these schemes
specify a combination of salary and commis-
sion. One result of the BLSS analysis is that
as sales uncertainty increases, the salary por-
tion of the compensation increases, and the
commission rate (as a percentage of sales)
decreases. With increased uncertainty in the
sales environment, there is a greater need for
the firm to protect the salesperson from fac-
tors other than effort that cause low sales. A
major innovation of the BLSS model is that it
examines the design of an optimal compensa-
tion scheme, and not just the level of commis-
ston rates, under the realistic assumption of
uncertainty in the relationship between effort
and sales. (Berger (1972, 1975) considered
sales uncertainty earlier, but he restricted his
attention to commission plans only.)

However, the BLSS analysis is restrictive in

that the firm has a one-period planning hori-
zon. In their one-period model, the firm will
not offer increased commissions (or bonuses)
to currently promote a product for its future
benefits.

Economists have also examined firm
management—salesforce relationships in the
context of the principal-agent problem.
Holmstrom (1979) and Grossman and Hart
(1983) developed the methodology used in
BLSS. Moreover, the economics literature also
examines multi-period agency problems. The
concern of the economics literature on re-
peated relationships is whether long-term
contracts and relationships improve the eco-
nomic efficiency of an agency relationship
(see Hart and Holmstrom (1987) for a review).
However, that literature has not addressed
the issue of the design of an optimal com-
pensation plan that accounts for the intertem-
poral cost relationships described here.

In the following sections we develop a the-
ory of salesforce compensation that extends
the BLSS analysis. We consider a firm with
(1) a multi-period planning horizon, (i) a pro-
duction learning effect, and (iii), as in BLSS,
uncertainty in the effort-sales relationship.

3. Assumptions and analysis
3.1. Model assumptions

Our analysis uses the agency-theoretic ap-
proach, in which the firm (principal) con-
tracts with the salesperson (agent) to sell the
firm’s product. The firm’s problem is to
choose a salesforce compensation plan to
maximize firm profit, subject to the con-
straint of motivating a salesperson who has
his own objective. The firm cannot pay the
salesperson as a function of his effort because
of the difficulties and costs of monitoring
effort. Thus, the firm chooses a compensation
plan, such as salary and some form of com-
mission, that 15 not based directly on effort,



JA. Dearden, G L. Lilien / Optimal salesforce compensation 181

This agency-theoretic approach borrows from
Holmstrom (1979), Grossman and Hart (1983)
and BLSS. Our assumptions are as follows.

(1) We consider a two-period model. In
each period, there are three stages. In the first
stage, the firm presents the salesperson with a
contract that states the salary and the com-
mission rate (as a percentage of sales). In the
second stage, the salesperson decides the ei-
fort (time} to devote to selling the product. In
the third stage, the firm produces enough of
the product to meet the realized sales, and
compensates the salesperson.

(2) The firm’s objective is to choose a com-
pensation scheme in each period that maxi-
mizes its discounted profit stream (over cur-
rent and future periods). The firm is farsighted
in the sense that it is concerned with the
effect of its first period actions on its second
pertod profit. The firm’s first period objective
function i1s a two-period extension of the
one-period objective function in BLSS. The
salesperson’s objective in each period, on the
other hand, is to maximize his own dis-
counted utility. (This last assumption 1s dis-
cussed later.)

(3) The salesperson’s utility function for
compensation, s,, and time devoted to selling,
t,, in each period i (where /=1, 2} is ad-
ditively separable as U(s,) — V(¢,), where U
is the utility for compensation and ¥ is the
disutility for sales effort. We consider, as do
BLSS, the utility function U(s,) = 2s5}/%, and
the disutility function V(¢;) = dt], where d > 0
and y > 1.5. The salesperson’s uftility from his
outside option {next best alternative) is m,.
We assume the salesperson’s utility function
and m, are known by both the salesperson
and the firm. In addition, the market for
salespeople 1s assumed perfectly competitive.

(4) The marginal cost of production and
distribution in period i, ¢, 18 constant in
current period output. Second period unit
cost, ¢,, is decreasing in first period sales and
output x,. The cost relationship (the learning
curve) may be expressed by c,(x;), where

¢, >0, ¢; <0, and ¢i < 0. The firm is a price
taker in each period, and the market price is
normalized to 1.

