
Motivation for research question�
!   Entrepreneurial exits typically equated with success!

!   Exit (liquidity event) as a key performance metric for venture 
capital-backed start-ups (equity investments illiquid until exit)!

!   But little understanding of consequences of exit mode 
choice on organizational innovation!

!   Changes in organizational structure, ownership, incentives!
!   Also potential public policy implications of shift toward M&A!

!   Research question: 
What is the relationship between the mode of entrepreneurial exit 
(IPO / M&A) and start-up innovation outcomes?!



Pixar anecdote�
!   Steve Jobs almost sells Pixar to MSFT in 1994 (pre-Toy Story)!

!   Nathan Myrhrvold, on behalf of MSFT:!
“I was interested in them initially because we were interested in graphics, and 
we had the idea that maybe there’s some technology that we could invest in 
early on that would be relevant to PCs later” (The Pixar Touch, 2008)!

!   Jobs has a change of heart and instead licenses patents related to 
motion blur and realistic depth of field to MSFT for $6.5M!

!   Pixar goes public in 1995, raising $140M, beating out NSCP for 
largest IPO of the year (acquired 2006 by Disney, $7.4B)!



What is the endogeneity problem?�
! Key difficulty: Investigating the innovation consequences of 

entrepreneurial exit mode raises the issue of possible self-
selection into mode based on unobserved factors!

!   “Gold standard” of random assignment into mode not possible!

!   Being in a position to consider a liquidity event (of any sort) is 
not a random occurrence!

! Goal: Disentangle the comingling of exit mode selection and 
treatment effects to estimate the causal effect of mode choice 
on innovation outcomes!



What is our empirical strategy?�
Three approaches using a panel dataset of VC-backed start-ups!
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CEM methodology�
!
! Goal: pre-process data by “pruning” observations to balance treated 

and control groups!
!   Creates similar distributions of covariates across groups!
!   Reduces statistical bias and model dependence!

!   Process for CEM!
1.  Coarsen each covariate into groups of substantively similar values (histogram)!
2.  Group into “strata,” each of which contains exactly matched observations!
3.  Retain strata that contain at least one control and at least one treatment!
4.  Discard remaining strata and perform analyses on un-coarsened data; weight 

control units to equal number of treated units in strata!

!   Benefits of CEM!
!   Works in sample, requires no assumptions about the data generation process!
!   Statistical properties dominate methods such as propensity score matching!
!   Easier to use than other matching methods and faster in computational time!



Quasi-experiment �
!   Our approach:!

!   Identify IPO and M&A events that were “withdrawn”!
!   Exit process started, but not taken to completion!
!   Try to verify that reasons for non-completion are exogenous!
!   Compare effects of “actual” treatment vs. “near” (withdrawn) control!

!   IPOs:!
!   Firm filed for an IPO, subsequently did not go public!
!   Search news articles to ensure the IPO withdrawal was due to unstable or 

volatile market conditions!

!   M&As:!
!   Deal announced, but never consummated!
!   Search news articles to ensure that withdrawals are due to shareholder 

objections or to regulatory oversight!



Instrumenting for exit mode choice�
!   Confine sample to firms experiencing either an IPO or M&A, using the IPO-

treatment CEM-balanced sample!
!   Instrument for IPO event using the relative IPO vs. M&A biotechnology 

industry liquidity!
!   Relative “heat” in one market vs. other (within biotech)!
!   Volume-based measures commonly employed in prior literature!
! Step 1: Number of quarters where four-quarter moving average of biotech IPO (or 

M&A) volume >25% last 5-year quarterly average!
! Step 2: IV is the ratio of the IPO measure to the M&A measure!
!   All else equal, higher the IV, more likely firm will IPO!

!   Instrument: positively related to IPO occurrence, unrelated to innovation!
!   Significant (1%) predictor of IPO year indicator!
!   Industry-level measure of liquidity (outcomes at firm-level)!
!   Not a measure of differences in factor inputs that would correlate with innovation!
!   Prior literature suggests that it is very difficult to predict “hot” markets; thus unlikely 

that entrepreneurs can anticipate!



Sample and dataset �
!   Universe of VC-backed biotech firms founded 1980-2000!

!   VC involvement as a quality screen, desirable homogeneity as liquidity 
needs create pressures to pursue exits!

!   Importance of patenting as a measure of innovation!
!   476 firms in human biotechnology!

!   Unbalanced firm-year panel, observed from founding to 2006!
!   Final year chosen in accordance with forward citation measure!
!   Include years following exit event (IPO, M&A, not dissolution)!

!   Also assemble an inventor-year panel to sharpen our 
understanding of the underlying theoretical mechanisms!

