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Theory holds that if firms have been investing optimally, then increases in R&D should 
decrease market value.  However, a substantial empirical record demonstrates the 
opposite:  increases in R&D increase firms’ market value.  To resolve this puzzle we 
develop and validate an analytical model linking R&D to market value, and provide 
empirical evidence that R&D does indeed drive market value in the manner explicated by 
the theory. We further find that the stylized fact of market value increasing in R&D stems 
from substantial (68% of firms) underinvestment in R&D.  For that subset of firms, 
increasing R&D brings them closer to optimal and accordingly increases their market 
value.  However, for firms whose investment exceeds the optimum, increases in R&D 
decrease market value, as theory expects. The suboptimal investment appears due to the 
fact firms use industry rules of thumb rather than optimization to establish their R&D 
investment.  They likely resort to these rules of thumb because they lack precise 
knowledge of their R&D productivity.  Such lack of knowledge is not surprising given 
that neither of the leading academic measures of firms R&D productivity (patents or 
TFP) is consistent with all the model’s propositions.  !
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I.! Introduction 

!
Theories of innovation typically assume that a) firms in an industry share a 

common R&D production function, and b) market structure and firm R&D behavior are 

endogenously determined by three exogenous conditions: demand, technological 

opportunity and appropriability (See for example Levin Reiss 1988).  If all firms in an 

industry share these conditions, then whether we employ game theoretic logic (where 

each firm chooses its R&D investment assuming optimal investment by rivals), or 

decision theoretic logic (where the firm chooses a research stream to maximize its 

market value in isolation), investing beyond optimal levels should be penalized.  In 

other words, if firms have been investing optimally, then increases in R&D should 

decrease market value. 

This is not borne out by empirical studies. In fact the empirical record 

consistently demonstrates the opposite—increases in R&D increase firms’ market 

value.  This was true for Grabowski and Mueller (1978) who tested the impact of R&D 

on profits in an effort to examine the potential role of R&D as an industry entry barrier, 

for Connolly and Hirschey (1984) who tested the simultaneous effects of profits, R&D, 

and market concentration, for Pakes (1985) who examined the impact of R&D on 

inventive output, for Jaffe (1988) who examined the impact of technological 

opportunity and spillovers on R&D productivity, for Cockburn and Griliches (1988) 

who examined the impact of patent protection on firm performance, for Chan, 

Lakonishok and Sougiannis (2001) who examined whether the stock market fully 

values intangible assets, for Hall, Jaffe and Trajtenberg (2005) who examined whether 

patent citations improved estimates for the market value of R&D,  and for Nicholas 

(2008) who examined the stock market’s changing valuation of corporate patentable 

assets. 

We propose the disconnect between theoretical expectation and the empirical 

record stems from the presumption of homogeneous firms. If firms believe they are 

homogeneous, then following industry rules of thumb for setting R&D investment makes 

sense.  If however they are heterogeneous, then such rules of thumb will generate 
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suboptimal investment.  Firms with above average R&D productivity will systematically 

underinvest, while those with below average productivity with systematically overinvest.  

Further, since deviations from the optimum should decrease market value, we would only 

observe the stylized fact of market value increasing in R&D if on average firms are 

underinvesting—that in addition to using industry rules of thumb, the rules of thumb are 

pegged to the wrong set of firms. 

We attempt to resolve the empirical puzzle, by examining whether this is 

happening in practice:  Are firms heterogeneous? do they seem to be following rules of 

thumb? do those rules of thumb lead to suboptimal investment? and does the suboptimal 

investment reduce market value?   We begin by constructing an analytical model that 

links a firm’s R&D spending to market value through its R&D productivity.  This model 

yields three testable propositions: that R&D spending, market value and firm growth all 

increase in firms’ R&D productivity.  Not coincidentally, these propositions match those 

from macroeconomic models of endogeneous growth, e.g., Thompson (1996) and Lentz 

and Mortensen (2008).  We then test the propositions using Compustat data for the set of 

publicly traded firms conducting R&D from 1965-2011 using three alternative proxies 

for R&D productivity: patent intensity, total factor productivity (TFP) and the firm’s 

research quotient (RQ). This allows us to both validate the model and determine which 

proxies best match the theoretical construct of R&D productivity. Finally, we use the 

validated model and the valid proxies to to pinpoint the theoretical expectations and to 

test the proposed resolution to the empirical puzzle of increased market value from R&D.   

 We find first that firms exhibit heterogeneity at a fundamental level.  All three 

proxies for R&D productivity exhibit substantial variance across firms.  Indeed the 

variance is greater within than across industries.  We find second that all three 

propositions from the analytical model are supported when using one of the proxies, 

RQ.  However, we also find that neither of the other proxies (patent intensity nor TFP) 

is consistent with all three propositions.  Thus we proceed investigating the empirical 

puzzle with the RQ measure.   

The first test of the puzzle replicates the stylized fact.  In particular we find that 

market value increases in R&D across the full set of firms.  Next we introduce 
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heterogeneity in R&D productivity, and find this no longer holds. By partitioning firms 

into overspenders (R&D exceeds computed optimum) and underspenders (R&D below 

computed optimum), we find that market value increases in R&D only for the 

underspenders.  Market value decreases in R&D for the overspenders, Thus we find the 

model’s expectation of decreased market value from suboptimal investment is upheld. 

Moreover, we find that the vast majority (68%) of the firm-year observations are for 

underspenders—thus explaining why market value increases in R&D in the aggregate.  

Finally, we find that an industry rule of thumb (percentage of sales) explains almost all 

the variance in R&D, while value maximization explains none.  Thus explaining why 

we see suboptimal behavior.   

The paper proceeds as follows: Section II presents the analytical model of firms’ 

market value from R&D and derives testable propositions.  Section III presents our 

empirical approach to validating the analytical model and resolving the empirical 

puzzle.  Section IV describes the three empirical proxies for R&D productivity.  

Section V describes the data.  Section VI explains estimation/construction of the three 

proxies. Section VII presents results for all tests; and Section VIII offers a summary 

and implications.  

 

II.! Model 

To establish theoretical expectations for the link between R&D and market value, 

we generate an analytical model.  The model pertains to a multi-product firm whose 

products are imperfect substitutes for other products in the market.  Thus the firm is able 

to price above marginal cost.  Its revenues are driven substantially by its technology stock 

(which can be interpreted loosely as the number of innovations and/or their superiority).   

Firms in the model are risk-neutral agents who maximize market value by choice 

of R&D in the production of output, Q, with two inputs, a generic input, X (intended to 

capture capital, labor, materials) and accumulated technology, T:   

(1)     !"# = %&"# '+ ')*"#+    

where  a >1, b >1, 0 <θ <1. 
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Technology accumulates over time from investment in R&D, R, based on a firm-

specific productivity parameter,γi  (0 <γi <1). 