(5) The dollar sales rate 1s probabilistically
influenced by effort. As BLSS, we examine
two distribution functions of sales—the
gamma and the binomial distribution. Here,
we examine the gamma distribution only. The
results for the binomial distribution have the
same qualitative features as those for the
gamma distribution. For the gamma distribu-
tion, the conditional probability density func-
tion (pdf) for sales in period i is written as

_ 1 g
f(x,-lff-)wm"gm

(4-1)
% (ﬁff_) o (@x)/8()
gl1,)

where I'(+) i1s the gamma function. For this
distribution, the conditional mean is

E(x::“;) =g(t1)

and the variance is

Var(xf-|f,-) = gz(fs)/‘i-

We assume the conditional distribution of
sales given an effort rate is known by both
the salesperson and all firms in the market.

(6) In the first period we assume the firm
cannot pre-commit to a second period com-
pensation scheme (Fexias, Guesnerie and
Tirole, 1985; Laffont and Tirole, 1987). Con-
sistent with this assumption, we employ the
sub-game perfect equilibrium solution con-
cept (Selten, 1975), which requires that
whenever an agent is called on to choose an
action, he chooses one to maximize his ex-
pected payeff from that moment on.

An 1mportant implication of this assump-
tion 1s the following. With an increased learn-
ing rate and the resultant increased second
period profit margin and optimal sales, the
salesperson would earn a share of the gains
from the production learning if firm manage-
ment were to commit at the onset of the first
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period not to change the compensation
package between periods. Thus, with this
commitment, the firm may not have to in-
crease first period commission rates and lower
first period salary in order to motivate in-
creased first period sales. However, examples
abound of firms that do not commt to future
compensation schemes and ratchet down
salesforces” compensation package and eco-
nomic rent after sales successes. Thus, we
impose sub-game perfection.

Several of these assumptions, although
common in agency theory, deserve comment.
First we assume that the firm (as well as its
competitors) know the sales response func-
tion for each salesperson. This assumption
implies that a salesperson’s sales rate does not
necessarily indicate his ability; rather, each
firm in a market knows a salesperson’s ability
independently. A salesperson then cannot
modify his market value by his specific ac-
tions: a salesperson is motivated only by his
own firm’s compensation scheme.

Holmstrom {1982a) considers problems in
which sales do indicate ability, Thus, a
salesperson may increase current period effort
in order to increase future period market
value. An interesting problem that has been
considered in the economics of search litera-
ture (see Lippman and McCall, 1976) is one
in which a salesperson’s employer has better
information about the salesperson’s ability
than other firms in the market. In this case,
the probability that a salesperson leaves a
firm is decreasing in his ability. The firm can
optimally choose to increase compensation
for {(and retain) better salespeople, and to let
poor performers go.

Depending on the degree of market infor-
mation about salespeople, either our model or
one in which the salesperson’s performance
signals his ability to the firms in the market is
more appropriate. However, our results will
be consistent with those modeling incomplete
information about salesperson ability: if sales
indicate ability, an increased production

learning rate will cause the firm to change the
compensation scheme in order to promote
mcreased current period sales effort.

Second, under the assumption of a per-
fectly competitive salesperson labor market
and no commitment in compensation con-
tracts (under the sub-game perfect equi-
librium solution concept), the firm com-
pensates the salesperson in each period such
that his expected utility from working for the
firm is equal to m, in that period. There are
three implications of this assumption.

(a) The salesperson’s second period ex-
pected utility is not increasing in his first
period sales. (With a larger profit margin in
the second period, the {irm offers a larger
second period commission rate and a lower
second period salary: while holding second
period expected utility for the salesperson
constant at m, This result is established in
BLSS. Thus, the second period compensation
plan, and not the salesperson’s expected util-
ity, depends on the first period sales rate.)
The salesperson does not derive any of the
benefits of the decreased costs from the pro-
duction learning effect. This is related to a
general problem in repeated agency relation-
ships— the ratchet effect (see Dearden, Ickes
and Samuelson, 1990).

