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These profits are greater than n,v3/4c (when R < 1) or arbitrarily close to n,v3/4c
(when R = 1). In contrast, because 6, < 1, the profits in the one-product solution just
considered are less than #,v7/4c. Hence selling only to the high segment in the second
period can never be optimal.

[0 Finally, suppose the seller serves the high segment in the first period and the low
segment in the second. Clearly, in the second period, the seller will extract all of the low
segment’s consumer surplus by pricing at

D= v (29)
Hence, profits in the second period are w, = n,(v; — ¢q;)q;, and these are maximized at
nv?/4c when
Uy

(I/=§-

(30)

In the first period, the seller will choose (g, pr), to maximize discounted profit from
that point onward,

™ = m(py = €qn) + 6y, (31)
subject to the constraints,
0c(Vig1 — P1) = ViGh — Dh, (32)
Vndn — Ph = 0.(Vng1 — p1), (33)
Vudn = Dh,s (34)

and taking into account the product and price he will offer later. Once again, the self-
selection constraint for the high segment will be binding, so

v
Di = Vpgn — O(Vsqy — D1) = Vigp — (0 — V) i , (35)

by (29). Substituting in (31), and maximizing with respect to g,, we obtain

Uy

an
It is easy to check that (32) is satisfied, so we have an optimal solution. By (31), profits
from the first period onward are
i | mvt

+ 6, — (1 — 265R). (37)

H2nc —
2 4c 4c

These profits are always positive.

4.1. When to Introduce Products Sequentially

Let us compare I13" and I1}*. When R < 1, I1}* = (n;v3/4c) + (nv7/4c)(1 — R)?.
Comparing this with (37), we get I13™ > IT1}™ if and only if 6. < [6, — (1 — R)*]/2R.
When R = 1, I} < (nw3/4c). So I13™ > IV if 1 = 26°R, i.e., §, < 6,/2R. If &,
> §,/2R, then I14" > II13". Note that I} is never equal to 113" when R = 1. This is
because introducing only the high quality product in the first period (and nothing in the
second period) is not feasible when the seller cannot commit.

Proposition 4 summarizes these results and Figure 3 illustrates them.

PROPOSITION 4. When the seller cannot commit in advance to his subsequent product
strategy, then he will
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(a) sell two qualities simultaneously in the first period if

R<1 and 5629‘-_—(21—1;—@2- or R=1 and b.>75: (38)

(b) sell a high quality in the first period and a lower quality in the second if
R<1 and 5C<Bs——(1—}!;)2 or R=1 and 6.<—. (39)

2R 2R

Figure 3 shows that sequential introduction is likely to be more attractive than si-
multaneous introduction for moderate values of R and small values of 6, relative to J;.

2 products simultaneously

1— /3, 1
R

FIGURE 3. The Optimal Product Introduction Strategy without Commitment.
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(As §, increases, the entire curve moves up and left, including the “hump” in the curve.)
For small values of R, the cannibalization problem is not serious enough to warrant
postponing the introduction of the lower quality product. For large values of R, the
cannibalization problem is so serious that the seller would like to push the lower quality
as far away from the high quality as possible. With simultaneous introduction, he can
do that, with sequential introduction he cannot; compare (10) and (11) with (30) and
(36). As for the §&’s, the smaller 6, is relative to 6,, the more impatient are customers
relative to the seller. So the seller can make a big dent on the cannibalization problem
by postponing the lower quality while not suffering too much from the delay in lower-
quality profits.

This much is similar to the commitment case. But there are some key differences
between the commitment and no-commitment cases. First, as we noted earlier, the in-
ability to commit makes it impossible for the seller to serve only the high segment in the
first period and none in the second. Rational customers anticipate the seller’s interest in
serving the low segment once the high segment has been served, so the seller is forced to
follow a high quality product with a lower quality. The only way to serve only the high
segment is to offer nothing in the first period, but that is not as attractive as selling to
both segments in the first period. In contrast, when commitment is possible, the seller
does find it attractive some times to commit to introducing only a high quality product
in the first period; cf. Proposition 1.

Second, comparing (20) and (21) with (30) and (36), we see that in sequential intro-
duction without commitment, the seller offers both products at their efficient quality
whereas, with commitment, the lower quality is less than efficient for segment /. The
reason is, in the no-commitment case, when it comes time to choose the low-quality
product, the seller perceives his first-period price and quality to be “history,” and thus
ignores the externality imposed by the second-period quality on the demand for the first-
period quality. His inability to commit prevents him from fully internalizing the can-
nibalization problem. By contrast, when the seller commits, he decides on both first- and
second-period products in the first period. Then he recognizes the externality, and picks
a lower quality further away from the high quality. This explains why sequential intro-
duction is more likely with commitment than without commitment. Formally, if the
parameters R, 6, and §, are such that the seller will introduce sequentially when he cannot
commit, then he will also introduce sequentially when he can commit (compare (25)
and (39)). Graphically, the area where sequential introduction is optimal in Figure 2
contains the corresponding area in Figure 3.'°

The superiority of commitment over no-commitment may seem paradoxical at first.
Doesn’t commitment imply a reduction in flexibility and isn’t that bad for the decision-
maker? Our analysis shows that commitment can increase the flexibility of a seller dealing
with rational customers. Every option open to the seller who cannot commit is open to
the seller who can commit. Moreover, certain strategies which are ruled out when the
seller cannot commit—such as selling only a high quality product in the first period—
are feasible when he can commit. Here is another example, then, of strategic interaction
between two decision-makers overturning conclusions derived from single-person decision
theory.