(2)     &"# = &"#,- '+'."#
/0 

Firm i’s initial technology stock is Ti0.  Thus, the stock at any point is given by: 

(3)     &"# = &"1 '+' ."2
/0#

23- '''   

The price per unit of the generic input, X, is w; the price of incremental R&D is 1 

(thus R captures actual R&D expenditures).  Accordingly firm profits, πit, are: 

(4)    4"# = %&"# '+ ')*"#+ − 6*"# − ."# 

(5)   4"# = % &"1 '+' ."2
/0#

23- ''' + ')*"#+ − 6*"# − ."#  

Firm value, Vit, is the net present value of profits.  Given a discount factor 

δ (=1/(1+r)), Vit, is given by: 

(6)   7"# = 82,# % ."9
/"2

93- + ')*"#+ − 6*"# − ."#:
23#  

Note that ;7"#/;."# and ;7"#/;*"# are both independent of T, so the optimal values 

of R and X are independent of T as well.  Similarly, since the only thing varying with time 

is T, the optimal values of R and X, R* and X* are time invariant: ."#∗ = ."∗ and *"#∗ = *"∗.
1  

Substituting into equation 6, then summing the geometric series, yields: 

(7)   7"# =
-

-,>
%&1 − ."∗ + )*"∗+ − 6*"∗ + -

-,>

?
%."

∗/"  

 Because @A
@/0

> 0, firm value, Vi, is increasing in firm-specific R&D productivity.  

This then is the first testable proposition from the model: Firm value increases in R&D 

productivity.  Note that V is also increasing in R*.  Given that, market value should 

decrease in the amount of suboptimal investment (distance between R and R*).   

The firm objective is to maximize V by choice of inputs.  Accordingly, to find the 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 Note also that a>1 implies that ∂Vit/∂Tit >0 at all levels of T.  What keeps R* finite is that γi<1, so there is 
time compression diseconomy in R&D investment.   
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optimal values of R and X we take the partials of V with respect to each input and set 

them equal to zero: 

(8)     *"∗ = )D/6
E

EFG      

(9)     ."∗ = %H"/ 1 − 8
E

EFJ0     

 Looking first at the generic input, Xi* declines with price, w, and rises with both b 

and θ,  as we would expect.  Xi* is not linked to any inter-temporal variable, thus it is 

independent of the discount factor, δ.  Further, it is not linked to T and accordingly is also 

independent of Ri and γi.   

 Looking next at the R&D input, Ri* is decreasing in the discount factor, which 

makes sense, since future revenues arising from R&D have lower value.  Further, by the 

envelope theorem, @K
∗

@/0
> 0, thus Ri* is increasing in firm-specific R&D productivity, γi, 

as we would also expect.  This then is the second proposition from the model: R&D is 

increasing in R&D productivity. 

 Finally, we examine the impact of R&D on firm growth, gi. Ti grows 

arithmetically by a fixed amount each period: 

(10)    L = &"#,-' − &"# = ."
∗/0     

 Thus, firm revenues, Qit, as well as firm profits, πit, grow by adding %."
∗/0 to Qit-1 

and πit-1, respectively, each period. This then is the third proposition from the model: 

growth is increasing in R&D productivity. 

Accordingly under this model, market value Vi, optimal R&D investment, Ri*, 

and firm growth, gi, all increase in firm R&D productivity, γi.  Not coincidentally, these 

three propositions match ones emanating from macro-economic models of endogenous 

growth, e.g., Thompson 1996, Lentz & Mortensen 2008. 

 

III.! Empirical Approach 

Our principal goal is to resolve the empirical puzzle of market value increasing in 
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R&D.  The role of the model was to 1) generate an empirical foundation for the 

relationship between market value and R&D, and 2) to articulate the functional forms for 

that relationship.  Thus prior to examining the puzzle we first validate the model from 

which the theoretical expectations are derived, and determine which if any of the proxies 

for R&D productivity are consistent with the model.   

Model validation consists of testing its three propositions.  Because the model was 

stylized, it used only two inputs (a generic input and the technology stock).  In real world 

data there is no generic input, and the technology stock is not observed.  Accordingly, 

empirics require us to expand the production function to include all observable inputs 

(Equation 11), where R is R&D, K is capital, L is labor, S is spillovers, and D is 

advertising.    

(11)    Y = AKα Lβ Rγ SδDφ e 

We test reduced form equations of all three propositions using fixed effects 

models of this broader production function with robust standard errors clustered by firm. 

 

Proposition 1: R&D investment increases in R&D productivity.  The first proposition 

from the analytical model is that firm R&D investment increases in R&D productivity, γi.  

Equation 9 defines optimal R&D investment as a function of R&D productivity, γi, and 

the discount rate, δ, but it is independent of other inputs, because they were additively 

separable.  If this is not the case, then R&D investment will depend on the levels of these 

other inputs.  Accordingly, we expand equation 9 to include all observable inputs, but test 

it in reduced form.  Note that γi enters equation 9 twice, but Ri is increasing in both terms, 

so it only enters once in the empirical model (equation 12).  We capture the discount rate 

via year dummies2. 

(12)  ln Rt  = β0 + β1ln Kit  + β2 ln Lit  + β3 ln Sit- + β4ln Dit  + β5γit  + δ t + ε it    

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2!While!year!dummies!will!control!for!differences!in!discount!rate,!they!are!not!a!great!means!to!test!the!
role!of!discount!rates!because!they!also!capture!global!changes!in!other!economic!factors.!!Nevertheless,!
when!we!estimate!equation!11,!we!examine!the!coefficients!on!year!dummies!to!see!if!they!correspond!
roughly!to!discount!rates.!!In!a!regression!of!those!year!dummy!coefficients!on!interest!rates!and!a!time!
trend,!the!coefficient!on!interest!rates!is!positive!and!significant!at!the!3%!level.!
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Proposition 2: Market value increases in R&D productivity.  The second proposition 

from the analytical model is that market value increases with R&D productivity. Equation 

7 defines market value as a function of Rγ, the discount rate, δ, and three other terms we 

don’t observe, a, T, w.  As with the first proposition, we expand equation 7 to include all 

observable inputs, but test in reduced form, and capture the discount rate via year 

dummies.   

 (13)  ln Vt  = β0 + β1ln Kit  + β2 ln Lit  + β3 ln Sit- + β4ln Dit  + β5(γln R)it  + δ t + ε it   

!

Proposition 3: Revenue growth increases in R&D productivity.  The final proposition 

from the analytical model is that firm growth increases in R&D productivity. Accordingly 

we test equation 10, which defines steady state growth as a function of Rγ:  

(14)    lnYt+x = β0 + β1 lnYt + β2 (γln R) 

We examine growth over all intervals of x from 1 to 7 years.  

 

Puzzle Resolution.  Assuming the model is validated by demonstrating all three 

propositions are upheld for at least one proxy for R&D productivity, we then turn to 

resolution of the empirical puzzle.  To resolve the puzzle, we first replicate the stylized 

fact of market value increasing in R&D, by testing a revised version of equation 13, that 

deletes γ from the R&D component: 

(15)  ln Vt  = β0 + β1ln Kit  + β2 ln Lit  + β3 ln Sit- + β4ln Dit  + β5ln Rit  + δ t + ε it   

Next, we compute the optimal R&D, R*, for each firm according to equation 16, 

which translates equation 9 into our observables. 