(b) If a salesperson i1mproves his perfor-
mance over time, his m, increases, the firm
keeps the same salesperson over time, and it
does so at no additional cost relative to hiring
a new salesperson.

(¢) Because the salesperson’s expected util-
ity is independent of first period sales, his
first period sales effort if he is farsighted will
be the same as if he were myopic. This is a
result of the structure of the compensation
scheme, so our results apply to a salesperson
who is either myopic or farsighted.

Third, agency problems generally assume a
perfectly competitive labor market and that
the agent (or salesperson) has no “bargaining
power”. The salesperson earns no more than
his market value from any firm, so the firm
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offers the salesperson a *take-it-or-leave-it”
contract, in which the firm knows the market
value of the salesperson (or the minimum
amount that the salesperscn will take). Future
research should empirically examine the
“bargaining power” salespeople have in nego-
tiating compensation contracts.

Fourth, because we examine a two-period
model, the firm is myopic in the second
period. Thus, in the second period, we essen-
tially have a BLSS model. A more realistic,
operational model should consider a far longer
time horizon. However, our research really
focuses on the effect the future (the second
period) has on what the compensation scheme
should look like now (the first period). For
this purpose, two periods are sufficient; with
a production learning effect between the first
and second periods, our model can examine
how the firm should change first period com-
pensation. The direction and type of change
will be the same whether the effect lasts for
one period in the future or for many periods.

Finally, our model assumes that each
salesperson receives a customized compensa-
tion package and that each salesperson’s ac-
tions have no effect on other salespeople.
Hence, we do not examine how a firm com-
pensates salespeople when there are “team”
sales. Lal and Staelin (1986) and Holmstrom
(1982b) address this problem. Another way to
view our results is that the firm employs
many independent salespeople, each of whose
effects add to learning. The result would be a
different level of learning (since the selling
effort of the sales people combine}, but the
effect would be directionally equvalent to
our results here. This assumption limits the
operational character of our results but not
their basic nature.

3.2. The formal model
Following BLSS, the firm’s second period

optimization problem, given realized first
period sales x; (where the overbar indicates a

realized value), is

max f{ll - 62(351)])52_5(962)}

x5 )0
Xf(x;]15) dx,

w0, [Ulse)) /018 dx,

V(1) =, |

] [UG()) (5 11) v,
Vi)

where
fz,(xf‘ [} =df(x|1,)/ds,
and
Vi(e)=av(s,)/de,.
The compensation function s*(x,) and the
sales effort function ¥ solve this problem.
The first constraint, the term multiplied by
f,, states that the firm compensates the
salesperson so that his expected utility from
stayimg with the firm, given s(x,) and 1,, 1s
equal to his expected utility from joining a
new firm. The second constraint, the term
multiplied by p,, states that the salesperson
chooses r, to maximize his or her utility.

In the first period, following the sub-game
perfect equilibrium requirement, the firm
solves the problem

max f{[l —c)xy —s(x) ) flx fey) dx,

s
+D [ [{[1 = ealx))] ez = 5% ()}
KO 16/ (xy 108 ) dxy dx,

+Hi{fU(-~’f(xi)}f(xa “1) dxy

— V) wmi}

1
i

fan] UG L (x0) do = V(1) )
(2)
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The first-order conditions for the second
period optimization problem are identical to
those presented in BLSS, and the first-order
conditions for the first period problem are
presented in Dearden and Lilien (1990).

From BLSS, the optimal period i com-
pensation function for the gamma distribu-
tion 1§ given as

nig'(1)g
six))=|0,+ ——5——|x;—glt)]i- 3
s!(xi) 1 gz(I,) [xi g( 1)] ( )
The compensation functions may be written
as

S(xf)ﬂ[Af”*‘Bixr]zs (4)

where A, is the salary component, and B, is
the commission component of the compensa-
tion package.

4. Shape of the optimal compensation plan:
Results and numerical example

4.1. Results

There are many variables that determine a
firm’s optimal salesforce compensation plan
in our analysis. As in BLSS, the optimal plan
is affected by (1) the uncertainty in the sales
environment, (2) the profit margin, (3) the
salesperson’s market value, (4) the effective-
ness of sales effort, and (5) the base level of
sales. Our analysis differs from BLSS in that
we examine the effect of the production learn-
ing curve on two components of the first
period compensation scheme—the salary
component (denoted by A,) and the commis-
sion rate for each sales rate {denoted by B,).
Next we present a proposition that sum-
marizes the effect of the production learning
curve.

