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e Weak relation between investment and Q (Peters and Taylor (2017))
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(2019))

¢ Open (relevant) questions:

e How does knowledge interact with physical investment and valuation?
e Does knowledge affect the investment-Q relation? How?



Our starting point - the process of knowledge creation

o Neo-classical model of investment to examine these questions

e QOur focus: the process of knowledge creation within firms



Our starting point - the process of knowledge creation

Neo-classical model of investment to examine these questions

Our focus: the process of knowledge creation within firms

Starting point: Knowledge is not a typical capital input in production

Hard to buy directly (unlike physical capital)
Difficult to accumulate and retain (the human part)
Can depreciate very fast (obsolescence)

Effect on profits is highly uncertain

Existing models (e.g., Eisfeldt and Papanikolaou (2013), Peters and
Taylor (2017)) add intangible capital as an extra factor of production
(with different adjustment costs)



Our starting point - the process of knowledge creation

Neo-classical model of investment to examine these questions

Our focus: the process of knowledge creation within firms

Starting point: Knowledge is not a typical capital input in production

Hard to buy directly (unlike physical capital)
Difficult to accumulate and retain (the human part)
Can depreciate very fast (obsolescence)

Effect on profits is highly uncertain

Existing models (e.g., Eisfeldt and Papanikolaou (2013), Peters and
Taylor (2017)) add intangible capital as an extra factor of production
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Our view: Knowledge results from exploration and experimentation
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e e.g., screens for mobile phones, oil extraction process, organizational
structure, data curation process, etc.

Unsure about the true quality of the technology (good or bad)

Knowledge = Information about current technology’s quality
e Passive learning-by-doing (i.e., passage of time)
o Active Experimentation — learning-by-investing
e e.g., learn more by operating more machines or larger R&D labs

Key: Knowledge is a by-product of economic activity (Arrow (1962))

Explore new tech when firms are confident that current tech is

e Poor quality (unprofitable)
e High quality (more entry eroding profits) — need for innovation
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o At all dates, the firm chooses either to continue operating the cur-
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e The firm can actively learn by “experimenting through investment”.
Investment (i = I;/K; > 0) creates an informative signal flow:

1/2.1/2
dS, = 1,50 (TSQ’me) e~ A(01), iid.

1/2
e
o Based on passive (A¢)+>0 and active signals (S¢)¢>0 the firm obtains
an estimate ﬁt = E¢[M] of quality, with error variance, Q; = V{[M]
e The t—stat ratio, Z = ﬂ/le, is a sufficient statistic for the firm's
stock of knowledge about its current technology:

dZ; =7a/2Zudt + 75 2dBi+ Z, ((1 +rgi) /2 — 1) + (rsie) Y26

passive learning experimenting
- th 1 t=1
~——

knowledge reset
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A Neoclassical Model of Investment

Firm operates in an industry with a continuum of identical firms
producing the same good. Mass of firms at instant t is N;.
Assuming isoelastic demand with price elasticity 7, firm's revenues are:

M(Ae, Ke, Ne) = Ye(Np Ye) ™" = ALK g
Adjustment costs (i) for purchasing and installing new capital are:
Y(i) = (k+7/2i%) - TI(A¢, K¢, Ne),  i>0

Exploration is also costly; upon exploring a new technology, a fraction
w of the firm's capital K becomes obsolete:

th = ith_ltzg — (Stht —WKt_lt:T

To introduce competitive pressures we assume that new firms enter
the industry as knowledge about the current technology improves:

dN; /Ny = ¢pZ2dt
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e Firm is risk-neutral and discounts its cash flow at rate r; its value is:
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Firm Value

We compute the intensive firm value piecewise when idle:
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Firm Value

We compute the intensive firm value piecewise when exploring:

v(Z) = v(0)(1 - w) =) = g(0)

Exploration
Experimentation

()@ -w)

| | |
a b 0 5 a
Stock of Knowledge Z



Firm Value

Firm value solves a Bellman equation when experimenting:
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Firm value solves a Bellman equation when experimenting:
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FOC for the optimal knowledge-contingent investment plan is:
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Corporate Investment and the Knowledge Channel
FOC for the optimal knowledge-contingent investment plan is:
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Corporate Investment and the Knowledge Channel
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Q-Investment Relation and Knowledge Cycles

Typical investment-average Q(Z) = V(K, Z,-)/N(K,-) regression:
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Q-Investment Relation and Knowledge Cycles

Typical investment-average Q(Z) = V(K, Z,-)/N(K,-) regression:
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Q-Investment Relation and Knowledge Cycles

Typical investment-average Q(Z) = V(K,Z,-)/N(K,-) regression:

i(Z:) = ak+ Bk Q(Z:) + €4,
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|deas for testing the model

e Measuring knowledge cycles from patents’ text

e Appearance and disappearance of technological words
e Similar to Bowen et al. (2019)
e Exploit variation in investment (and Q) across industries

e Measuring knowledge cycles from product descriptions

e Similar to Hoberg and Maksimovic (2019)
e Exploit variation in investment (and Q) across firms

e Empirical relevance and economic quantification (structural?)
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