(16)    ."∗ = %H"MN-ON?PNQRNSTN1
E

EFJ0 

 

We then partition the sample into overspenders (observations where R exceeds 

R*), and underspenders (observations where R is below R*), and retest equation 15 for 

both subsamples.  We expect to find that the coefficient on R&D is positive and 

significant in the aggregate sample (replicating the stylized fact), but that the coefficient 
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is negative and significant in the overspender subsample.  This would indicate that the 

theory is correct, and also that the stylized fact stems from systematic underinvestment in 

R&D.   

Systematic sub-optimal investment would occur if firms assume they are 

homogeneous (thus justifying use of industry rules of thumb), when in fact they differ in 

R&D productivity.  We test both for heterogeneity in R&D productivity, and for evidence 

that firm R&D investment follows industry rules of thumb rather than value-maximizing 

behavior.  We then characterize the extent of suboptimal investment.  

IV.! Firm-level measures of R&D productivity 

The propositions emanating from the model are driven principally by firms’ R&D 

productivity, γi.  Accordingly, an important consideration for empirical test is the choice 

of proxies for this construct.  We identify four from the existing literature, and employ 

the three most compelling measures in the validating the analytical model.  Thus in 

essence we test the quality of the measures as a byproduct of validating the model.  For 

the model to be valid all propositions should hold for at least one proxy.  Conditional on 

the model being valid, a proxy is valid if all three propositions are upheld with that 

proxy. 

The most common proxies for R&D have been R&D turnover and patents.  Two 

additional less frequently used measures are total factor productivity (TFP) and the 

firm’s research quotient (RQ).  We discuss each of these measures in turn. 

R&D turnover. R&D turnover (Revenues/R&D) is one of the most common 

practitioner measures of R&D.  This is a coarse measure of the revenue generating 

potential of R&D, because it doesn’t take into account contributions from other 

inputs.  R&D turnover is problematic as a measure because firms often use its inverse 

(R&D/sales), commonly referred to as R&D intensity, as a means to set their R&D 

budget.  Thus the measure may reflect reverse causality.  Accordingly, we don’t 

employ R&D turnover in our empirical tests. 

Patent Intensity.  Patent counts, the number of patents granted to a firm in a 

given year, and its various refinements (patent stock—the cumulative number of patents 

over a period, and patent citations--the number of citations to patents from a given year) 
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is probably the most common measure of R&D output in the management and 

economics literatures.  It becomes a measure of R&D productivity when expressed as 

patent intensity (patents/R&D expenditures).   

Total Factor Productivity (TFP). TFP is an effort to capture the source of 

technological change in the firm’s production function.  It is modeled as a firm-specific 

shifter in the production function and empirically captured as a fixed effect (panel data) 

or residual (cross-sectional data) (Hulten 2000, Syverson 2011). Accordingly, it is the 

remainder in the firm’s production function after taking into account the contributions 

from measurable inputs.  In that sense it mimics the Solow residual (technological 

progress) in growth accounting.  TFP is principally used in trade theory studies to 

examine the role of firm heterogeneity in economic growth.  In these models and 

associated empirics, firms with higher TFP are more likely to export and grow (see 

Redding (2010) for a summary).  One problem with TFP as a proxy for R&D 

productivity is that it captures the contributions of all omitted inputs.  Accordingly, it 

doesn’t isolate the contributions of R&D. 

 

Research Quotient (RQ).  Like TFP, RQ attempts to capture the source of 

technological change in the firm’s production function, but it differs in the source of 

technological change.  Whereas TFP is modeled as a shifter in the firm’s production 

function, RQ is modelled as the firm-specific output elasticity of R&D (γ in Equation 11).  

Accordingly, it matches the most common approach to measuring returns to R&D at the 

industry level (Hall, Mohnen, Mairesse 2010). Thus while TFP maps onto a Solow model 

of technological change, RQ maps onto models of endogenous technological change 

(Romer 1990, Thompson 1996, Lentz and Mortensen 2008), which treat R&D as 

investments made by value-maximizing agents.  

V.! Data 

We estimate firm RQ and TFP, validate the analytical model and test the proposed 

puzzle resolution using a forty-seven year panel of all publicly traded US firms engaged in 

R&D (approximately 39% of all firm-year observations). Data for the study comes from 

the Compustat industrial annual file for all active and inactive firms over the period 1965-
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2011. Firm level data items include (in $MM unless otherwise stated): market value 

(MVit)3,revenues (Yit), capital as net property, plant and equipment (Kit), labor as full-

time equivalent employees (1000)(Lit), advertising (Dit), and R&D (Rit). From these 

primary data, we derive a secondary measure: firm specific spillovers (Sit) which is 

computed as the sum of the differences in knowledge between focal firm i and rival firm j 

for all firms in the respective industry with more knowledge than the focal firm: 4    

(17)    Sit  =  Σ    j           Rjt  − Rjt ∀R   ≥ Rit       

Within the 47-year period, we restricted the sample to firms with at least seven 

years of complete data.  This reduces the sample of R&D firms an additional 24%.  

Because we expect R&D productivity to change over time, and because we need to 

evaluate the impact of R&D productivity on growth, we constructed 10-year moving 

estimates of RQ, TFP and patent intensity. Thus our first estimate for each measure, 

which we refer to as 1975, consumes 11 years of data (10 years of current inputs plus 1 

year to accommodate the lag in R&D) and represents the mean RQ, TFP, or patent 

intensity for the period 1966-1975.  Our resulting panel of RQ, TFP, patent intensity and 

other parameters is therefore 36 years.  The final dataset with firm RQ, TFP and patent 

intensity comprises an unbalanced panel of 32567 firm-year observations (Table 1a).  

This dataset treats absence of patents in a given firm-year as the firm having no 

patents.  For robustness we also construct a dataset that deletes observations with 

missing patents.  This yields an unbalanced panel of 15824 firms (Table 1b).   We test 

all propositions with each dataset. 

[Insert Table 1 Here] 

Note that TFP can be formed for firms not conducting R&D.  However because 

we are fundamentally interested in the relationship between R&D and market value, 

we restrict attention to the set of firms who do conduct R&D. 