Proposition 4.1. The greater the increase in
second period discounted expected profit from
an increase in first period sales (x,), the less

the first period salary component of compensa-
tion { Ay) and the greater the first period com-
mission rate ( By).

Sketch of proof. Dearden and Lilien (1990)
provide details of the proof; we sketch it here.
In the proof, the present authors consider the
gamma distribution only. The proof proceeds
in three steps. First, we demonstrate that the
second period expected profit (I1F) is de-
creasing in ¢, (where the asterisk indicates the
optimized function). Thus, IT# is increasing
in X;, because ¢, is decreasing in X,. Second,
we borrow from BLSS, who show that A4, is
decreasing in 7, and B, is increasing in #,.
Third, we prove that the greater the increase
in II5 from an increase in X,, the greater ;.
These three steps prove the claim of the pro-
position. O

Figure 1 summarizes the result of Proposi-
tion 4.1.

One important result of Proposition 4.1 is
that the farsighted firm can increase expected

Compensation
s[xl)
-
$ MR
-
s low{xl)
-+
Fixed Variable
Companent Coemponent
¥

Sales Hate (x})

Fig, 1. The effect of the learning rate on the compensation
function. !

"n the graph, the arrows represent the shift in the compensa-
tion function due to an increase in the learning effect. First
period production and sales have a greater effect on second
period expected profit when the learning effect is larger. lead-
mg to a greater variable component and lower fixed compo-
nent of the first period compensation plan. For the high
learning rate, the optimal plan is «*" () and for the low
fearning rate the optimal plan s &% x, 3.



J.A. Dearden, G.L. Lilien / Optimal salesforce compensation 185

profit by employing a compensation scheme
that optimally accounts for the production
learning effect. The discounted profit rate,
II, + DIT,, from the optimal choices, £*, 15,
5*(x,), and s*(x,), which solve equations (1)
and (2), is strictly greater than the discounted
profit rate from the choices for the myopic
firm, f,, 7,, §(x;), and §(x,), which solve the
BLSS model, if D> 0 and ¢;{x,) <0.

4.2. Numerical analysis

We now demonstrate the results of the
model in terms of a numerical analysis. Con-
sider a learning curve where ¢,(x,) = 0.9 —
bX,. We thus examine a linear learning curve
to approximate the more common log-linear
form; the difference between these forms in
the regions we will study are minimal. The
parameter b is the marginal effect of first

Tahble 1

The effect of the learning rate on the optimal compensation plan and profitability

period sales (X,) on second period unit cost
of production (c,). We use the gamma distri-
bution for the sales response function and set
E(x |t,)y=1+10¢, D=09, a=09, y=2,
g= 100, ¢,=0.9, and m,=1. We vary the
slope of the learning curve, b, and examine
the resultant changes in the first period opti-
mal compensation schemes, the time devoted
to sales in each period, and the profit rate for
the farsighted and for the myopic firm. In our
model, a value of b= 0.02 corresponds to
approximately a 25% decrease in unit cost for
the farsighted firm, when E(x,|#) is at its
optimal rate. Table 1 provides these results.

There are two important results from the
numerical analysis. First, the myopic firm’s
first period compensation plan, selling time
t,, and profit rate Il are invariant with re-
spect to the size of the learning curve, since
the myopic firm ignores the learning effect.

