
Introduction Model Estimation Results and Discussion

Estimating the Innovators Dilemma: Structural
Analysis of Creative Destruction in the Hard Disk

Drive Industry, 1981 to 1998

Mitsuru Igami

Discussants: Zhi Huang & Linge Xia

11/20/2017



Introduction Model Estimation Results and Discussion

Objective and Motivation

Objective

To study why incumbent firms would appear either reluctant about
or incapable of making drastic innovations.

Motivation

The Incumbent-Entrant Innovation Gap

Competing Forces on Innovation Timing Decisions

Cannibalization
Different Costs
Preemption
Institutional Environment



Introduction Model Estimation Results and Discussion

Data and Regularity

Data

Transition from 5.25- to 3.5-inch generations (old and new)

Firm-year (n=259) level data on characteristics (1981-98)

Product category level data on HDD sales

Regularity

In 1981: 11 incumbents and 0 actual entrants

Manufacturing of the new HDDs should have been easier for
incumbents than for entrants.

By 1990: 8 innovating incumbents and at least 12 entrants

Question

If the new HDD market could accommodate more than 11 active
firms, why did incumbents not innovate as aggressively as entrants?
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Model Setup

Firm state: sit ∈ {old only , both, new only , potential entrant}.
Industry state is their aggregation: st = {Nold

t ,Nboth
t ,Nnew

t ,Npe
t },

s−it = {sjt}j ̸=i , N
pe
t = 4 for any t.

πit = πtype(st) = π(sit , s−it ;Dt ,Ct) (1)

Choice sets:

”old” firm: {exit, stay , innovate}, innovation cost, κinc

”both” firm: {exit, stay}
”new” firm: {exit, stay}
potential entrant: {quit, enter}, entrant cost, κent
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V old(st , ϵit) = πold
t (st)

+max


ϵ0it ,
−ϕ+ βE (V old

t+1(st+1, ϵit+1))|sit , ϵit) + ϵ1it ,
−ϕ+ βE (V both

t+1 (st+1, ϵit+1)|st , ϵit)− κinc + ϵ2it

 .

(2)

V pe = max{ϵ0it , βE [V new
t+1 (st+1, ϵit+1)|st , ϵit ]− κent + ϵ1it} (3)

ϵit
i .i .d .∼ extreme value

Sequential-move dynamic game

Type-symmetric strategies
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Model Setup

Assume demand, cost, and market structure will stay constant after
the sample period T . Therefore, the terminal value of firms are:

V old
T =

∞∑
τ=T

βτπold
T (sT ) (4)

Terminal value functions for other type of firms are similarly
defined.

Through backward induction, we can write the expected value
functions from year T all the way back to year 0.
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Estimation: Static Demand

A buyer k purchasing an HDD of product category j , that is, a
combination of generation g (diameter), quality x (storage capacity
in megabytes) and unobserved characteristics ξj , enjoys utility:

ukj = α0 + α1pj + α2I (gj = new) + α3xj + ξj + ϵkj . (5)

Subscripts for buyer category, geographical regions, and year t
are suppressed.
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Estimation: Static Demand

With mean utility of outside good normalized to zero,
Berry(1994)’s inversion provides:

ln(
msj
ms0

) = α1pj + α2I (gj = new)) + α3xj + ξj (6)

mso is market share of outside goods(removable HDDs).

In the paper, it is stated that uk0 = 0, but we believe it to be
a typo (i.e. uk0 = α0 + ϵk0).

IV estimation use the following variables as instruments for pj :

The prices in the other region and user category (Hausman
1996; Nevo 2001)

The number of product models (not firms) (Bresnahan 1981;
Berry, Levinsohn, and Pakes 1995)
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Estimation: Period Competition and Marginal Costs

Given homogeneous goods, firms have Cournot competition.
Marginal costs of producing old and new goods, mcold and mcnew ,
are assumed to be common across firms and constant with respect
to quantity. Firms maximize their profit:

πi =
∑
g∈Ai

πig =
∑
g∈Ai

(pg −mcg )qig . (7)

g , h ∈ {old , new}, g ̸= h. Ai is the set of generations
produced by firm i .

First order condition is:

pg +
∂pg
Qg

qig +
∂ph
Qg

qih = mcg . (8)

We can infer the marginal costs of production, mcold and mcnew ,
from equation (8), and πi from equation (7).
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Estimation: Costs of Innovation, Entry, and Operation

Having obtained the static demand and cost estimates from the
last two steps, we plug these profit variables back into the
expected value function and solve the dynamic discrete choice
game. The CCPs are:

prold(dit = exit) = exp(0)/B, (9)

prold(dit = stay) = exp[−ϕ+ βEϵV
old
t+1(st+1)]/B, (10)

prold(dit = innovate) = exp[−ϕ+ βEϵV
both
t+1(st+1)

− δtκinc ]/B, (11)

where,

B = exp(0)+exp[−ϕ+βEϵV
old
t+1(st+1)]+exp[−ϕ+βEϵV

both
t+1(st+1)

−δtκinc ].

(12)
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Overal Likelihood Function

The contribution of an old firm i in year t to the likelihood is

f old(dit |st ;ϕ, κinc , δ) = proldt (dit = exit)I (dit=exit)×
proldt (dit = stay)I (dit=stay) × proldt (dit = innovate)I (dit=innovate).

(13)

The contributions of the other three types of firms take
similar forms.

Year t has Nt = (Nold
t ,Nboth

t ,Nnew
t ,Npe

t ) active firms of which
X = (X old

t ,X both
t ,X new

t ) exit and E = (E old
t ,Enew

t ) innovate. The
joint likelihood is

∏T−1
t=0 P(Nt ,Xt ,Et) and the MLE yields:

arg max
ϕ,κinc ,κent

ln(
T−1∏
t=0

P(Nt ,Xt ,Et)). (14)
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Important Results

Incumbents have cost advantages over entrants to start
innovating.

Other estimates used in counterfactual analysis are reported in
the paper.
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Rational Innovator’s Dilemma - Cannibalization

Isolate innovation decision from profit maximization.

Split each incumbent firm into two separate entities:

”Legacy”: independent old-only firm - {exit, stay}.
”Corporate venture”: potential entrant - {quit, enter}.

The incumbent-entrant gap shrinks by 57 percent.
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Rational Innovator’s Dilemma - Preemption

Force potential entrants to ignore incumbents innovations.

s̃t = (Ñold
t , Ñboth

t , Ñnew
t , Ñpre

t ) = (Nold
t + Nboth

t , 0,Nnew
t ,Npre

t )

The incumbent-entrant gap widens by 38 percent.
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Rational Innovator’s Dilemma - Sunk Cost

Recall: κ̂inc = 1.24 and κ̂ent = 2.25.

Hold κent = 2.25, simulate with κinc ∈ [0, 1.2].

The incumbent-entrant gap will close-up when κinc = 0.
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Counterfactual:Policy Experiments

The ex ante counterfactual:
Only the first innovators can produce and sell new HDDs.
All of rules are common knowledge from 1981.

The ex post counterfactual:
Firms ignore any patent claims by the first mover until 1988.
All but one producers of new HDDs go out of business in 1988.

License fees:
Simulation is under the ex post patent counterfactuals frame.
Producers pay license fees to patent owner.
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