To construct patent intensity we follow Bessen (2008) in merging  Compustat 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3!Market value is calculated as (stock price*common shares outstanding) + book value of preferred stocks + 
short term and long-term debt.!
4 This functional form matches the probability density form in endogenous growth models (Jovanovic and 
Rob 1989, Jovanovic and MacDonald 1994, and Eeckhout and Jovanovic 2002), which captures the 
likelihood of obtaining superior knowledge in a random encounter with a rival.  Empirical tests show this 
form to best match empirical reality in US manufacturing firms (Knott, Posen and Wu 2009). We assign all 
firm R&D to the primary industry identified in Compustat.  We tested 2, 3 and 4-digit industry definitions 
for spillover pools.  The best fit was for 4-digit industry aggregation. 
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data with patent data collected by the NBER Patent Data Project (PDP) under the 

leadership of Bronwyn Hall.5 This dataset includes patent data from 1976 to 2006. First, 

since owners of the patents change over time, patents must be matched to owners 

dynamically. These dynamic matches are recorded in DYNAMIC data, and we thus 

merge DYNAMIC data with the patent counts data. We then use DYNAMIC data to 

find the appropriate gvkey (firm identifier) to assign the patents because patents change 

ownership when firms are merged or acquired. Second, we sum over multiple assignees 

to get patents for each company and merge this patent data with our Compustat firm data 

by matching the gvkey’s.   

VI.! Constructing proxies for R&D productivity 

RQ estimation 

We follow Knott (2008) in deriving RQ by estimating the firm’s final goods 

production function with a random coefficients model that allows for heterogeneity in 

the output elasticity for R&D (as well as all other inputs).  

Equation 18 models output (revenue, Y) for firm i in year t with firm-specific 

elasticities for all inputs (capital, K, labor, L,  R&D, R, spillovers, S, and advertising, D) 

as well as the intercept.  

(18)! ln Yit  = (β0 + β0i ) + (β1 + β1i ) ln Kit  + (β2 + β2i ) ln Lit  + (β3 + β3i ) ln Rit-1 

+(β4 + β4i ) ln Sit-1  + (β5 + β5i ) ln Dit  + ε it                                                                                                           !

While our primary interest is the β3i values, we present estimates for the full 

model of equation 18 in Table 2 (model 1).  This facilitates comparison to the fixed 

effects specification of the production function used to estimate firm TFP.  The model 

indicates that the elasticities for all inputs are best characterized as heterogeneous across 

firms.  In contrast, the intercept is better characterized as homogenous. 

[Insert Table 2 Here] 

 

The result of heterogeneity in RQ is captured graphically in Figure 1a.  The 

figure presents a histogram of the β3i values for all 2448 firms with sufficient 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5!http://elsa.berkeley.edu/~bhhall/patents.html!
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observations to form estimates in the year 2005 (representing the mean RQ for the 10 

year period 1996-2005)6. These values are not estimated directly by Stata xtmixed, 

but are generated from post estimation. 

[Insert Figure 1 Here] 

 

TFP estimation 

The typical approach to estimating TFP depends on whether data is cross-

sectional or longitudinal.  In cross-sectional models, TFP is the residual from estimating a 

production function that excludes intangibles.  This approach confounds the firm shock 

with the error term.  TFP is more precisely measured through fixed effects estimation (as 

in Black and Lynch 2001, Bloom, Schankerman and VanReenan 2007).  Because we 

have panel data, we estimate TFP using fixed effects regression of equation 11 but restrict 

inputs to capital and labor.  The restriction to capital and labor follows convention in TFP 

estimation, and is particularly important here because we use TFP as a proxy for R&D 

productivity and therefore need the firm-specific error term to include its effects.   

Results for TFP estimation are presented in Table 2 (model 2). Not 

surprisingly, the coefficients on capital and labor are both higher in Model 2, 

relative to Model 1 (capital is 0.193 vs. 0.141; labor is 0.825 vs 0.821) due to the 

omitted variables. 

As with RQ, our primary interest is in the firm-specific effects, β0i, 

representing firms’ TFP.  Post estimation of Model 2 using Stata’s predict command 

generates these estimates.  Figure 1b presents a histogram of the β0i values for all 

2248 firms  in 2005 with sufficient observations to form estimates (note that some of 

these firms do no R&D). Thus as was true with RQ, there is considerable 

heterogeneity in this measure of R&D productivity.  

 

Patent Intensity Construction 

Our final measure of R&D productivity is patent intensity.  We form patent 

intensity in each firm-year as the sum of 10 years of citations or counts (requiring at 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6!We chose this year because it is the last year in which we have patent data for the same set of firms 
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least 7 years of data), divided by the sum of 10 years R&D lagged one year. As with RQ 

and TFP, patent intensity in any given year is the mean over the 10-year window ending 

in that year.  

Two concerns with patents as a measure of R&D productivity are: 1) coverage—

only 50% of the firms in our sample patent their R&D, and 2) non-uniformity—10% of 

patents account for 85% of the economic value of patents (Scherer and Harhoff 2010).  

While there is little we can do to address the former problem, we address the latter 

problem by forming a second version of patent intensity that is citation weighted. To 

form patent citation intensity in each year, we take the number of citations received by 

the firm in that year adjusted for truncation. As with patent counts, we sum 10 years of 

citation data (minimum of 7) and divide it by 10 years of R&D lagged one year.   

 As with RQ and TFP, we present a histogram for firms’ patent count 

intensity (patent counts/R&D) for the year 2005 (Figure 1c).  Note that while RQ and 

TFP are normally distributed, patent count intensity is highly skewed, thus we plot 

ln(patent count intensity).  

 Finally, we compare all three proxies of R&D productivity through a series of 

pairwise plots of firms’ value for each proxy (Figure 2).  For reference, each figure shows 

the perfect correlation line.  At best the measures are only weakly correlated, suggesting 

they capture distinct constructs.  While RQ and TFP are positively correlated (0.117) 

(Figure 2a), patent count intensity is uncorrelated with RQ (Figure 2b) and negatively 

correlated with TFP (Figure 2c).  

[Insert Figure 2 Here] 

 

Notes on the measures: 

 One question regarding R&D productivity is the extent to which we can treat it 

as an exogenous variable as is assumed in our analytical model (as well as 

macroeconomic models of endogenous growth, e.g., Thompson 1996, Lentz and 

Mortensen 2008).  The principal concern is that R&D productivity may be driven by an 

omitted variable (such as generalized management quality) that is also driving the choice 

of other inputs.  While we have no formal means to rule out this possibility, we 

examined the issue informally by characterizing the relationship between RQ and the 
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management quality measure in Bloom and Van Reenan (2007) for the subset of firms 

for which that variable is available.  That analysis (available from the authors) indicates 

the correlation between management quality and RQ is 0.159 and insignificant.  Thus to 

the extent that the management quality measure is a valid proxy for generalized 

management quality, there is little support that generalized management quality drives 

R&D productivity. 

A related question supported by the management quality data is whether the 

assumption of normality (imposed by TFP and RQ estimation) is valid.  Since the 

management quality measure7 (like other ability measures such as human IQ) is 

normally distributed, this seems to be a reasonable assumption. 

 

VII.! Results 

The prior section presented results for the first step in examining the empirical 

puzzle—establishing there is heterogeneity in firms’ R&D productivity.  This was true 

across all proxies.  The second step in our empirics validates the analytical model linking 

R&D to market value.  We accomplish this by testing each of the model’s propositions 

using all three proxies for R&D productivity—thus in essence we validate the measures 

as we validate the model. 
 