E]

The myopic firm

Learning Period1 Period2 Pertodl Period 1 Relative  Period1  Period 2 Discounted

rate effort effort salary commission  cost profit profit total profit

b nr L 4, B, €3/¢y It I1¥ Ny +piiy

0.0000 0.6759 0.6759 6.3520 0.0678 1.000 0.2425 0.2487 0.4662

0.0002 0.6759 0.6763 0.3520 0.0678 0.958 0.2423 0.2546 0.4716

0.001 0.6759 0.6787 0.3520 0.0678 8,991 0.2425 0.3010 0.5152

0.002 0.6759 0.6813 0.3520 0.0678 0.983 0.2425 0.3639 0.5699

6.005 0.6759 0.6896 £.3520 0.0678 0.958 0.2425 0.5486 0.7363

0.010 0.6759 0.7031 0.3520 0.0678 0914 0.2423 0.8648 1.0208

0.020 0.6759 0.72%0 0.3520 0.0678 6.828 0.2425 1.3644 14705

The farsighted firm

b t* I Ay By c1 /0y ik Irx IHF + DY Percent
improvement of
farsighted vs.
myopic firm (%)

0.0000 0.6739 0.675% 0.3526 0.0678 1.000 £.2423 03.2487 0.4662 -

0.0002 0.6816 0.6765 0.3498 0.0682 0.997 0.2424 (0.2547 04718 603

0.001 6.77040 0.6788 6.3409 0.0704 0.990 0.2415 0.3052 0.5161 017

Q.002 0.7310 0.6819 0.329% £.0731 0,981 02387 0.3725 0.5739 0.70

G.005 0.8066 0.6923 0.2976 0.0807 0.952 £.2201 0.6614 07613 3.40

0.810 0.918% (.7125 (1.2430 0.0%19 (3.887 0.1597 1.0687 11216 9.87

0.020 10,1119 07608 0.1353 01112 6.731 0787 2.319% 21665 47.33

* For the numerical exercise, the parameter values are Efx ir)=1+10r,, D =09, a=09 g= 166 m,f:l. ey =039, and

ca( %3 =09 — b%,. Note that a value of b =002 corresponds to roughly a drop in unit cost (at maximal expected sales) of 23%:
other values of b have similar interpretations.
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For the farsighted firm, the first period salary
parameter A4, is decreasing and the commis-
sion rate B, is increasing in b. Also, for the
farsighted firm, first period selling effort is
increasing in b. Therefore, the farsighted firm
promotes greater first period selling effort by
increasing the first period commission rate
and decreasing the first period salary. The
result is an increase in the discounted ex-
pected profit stream for the farsighted firm
over that of the myopic firm. Also, notice
that, comparing first period expected profit
of the farsighted and myopic firms, the
farsighted firm accepts a decrease in first
period profit in order to invest in the produc-
tion cost decline and ultimately to increase
the discounted profit stream.

Second, when there is no learning curve
(b =10), the results are identical to those of
BLSS. As the learning rate increases, the per-
centage improvement in expected profit from
the farsighted compensation plan over the
myopic compensation plan increases. For b=
0.02, there is a 47% increase in profits from
the farsighted plan over the myopic plan.
Also, as the learning rate increases, the rela-
tive cost (¢,/c,) decreases at a faster rate for
the myopic firm than for the farsighted firm.
Thus, firms with larger learning rates (and
larger discount factors) gain more by employ-
ing a compensation scheme that optimally
accounts for a production learning effect.
And, as the learming effect increases, the first
period optimal compensation scheme for the
farsighted firm moves further from the com-
pensation scheme for the myopic firm (as
derived in BLSS).

5. Managerial implications and conclusions

Our results apply to the wide range of sales
environments described in BLSS for the
gamima (and binomial) distributions. How-
ever, our analysis s limited in that we have

examined one specific utility function and our
results require a number of other technical
assumptions described above. These condi-
tions are quite reasonable, however, and the
key result—-that the firm can increase long-
term profitability by coordinating salesforce
compensation with production economies-—
should hold in most real environments,

Our results are analogous to those of Dolan
and Jeuland (1981) and Kalish (1983, 1985) in
the sense that a firm may either lower price
(if it is not a price taker), or provide the
salesforce with incentives to promote current
period sales. Our results may be contrasted
with BLSS in that here a firm bases its cur-
rent period compensation plan on future
period variables as well as current period
variables.