5. Concluding Remarks

We have shown that a seller of durable goods can use time to reinforce the product
differentiation built into his product line by introducing products sequentially instead

% In traditional homogeneous-goods models of temporal price discrimination—e.g., Stokey (1979) and Bulow
(1982)—commitment is better because it assures high-end customers that the seller won’t reduce his price too
much in the future. In our model, commitment is better because it assures high-end customers that the seller
won’t reduce his price and offer an attractive quality in the future.
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of simultaneously. In our model, the need for a differentiated product line arises from
the heterogeneous preferences of customers for a “quality-like” attribute. If the seller
were to introduce the entire product line simultaneously, then the lower-quality product
would cannibalize the sales of the higher-quality product. Sequential introduction, be-
ginning with the higher quality, alleviates this problem by making the cannibalized product
unavailable at the same time as the cannibalizing product.

Sequential introduction is not always better, however. Depending on the seriousness
of the cannibalization problem, and how impatient the seller is vis-a-vis the customers,
the reduction in profits due to the postponement of sales of the lower-quality product
may be too high a price to pay. Sequential introduction cannot be better than simultaneous
introduction if the seller is more impatient than the customers. Also, much of the effec-
tiveness of a sequential strategy comes from the seller’s ability to commit to his future
product and pricing strategy. If the seller is unable to commit, then he is unable to fully
internalize the cannibalization problem, and ends up choosing an overly narrow range
of qualities. The product line, instead of alleviating cannibalization, exacerbates it. So,
given the possibility of committing, the seller should commit.

How sensitive are our results to our assumptions? We assumed that the seller faced
Jjust two segments and could sell over two periods. If the number of periods falls short
of the number of segments, then the seller will have to offer several distinct products in
each period even under a sequential strategy. If there are more time periods than segments,
as for instance when time is continuous but segments discrete, then the seller must also
decide how long to delay introducing a lower-quality product. Our results suggest that
under certain conditions a finite delay will be optimal. We also conjecture that the delay
will be shorter when the seller cannot commit to the date of future products.

We assumed that customers’ utility functions are linear in quality and the seller’s
marginal costs are quadratic in quality. The essential content of these assumptions is
that there exist finite efficient qualities for each segment and there is a positive correlation
between marginal and total utility. If efficient qualities didn’t exist, then the seller could
keep increasing his quality. Obviously, that is unrealistic. The positive correlation between
marginal and total utility makes the low segment the cannibalizing segment and the high
segment the cannibalized segment. As we showed, the seller’s optimal response is to
decrease the quality aimed at the low segment, moving it away from the high segment’s
efficient quality. Srinagesh and Bradburd (1989) consider the negative correlation case
and show that the cannibalizing segment may be the segment with the higher efficient
quality. Then the seller’s optimal response would be to enhance the quality aimed at that
segment in order to pull it away from the cannibalized segment’s efficient quality. In
terms of our story, this means that the seller may choose to introduce the low quality
before the high. Finally, Lutz and Png (1990) show that, in the case of negative correlation,
it is possible that there is no cannibalization even if each segment’s efficient product is
introduced simultaneously.'®

Our results depend on the ratio n,/n;, not n, and »; per se, hence they do not change
if demand is uncertain only in terms of the absolute sizes of the segments. But if the
seller is also uncertain about the relative sizes of the two segments or the two segments’
valuation of quality, then the seller’s strategy isn’t clear. On the one hand, he may introduce
several products simultaneously to gather information about the market’s preferences,
but this may mean selling products at prices that prove to be suboptimal in light of
subsequent information. Also, commitment is harder to achieve with uncertainty. The
optimal strategy with commitment would be a function of the demand revealed, but this
kind of commitment may be difficult to convey to customers.

With regard to potential or actual competition, our essential assumption is that com-

16 This may have been the justification for Minolta’s simultaneous introduction of the 7000i and the 3000i.
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petitors do not act strategically. Sequential introduction is less likely when competitors
are strategic: if one seller delays serving some segment, his competitors will preempt that
segment in the current period, which may be worse than the cannibalization associated
with simultaneous introduction.!”

We have focussed on only one of several important factors that influence the timing
of product introductions. At the beginning of this paper, we outlined work on two other
factors, availability of technology, and the speed of diffusion of information among po-
tential customers. There are other considerations as well. First, a firm will only introduce
products for which it knows there is demand, and it may learn about demand by observing
the success of competing products. For example, several additions to Apple’s Macintosh
line of microcomputers may be viewed as the result of Apple’s gradual recognition of
the demand for IBM-compatibility, power, and speed. Second, a sequential introduction
strategy may be dictated by the need to introduce a low-priced entry-level version of the
product first to reduce the risk of product trial, followed by higher-end models as customers
become more sophisticated.'®

7 We are grateful to Patrick DeGraba for pointing this out to us. The sequential-introduction examples
mentioned in the Introduction are likely to be cases where, given the considerable monopoly power of the
protagonists, the cannibalization problem is more of a threat than the prospect of being preempted by competitors.

18 We are grateful to participants at the Marketing Science Conference at Duke University in March 1989,
the Columbia/NYU/Yale Marketing Workshdp at NYU in May 1989, and the American Economic Association
Meetings in December 1989 for comments. In addition, we thank Chen Yehning, Patrick DeGraba, Debu
Purohit, Jagmohan Raju, Brian Ratchford, Ram Rao, Mike Waldman, and the referees (especially Referee A)
of this journal. This research was supported in part by grants from the UCLA Academic Senate and the USX
Foundation.
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