Proposition 1: R&D investment increases in R&D productivity.  The first proposition 

pertains to the impact of R&D productivity on R&D investment. If the model is correct, 

R&D investment should increase in R&D productivity.  Table 3 presents results from 

fixed effects estimation of equation 12.  Model 1 combines all proxies for R&D 

productivity, model 2 uses RQ exclusively, model 3 uses TFP exclusively, while models 

4 and 5 use patent count intensity, and patent citation intensity, respectively.  Models 6 

through 10 repeat the tests for the data set which excludes observations with zero patents.   

The table indicates that results for RQ and TFP are consistent with the analytical 

model across all specifications. The coefficient on RQ ranges from 0.81 to 0.91 across 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
7!worldmanagementsurvey.org!
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the models, while that for TFP ranges between 0.18 and 0.34 across the models.  These 

coefficients are significant at the 0.001 level after controlling for the effects of other 

inputs. The coefficient of 0.872 for R&D in model 2 implies that a one standard deviation 

increase in RQ corresponds to a 10.7% increase in R&D spending.8  For TFP (model 3) 

the corresponding one standard deviation increase implies a 9.6% increase in R&D. 

 In contrast, the coefficients for patent count intensity and patent citation intensity 

are negative and significant across all models.   The negative coefficient is likely an 

artifact of the measures’ construction, since R&D is in the denominator.  We include the 

patent specifications for proposition 1 merely for completeness, but don’t interpret them. 

[Insert Table 3 Here] 

 

Proposition 2: Market value increases in R&D productivity.  The second proposition 

from the model pertains to the impact of R&D productivity on firm value. If the model is 

correct, firm market value should increase in R&D productivity.  Table 4 presents results 

from test of equation 13.  Model 1 combines all proxies for R&D productivity, model 2 

uses RQ exclusively, model 3 uses TFP exclusively, while models 4 and 5 use patent 

count intensity, and patent citation intensity, respectively.  Models 6 through 10 repeat 

the tests for the data set which excludes observations with zero patents.  

The table indicates that results for RQ are consistent with the analytical model 

across all specifications. The coefficient on γln(R&D) of 0.234 is significant at the 0.001 

in isolation in the main dataset.  The implied economic impact of a 10% increase in 

γln(RD) is a 2.3% increase in market value.  The coefficient has even higher magnitude in 

the robustness dataset that excludes observations without patents—suggesting the value 

of R&D is higher among the set of firms who patent.  While the coefficient on TFP is also 

positive and significant at the 0.001 level in the main dataset, it loses significance in the 

robustness dataset.  The implied economic impact of a 10% increase in TFP in the main 

dataset is to increase market value 2.9%.   

In contrast, the coefficient on patent count intensity is negative in all 

specifications (though not quite significant at the 10% level).  The coefficient on patent 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
8!This likely understates the relationship between RQ and R&D expenditures we would observe if firms 
knew their RQ. 
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citation intensity is insignificant across all specifications. 

 

[Insert Table 4 Here] 

 

Proposition 3: Firm growth increases in R&D productivity.  The final proposition from 

the model pertains to firm growth. If the model is correct, firm growth should increase 

with R&D productivity.  Table 5 presents results from test of equation 14.  Model 1 

presents fixed effects specifications for five-year revenue growth using RQ.  The 

coefficient on γln(R&D) is positive and significant. The economic impact of a 10% 

increase in γln(R&D) is to increase five-year growth 0.65%. 

[Insert Table 5 Here] 

The analytical model indicates firms reach an equilibrium of steady-state growth 

whose rate is determined by their R&D productivity. To see if firms actually achieve that, 

we tested one to seven year periods of growth (in addition to the main test of five-year 

growth). Figure 3 presents the growth coefficients by number of forward years.  The 

figure indicates firms reach steady state growth around year 5.  Thus observed growth 

appears consistent with the steady-state assumption. 

[Insert Figure 3 Here] 

As with the prior propositions, we also test equation 14 using TFP (Model 2) and 

patent intensity (Models 3-6) as proxies for R&D productivity. Model 2 indicates TFP 

actually has a negative and significant impact on revenue growth.  The coefficient of        

-0.149 implies a 10% increase in TFP corresponds to a 1.5% reduction in growth. Finally, 

models 3-6 indicates that patent intensity has no significant impact on growth with either 

measure or in either dataset.     

Discussion of proxies.  Given that all three propositions are upheld with at least one 

proxy for R&D productivity, the analytical model appears valid.  In addition, because we 

tested three proxies, we can use tests of the “validated model” to evaluate the measures as 

proxies for R&D.  Since tests using RQ fully support the model, that measure appears to 

be valid, conditional on the model itself being valid.  Each of the other two measures fail 

to hold for at least one of the propositions.  TFP upholds all but the growth proposition; 
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while patent intensity fails to uphold all three propositions.  Thus on the face, RQ appears 

to be a good proxy for R&D productivity, while the other measures do not.    

A reasonable question then is why TFP and patent intensity aren’t better capturing 

R&D productivity.  Taking TFP first, and recognizing that it satisfies the R&D 

investment and firm value propositions, but not the growth proposition, one interpretation 

of TFP is that it captures a temporary productivity shock that reverts to the mean over 

time.  The shock boosts revenues, and because firms use R&D intensity (% of sales) rules 

of thumb to establish R&D budgets, it also boosts R&D investment.  If firms hold inputs 

in the same proportion to revenues, then the boost in revenues also increases profits, and 

accordingly market value (the net present value of expected profits).  However because 

TFP is a temporary shock, it does not increase growth. 

The bigger surprise is that patent intensity fails all tests.  This is true whether we 

use patent counts or citation weighted counts in the numerator.  The insignificance of 

patent intensity in explaining R&D investment can be fairly easily dismissed as an 

artifact of the measures’ construction (the left-hand side variable is in the denominator of 

the measure), thus we pay greater attention to the results for the market value and growth 

propositions.  There are a number of reasons patent intensity may be uncorrelated with 

R&D productivity.  The most notable is that choice to patent innovations is made 

strategically.  Because patents are costly both financially (the cost to file and defend) as 

well as competitively (they require disclosure of the fundamental knowledge 

underpinning the innovation), firms file patents only under certain circumstances (Cohen, 

Nelson and Walsh 2000).  As evidence of this, only half the firms in our sample 

conducting R&D have any patents.  Thus patents are not a universal measure of R&D 

productivity.   

However, even within the set of firms and industries that patent, there is some 

evidence that firms don’t patent their most valuable innovations.   Patents don’t have 

uniform value.  As mentioned previously, Scherer and Harhoff (2000) report that 10% of 

U.S. patents account for 81%-85% of the economic value of all U.S. patents. The use of 

patent citations is an effort to compensate for that (Hall, Jaffe and Trajtenberg, 2001).  