An extension of this work could consider
the design of an optimal compensation plan
in which the firm produces multiple products
(Srinivasan, 1981, examines a one-period
model of this type). We suspect that the firm,
in this case, will also increase the first period
commission rates and decrease salary for the
product with the learming effect. However, the
magnitude of the changes may well be differ-
ent. It may also prove valuable to model the
firm durectly as an employer of multiple
salespeople. Modeling group sales effort may
present some challenging issues for further
research (Holmstrom, 1982b; Lal and Staelin,
1986; Fudenberg, Holmstrom and Milgrom,
1987). In addition, further work might con-
sider risk-averse salespeople who deflate re-
sponse functions in optimizing their behavior,
a different and, perhaps, more realistic model
of how the salesperson responds to the com-
pensation and sales-response environment.

From the standpoint of application, we
have three comments. First, both practi-
tioners and academics recognise both the pos-
sible importance of instilling a long-term
orientation in salespeople and the different
types of long-term orientation. John and
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Weitz (1989), in synthesizing the salesforce
management hterature, state that;

Plans emphasizing salary are recommended when firms
want their salespeople to adopt a long-term orientation
and invest lime servicing accounts to realize future
sajes. Deemphasis of incentives based on present sales
encourages salespeople to forgo sales that will not be in
their customers’ long-terrn Dest interest. In contrast,
plans emphasizing incentives are advocated when firms
are entering a new market and seeking to build up
short-term sales. {p. 3}

This statement sheds light on the complexity
of salesforce compensation for a firm with
imtertemporal sales effects. Our model and
results apply to a firm whose goal is to build
short-term sales—in order to lower future
period production costs. As John and Weitz
(1989) recognise, there are other intertem-
poral issues. The firm’s goal may be to deem-
phasize current sales in order to buwld new
accounts. If building a future account re-
quires several periods before fruition, it may
not be possible for the firm to use current
period commissions on that account to pro-
mote its future period sales.

In our model, the larger the production
learning rate, the greater should be the de-
crease in salary and the larger the increase in
the commission portion of the compensation
package during the introductory periods of
the product. Moreover, the larger the produc-
tion learning rate, the greater the gain in
profitability from adopting our recommenda-
tions. However, the precise values for the
salary and commission components of the
compensation package depend on firm
specific characteristics, such as equity across
salespeople, the salesforce’s response to finan-
cial incentives, regions and product lines, un-
derstandability and the like. Our example in
the last section illustrates this phenomenon;
empirical lesting and gaming experiments will
be required 1o move these results toward 1m-
plementation. {Darmon, 1987, for example,

empirically examined salespersons’ behavioral
patterns in responding to financial incentives.)

Our results are easily understood and easy
to implement. Firm managers should employ
an analysis similar to ours, with assumptions
appropriate to the firm, in order to determine
an optimal compensation scheme. Currently,
many firms offer bonuses for selling new
products because they are difficult to sell and
the products offer large carryover effects on
the demand side. (In our analysis, if we model
demand carryover effects, the results are anal-
ogous to those we derive for the production
learning effect. With an increased carryover
effect, the firm should lower salary and in-
crease comumission in order to promote first
period sales. The proof of this proposition,
although not included in this exposition, is
similar to a proof in Dearden and Lilien,
1990.)

Second, the coordination between produc-
tion management and sales management to
implement the farsighted compensation plan
we suggest is munimal. Sales management
needs to be aware of the expected learning
effect.

Third, a cnitical problem in implementing
such a compensation program is whether the
salesforce will accept such a change. Note
that under both the myopic compensation
plan and the farsighted plan, the salesperson
earns an expected utility of m; in the first
period and m, in the second period (this
result is derived from the optimization prob-
lem). Thus, the salesperson should be indif-
ferent to the change from the myopic to the
more farsighted compensation package. The
salesforce could be motivated to accept this
change by an overall increase in compensa-
tion, perhaps by having the firm institute a
share of 1ts increased expected profit to over-
come whatever disutility the salesperson may
perceive as a result of the more complex
compensation scheme.

Our comments and results on intertem-
poral sales i1ssues are not surprising and sup-
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port the conventional wisdom that in desig-
ning a current period compensation scheme a
firm may sacrifice current period profit in
order to promote future period sales and
profitability. As for our specific model, there
‘is a plethora of examples of firms that offer
bonuses or increased commission on new
products. With new products a firm often
faces a both a production learning effect and
intertemporal demand effects, and we believe
that firms consider both demand and produc-
tion sides when promoting new products.
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