However, a recent study shows that the relationship between citations and patent value is 



Page 19 !

non-monotonic  Abrams, Akcigit and Popadak (2013).  Their results are supported by 

interviews with firms’ R&D managers.  These managers regularly report they don’t 

patent their most valuable innovations because patents reveal key knowledge and limit 

the period over which firms can appropriate the returns from that knowledge.  Thus while 

non-universality explains why patent count intensity might be insignificant in the tests of 

the propositions, the inverse relationship between innovation value and patenting would 

further explain why patent citation intensity is also insignificant. 

Puzzle Resolution.  The now validated model indicates that if firms are investing 

optimally in R&D, then increases in R&D should decrease market value.  However the 

empirical record indicates that market value increases in R&D.  We proposed the 

disconnect between expectations and empirical reality stems from firms’ failure to 

recognize they differ in their R&D productivity.  Given that, following industry rules of 

thumb is a reasonable investment strategy.  However, because we also know firms are in 

fact heterogeneous, these rules of thumb should generate suboptimal investment.  In 

particular firms with high R&D productivity will systematically underinvest, while those 

with low R&D productivity will systematically overinvest.  Further, if on average firms 

underinvest, then increases in R&D will increase market value (the stylized fact), but for 

the subset of firms who overinvest, increases in R&D will decrease market value 

(consistent with theoretical expectation).  Our final test examines if this explanation 

appears valid. 

Before we can test the explanation however, we first need to compute optimal R&D 

for all firm-year observations (equation 16), then compare firm investment to optimal 

levels.  Figure 4 provides that comparison for a single year (2005).  The figure indicates 

that only 3.5% of firm R&D investment is within +10% of optimum.    

[Insert Figure 4 Here] 

Our explanation for the suboptimal investment is that firms don’t know their R&D 

productivity with much precision.  This is not surprising in light of our results that neither 

of the academic proxies for R&D productivity (patents nor TFP) is correlated with RQ.  

Firms use even coarser measures, e.g., R&D turnover.  In the absence of such precision, it 

would not be surprising for firms to rely on industry rules of thumb to set their R&D 
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budgets.  However, rather than relying on that presumption, we test it directly.  To do so 

we construct a measure rule of thumb for each firm-year.  Rule of thumb equals mean 

industry R&D intensity in each year (excluding out-of-equilibrium firms with R&D 

intensity greater than one) times firm revenues. 

We test whether firm behavior corresponds more closely to rules of thumb or value 

maximization through fixed effects regression of firm R&D on rule of thumb and R* 

(optimal R&D).  Results in Table 6 indicate that the industry rule of thumb explains 78% 

of the variance in R&D investment.  In contrast, optimal R&D has no explanatory power.  

Thus it appears rules of thumb better capture firms’ decision logic than does value 

maximization.   

[Insert Table 6 Here] 

 

Having defined firm optimal investment, and shown firms deviate from it due to 

investment logic that relies on industry rules of thumb, we can now test the final piece of 

the puzzle resolution.  Results for that test are presented in Table 7.  Model 1 replicates 

the stylized fact.  In particular, we find that across the full set of firms, market value 

increases in R&D.  Next we partition firms into overspenders (for whom R&D exceeds 

computed optimum) and underspenders (for whom R&D is below computed optimum).  

We then separately estimate the market value impact of R&D (equation 16) for each 

subsample.  We find that market value increases in R&D only for the underspenders 

(Model 2).  Market value decreases in R&D for the overspenders (Model 3), as we would 

expect. The coefficients on ln(R&D) are significant in both models and are of equal and 

opposite magnitude, suggesting the extent of deviation from optimum is roughly 

equivalent across the two subsets.  Thus the theoretical expectation is upheld—deviations 

from optimal investment decrease market value.  Accordingly, the empirical puzzle stems 

from the fact that the vast majority of firms (68%) are underspending.  For that subset of 

firms, increasing R&D moves them closer to optimum and thus increases market value.   

 

[Insert Table 7 Here] 

 



Page 21 !

VIII.! Summary/Implications 

Our study was an effort to resolve the disconnect between theoretical expectation 

and stylized fact with respect to the impact of R&D on firms’ market value.  In particular, 

theory holds that if firms have been investing optimally, increases in R&D should 

decrease market value.  However a substantial empirical record demonstrates the 

opposite:  increases in R&D increase firms’ market value.   

We proposed the disconnect between theoretical expectation and the empirical 

record stemmed from a presumption of homogeneous firms.  This presumption would 

rationally allow firms to follow industry rules of thumb (percentage of sales) for setting 

R&D investment.  If however, firms differ in the productivity of their R&D, these rules of 

thumb will generate suboptimal investment:  firms with below average R&D productivity 

will systematically overinvest, while firms with high R&D productivity will 

systematically underinvest.  If in aggregate firms tend to underinvest, then increases in 

R&D would bring them closer to the optimum and would therefore increase market value 

(matching the stylized fact).  However for firms who overinvest, increasing R&D should 

decrease market value. 

To test that conjecture we first developed an analytical model explicating the 

relationship between firm R&D and market value.  We then proceeded to validate that 

model using three alternative proxies for R&D productivity: patent intensity, TFP and 

RQ.  The validation tested reduced form equations of the three main propositions from 

the analytical model: that R&D investment, market value and firm growth each increase 

with a firm’s R&D productivity.     

We found first, there was considerable heterogeneity across firms on all three 

measures of R&D productivity.  This reinforced the need to accommodate heterogeneity 

in modeling the market value of R&D.  Second, we found all three propositions from the 

analytical model were upheld in tests using RQ. Firms with higher RQ invest more in 

R&D, grow faster, and have higher market value than firms with lower RQ.  This offered 

preliminary validation of the model.   

However we also found no other proxy was consistent with all three propositions.  

TFP was consistent with the investment and market value propositions, but its coefficient 

was negative in the growth equation. The coefficient on patent intensity was negative and 
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significant in testing the investment and market value propositions (though only 

significant in the investment equation), and was insignificant in testing the growth 

proposition.  Accordingly, we recommend caution using TFP and patents as proxies for 

R&D productivity. 
Finally, we offered a direct test of the proposed resolution to the empirical puzzle.  

We first replicated the stylized fact that market value increases in R&D for the full 

sample of firm-year observations.  We then partitioned the sample into overspenders and 

underspenders, and found that market value decreases in R&D for overspenders (thus 

matching theoretical expectations).  We further found that the vast majority of firms 

(68%) underinvest in R&D.  Thus for that set of firms, increasing R&D will increase 

market value--thus reconciling the stylized fact with theoretical expectation. 

Beyond the theoretical implication that firms differ in their R&D productivity, and 

the reconciliation between theory and stylized fact, is the practical implication that 

suboptimal investment is a substantial problem for firms.  This suboptimal investment 

stems from the fact that firms lack precise knowledge of their R&D productivity.  This 

lack of knowledge is not a surprise given the leading academic proxies for R&D 

productivity are themselves uncorrelated with RQ and inconsistent with endogenous 

growth propositions.  Firms use much coarser measures.  Without precise knowledge of 

their R&D productivity, it is highly unlikely they can pinpoint optimal R&D investment.  

Indeed firm R&D investment conforms more closely to an industry rule of thumb than it 

does to value maximization.  A simple rule of thumb explains 78% of the variance in 

R&D investment, while optimal R&D explains 0% of the variance. 

There are of course limitations to our study.  One important limitation is that we 

only model and test the market value of R&D-based innovation.  However, we know that 

firms innovate in the absence of R&D.  For example, 7% of firms in the National Science 

Foundation (NSF) Business Research and Development and Innovation Survey (BRDIS) 

who don’t conduct R&D, report introducing product or service innovations in the past 

three years.9  Our theory has nothing to say about the relationship between innovation and 

market value for those firms.   

In sum, we provide a theoretical foundation for the link between R&D and market 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
9!http://www.nsf.gov/statistics/infbrief/nsf11300/!
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value, as well as empirical evidence that R&D does indeed drive market value in the 

manner explicated by the theory.  In so doing, we also show that a critical element in that 

relationship is R&D productivity (best captured by RQ), which varies across firms.  

Failure to account for that heterogeneity may lead to spurious empirical results for growth 

and market value from R&D. 

Finally, we resolved the empirical puzzle of increasing market value from R&D.  

The positive correlation between firms’ R&D and market value stems from the fact that 

the majority of firms (68%) underinvest in R&D.  For that subset of firms, increasing 

R&D brings them closer to optimum and accordingly increases their market value.  

However for the subset of firms who overinvest, increasing R&D decreased market value. 
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TABLE 1. Data Summary 

Observations=32567 
 

  

Main%Dataset%(patent%intensity=0%for%firm3years%without%patents)
Obs Mean Std%Dev Min Max 1 2 3 4 5 6 7 8 9

1 ln(R&D) 32567 2.325 2.404 36.908 9.408 1.000
2 ln(capital) 32567 3.879 2.907 36.908 12.332 0.774 1.000
3 ln(labor) 32567 0.515 2.320 36.908 6.776 0.757 0.938 1.000
4 ln(advertising) 32567 35.200 5.491 39.210 9.143 0.223 0.193 0.232 1.000
5 ln(spillovers) 32567 5.037 3.985 33.016 11.446 30.029 30.268 30.330 30.078 1.000
6 Gamma 32567 0.133 0.123 31.804 1.803 0.204 0.197 0.236 0.117 30.133 1.000
7 Patent%count%intensity 32567 0.402 1.122 0.000 45.104 30.080 0.016 0.035 0.019 30.102 0.032 1.000
8 Patent%cites%intensity 32567 0.969 2.780 0.000 91.386 0.015 0.012 30.005 30.006 0.013 30.025 0.531 1.000
9 TFP 32567 0.051 0.537 35.081 3.522 0.269 0.284 0.255 0.155 30.043 0.117 30.033 30.007 1.000

Robustness%Dataset%(excludes%observations%where%patents%=0)
Obs Mean Std%Dev Min Max 1 2 3 4 5 6 7 8 9

1 ln(R&D) 15824 3.280 2.121 35.809 9.408 1.000
2 ln(capital) 15824 5.067 2.456 36.908 11.788 0.773 1.000
3 ln(labor) 15824 1.485 2.041 36.908 6.776 0.731 0.931 1.000
4 ln(advertising) 15824 34.690 6.012 39.210 9.067 0.239 0.191 0.241 1.000
5 ln(spillovers) 15824 4.590 4.117 32.303 11.446 30.054 30.266 30.345 30.098 1.000
6 Gamma 15824 0.148 0.106 31.058 1.803 0.162 0.193 0.242 0.141 30.176 1.000
7 Patent%count%intensity 15824 0.828 1.496 0.000 45.104 30.389 30.239 30.201 30.020 30.092 30.022 1.000
8 Patent%cites%intensity 15824 1.994 3.723 0.000 91.386 30.215 30.237 30.264 30.054 0.078 30.121 0.460 1.000
9 TFP 15824 0.090 0.498 35.081 2.896 0.309 0.337 0.281 0.158 30.030 0.110 30.099 30.053 1.000
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TABLE 2. Production function estimates of equation 11 for RQ and TFP 

Dependent Variable: ln(Revenue) 
10 year window (1996-2005) 

 

 
  

1 2
Random 

Coefficients 
(RQ)

Fixed      
Effects      
(TFP)

ln(capital) 0.119*** 0.141***
(0.009) (0.026)

ln(labor) 0.805*** 0.821***
(0.014) (0.047)

ln(advertising) 0.017***
(0.002)

ln(R&D), t -1 0.117***
(0.008)

ln(spillovers), t -1 0.005***
(0.004)

Constant 4.417*** 4.601***
(0.045) -0.095

Observations 19692 20464
No. of firms 2448 2263
R-squared
 within 0.4375
 between 0.9356
 overall . 0.9069
log-likelihood -16832
Wald chi2 8860.3

Random Parameters Estimates (Model 1)
Estimate Std Err

sd(lppent) 0.205 0.007
sd(lemp) 0.302 0.008
sd(lxad) 0.039 0.003
sd(lxrd) 0.204 0.008
sd(lupper~m) 0.067 0.004
sd(_cons) 0.083 0.185

sd(Residual) 0.406 0.003

LR test vs. linear regression:       
chi2(6) = 14376.81   Prob > chi2 = 0.0000
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TABLE 3. Test of Behavioral Proposition 
Dependent variable: ln(R&D) 

 

 
 

  

1 2 3 4 5 6 7 8 9 10
ln(capital) 0.251*** 0.258*** 0.253*** 0.261*** 0.261*** 0.306*** 0.320*** 0.307*** 0.326*** 0.317***

(0.021) (0.022) (0.022) (0.022) (0.022) (0.030) (0.029) (0.029) (0.030) (0.029)
ln(labor) 0.399*** 0.391*** 0.401*** 0.391*** 0.392*** 0.437*** 0.420*** 0.443*** 0.411*** 0.410***

(0.032) (0.032) (0.033) (0.032) (0.032) (0.040) (0.040) (0.042) (0.041) (0.040)
ln(advertising) 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.001 0.002

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
ln(spillovers), t-1 -0.014** -0.013** -0.015*** -0.014** -0.014** -0.016*** -0.015*** -0.017*** -0.016*** -0.017***

(0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
RQ 0.906*** 0.872*** 0.882*** 0.805***

(0.101) (0.100) (0.114) (0.115)
TFP 0.213*** 0.180*** 0.335*** 0.254***

(0.046) (0.045) (0.056) (0.056)
Patent count intensity (set to 0) -0.036** -0.036*

(0.014) (0.015)
Patent cite intensity (set to 0) -0.011*

(0.004)
Patent count intensity -0.068^ -0.065^

(0.036) (0.038)
Patent cite intensity -0.035**

(0.011)
Constant -0.273*** -0.358*** -0.058 -0.132^ -0.137^ -0.315* -0.476*** -0.192 -0.293* -0.262*

(0.077) (0.079) (0.075) (0.076) (0.076) (0.129) (0.124) (0.124) (0.121) (0.118)
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm fixed-effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 32567 32567 32567 32567 32567 15824 15824 15824 15824 15824
Number of firms 3416 3416 3416 3416 3416 1679 1679 1679 1679 1679
R-squared 0.522 0.518 0.509 0.507 0.507 0.662 0.650 0.646 0.648 0.647
Robust standard errors in parantheses:  ^ p<0.10   * p<0.05   ** p<0.01   *** p<0.001

Dependent variable = ln(R&D)
Main Dataset Robustness Dataset
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TABLE 4. Test of Market Value Proposition 
Dependent variable=ln(market value) 

 

 
 
 

 
 

  

1 2 3 4 5 6 7 8 9 10
ln(capital) 0.127*** 0.143*** 0.132*** 0.150*** 0.149*** 0.125** 0.136** 0.130** 0.144** 0.145**

(0.025) (0.025) (0.025) (0.025) (0.026) (0.044) (0.044) (0.046) (0.047) (0.047)
ln(labor) 0.646*** 0.633*** 0.647*** 0.632*** 0.633*** 0.639*** 0.630*** 0.653*** 0.637*** 0.639***

(0.044) (0.044) (0.045) (0.045) (0.045) (0.070) (0.071) (0.074) (0.074) (0.075)
ln(advertising) -0.001 -0.001 -0.001 -0.001 -0.001 -0.002 -0.002 -0.003 -0.003 -0.003

(0.004) (0.004) (0.004) (0.004) (0.004) (0.005) (0.005) (0.005) (0.005) (0.005)
ln(spillovers), t-1 0.004 0.004 0.003 0.003 0.003 0.002 0.002 -0.000 0.000 0.000

(0.008) (0.008) (0.008) (0.008) (0.008) (0.009) (0.009) (0.009) (0.009) (0.009)
g*ln(R&D) 0.217*** 0.234*** 0.440*** 0.459***

(0.045) (0.046) (0.084) (0.083)
TFP 0.273*** 0.289*** 0.162 0.214^

(0.057) (0.056) (0.109) (0.111)
Patent count intensity (set to 0) -0.031 -0.031

(0.021) (0.021)
Patent cite intensity (set to 0) 0.003

(0.004)
Patent count intensity -0.061 -0.069

(0.037) (0.045)
Patent cite intensity 0.001

(0.012)
Constant 4.965*** 4.885*** 5.013*** 4.955*** 4.942*** 5.235*** 5.138*** 5.383*** 5.367*** 5.317***

(0.108) (0.109) (0.109) (0.110) (0.110) (0.184) (0.189) (0.187) (0.193) (0.194)
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm fixed-effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 15718 15718 15718 15718 15718 6674 6674 6674 6674 6674
Number of firms 2267 2267 2267 2267 2267 1108 1108 1108 1108 1108
R-squared 0.288 0.283 0.284 0.279 0.279 0.273 0.271 0.260 0.259 0.258
Robust standard errors in parantheses:  ^ p<0.10   * p<0.05   ** p<0.01   *** p<0.001

Dependent variable = ln(market value)
Main Dataset Robustness Dataset
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Table 5. Test of growth proposition 
Dependent variable: ln(Revenue)t+5 

 

 
 
 

  

Dependent'variable'='ln(revenue),'t+5

1 2 3 4 5 6
ln(revenue) 0.398*** 0.420*** 0.436*** 0.504*** 0.409*** 0.409***

(0.028) (0.027) (0.034) (0.034) (0.028) (0.028)
Gamma*ln(R&D) 0.065*

(0.028)
TFP -0.149**

(0.057)
Patent count intensity 0.006 -0.004

(0.011) (0.012)
Patent cite intensity -0.002 0.002

(0.005) (0.005)
Constant 3.446*** 3.345*** 3.873*** 3.304*** 3.420*** 3.418***

(0.132) (0.127) (0.194) (0.193) (0.131) (0.131)
Year dummies Yes Yes Yes Yes Yes Yes
Firm fixed-effects Yes Yes Yes Yes Yes Yes
Observations 18520 18504 11186 12285 18520 18520
Number of firms 1915 1913 1148 1272 1915 1915
R-squared 0.383 0.384 0.512 0.544 0.382 0.382
Robust standard errors in parantheses: 
 ^ p<0.10   * p<0.05   ** p<0.01   *** p<0.001

Main Dataset Robustness
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Table 6. Test of firm R&D investment behavior 

Dependent variable = R&D 
 

 
  

1 2 3 4
Industry rule of thumb 0.708 0.709 0.576

0.002 0.002 0.054
Optimal R&D -5.97E-28 -9.27E-29 -2.92E-30

2.39E-27 1.13E-27 2.24E-30
Constant 23.841 174.701 25.965 53.896

1.832 4.047 1.969 11.282
Firm fixed-effects No No No Yes
Observations 31768 29465 29465 29465
Number of firms 3192
R-squared 0.775 0.000 0.777 0.7765
Robust standard errors (model 4):  ^ p<0.10   * p<0.05   ** p<0.01   *** p<0.001

Dependent variable = R&D
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Table 7. Test of puzzle resolution 
Dependent variable: ln(Market Value) 

 

 
 
 

 

 
 
 

 

 
  

DV=ln(market value)

full sample R&D >R* R&D <R*
ln(capital) 0.118 0.040 0.177

0.026 0.039 0.036
ln(labor) 0.664 0.768 0.630

0.046 0.085 0.054
ln(advertising) 0.010 0.017 0.010

0.004 0.007 0.005
ln(spillovers) 0.006 -0.021 0.010

0.008 0.022 0.008
ln(R&D) 0.032 -0.109 0.098

0.023 0.045 0.027
Constant 5.224 6.416 4.692

0.116 0.298 0.141

sigma_u 1.307 1.492 1.284
sigma_e 0.662 0.656 0.637
rho 0.796 0.838 0.802

R-sq:
within 0.189 0.175 0.202
between 0.738 0.667 0.740
overall 0.747 0.707 0.769

Observations 15743 5052 10691
Firms 2270 1199 1849

Robust'Std'Errors'clustered'at'the'firm
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Figure 1. Distributions of firms’ R&D productivity 
 

1a.  Heterogeneity in RQ 
(2448 observations) 

 
 

1b.  Heterogeneity in TFP 
(2263 observations) 

 
 

1c.  Heterogeneity in ln(patent intensity) 
(1365 observations) 
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Figure 2. Comparing R&D productivity measures 
 

2a.  TFP versus RQ 
(correlation =.117) 

 
 

2b.  ln(patent intensity) versus RQ 
(correlation= 0.008) 

 
 

2c. Patents versus TFP 
(correlation=-0.168) 
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Figure 3. Implied annual growth rate at mean Rγ 
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Figure 4. Comparison of Firm R&D to Optimum (R*) (fiscal year 2005) 
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