! Sources: USPTO, IQSS, VentureXpert, Recap RDNA, PharmaProjects, 
Inteleos, IBES Factiva, Thomson One, Zephyr, SEC!



Variable construction�
!   Dependent variables!

!   Patent applications, forward citations (4-year window) (USPTO; IQSS)!
!   Challenge of identifying patents associated with the M&A subsample !

§  Use pre-acquisition acquired firm inventors to identify post-acquisition 
patents for acquired firms!

§  Include patents applied for directly by focal firm, as well as those applied for 
by pre-M&A firm inventors patenting post-M&A in the parent firm!

!   Events and time windows!
!   Post-event (+1,+3); other windows for robustness!
!   Dummies for focal IPO sample and focal M&A sample!

!   Time-varying biotechnology characteristics!
!   Firm age; VC inflow stock; strategic alliances stock; product portfolios!



Variable construction�
!   Withdrawn IPOs and M&As (quasi-experiment)!

!   Instrument for relative IPO market heat (IV strategy)!

!   Within-mode analyses to sharpen theoretical understanding!

!   IPOs:!
§  Level of analyst coverage!

!   M&As:!
§  Public acquirer?!
§  Technology overlap: measure of dyadic patent class overlap 

between acquirer and target (Jaffe 1986) !



Summary statistics�
!   xx!



Results pre-CEM matching�
!   Simple post- vs. pre-event regressions (no matching, etc.)!
!   Key variable is focal, post-event (1,3) for IPO, M&A!
! IPO: Decline in patent applications, increase in citations!
! M&A: Increase in patent applications, decrease in citations!



Pre- and post-CEM balancing�
!   CEM procedure: match on age, VC inflow stock, strategic alliance stock, 

and weighted products!
!   Separate control and treatment samples for IPO and M&A treatments!
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Post-CEM (IPO treatment) �
!   Post-event reduction in patent applications and citations!

!   Patent applications result in line with pre-CEM analysis (decrease)!
!   Citations result reverses: 19% decrease in patent citations post-IPO (vs. 5% increase)!

!   Robust to: removing private-only firms; only firms undergoing both IPO and M&A!



Post-CEM (M&A treatment) �
!   Post-event increase in patent applications, reduction in forward citations!

!   Applications effect: 25-50% the economic size of the pre-CEM analysis!
!   Reduction in forward citations consistent with pre-CEM analysis!

!   Robust to: removing private-only firms; only firms undergoing both M&A and IPO!



Quasi-experiment (withdrawals) �
!   CEM matching as a first step (IPO and M&A treatments respectively)!
!   Results consistent with the two post-CEM analysis (IPO and M&A)!
! Note: likelihood of withdrawal is unrelated to innovation and firm covariates!



Instrumenting for IPO exit mode �
!   Sub-sample of firms that experienced either an IPO or M&A!
!   First stage regression: IPO year indicator on IPO vs. M&A biotech relative 

liquidity, along with the slate of firm controls!
!   Results consistent with CEM matching alone, CEM + quasi-experiment!



Theoretical mechanisms�
!   Prior literature!

!   Drivers of exit mode choice!
§  VC contract design, industry and market characteristics, firm and product market 

characteristics, founder preferences!

!   No empirical study linking choice among multiple exit modes to innovation!

!   Information confidentiality as a key mechanism!
!   Routine disclosure to meet shareholder expectations under public ownership!
!   Possible information leakage to competitors!
!   Differences in project selection and managerial ability to take risk!

! Key prediction: Private > M&A > Public (with respect to innovation)!

! Alternate explanation: HR turnover (inventor-level dataset)!
!



Testing mechanisms and robustness�
!   Tests using within-IPO sample!

!   Joint condition of high preclinical products and high analyst coverage 
reduces patent citations!

!   Tests using within-M&A sample!
!   Private acquirer increases citations!
!   Higher technology overlap with acquiring firm increases applications and 

reduces citations!

!Within-mode results à information confidentiality mechanism!
!   Results robust to different post-event windows!
!   Inventor-level dataset:!

! Productivity: post-exit, post-joining, post-leaving!
!   Inventor-level turnover not driving firm-level patterns!



Summary�
! Main findings: private > M&A > IPO, for innovation quality!

!   Evidence for causal effects of mode choice on innovation!
§  CEM to preprocess data and create matched samples (IPO, M&A treatments)!
§  Quasi-experiment focusing on “near” vs. “realized” exit outcomes!
§  Instrument for IPO choice using the IPO + M&A sub-sample!

§  Together, these approaches help overcome endogeneity associated with the lack 
of random selection to exit mode!

!   Evidence for firm-level information confidentiality mechanism!
§  Within-mode analyses at the IPO and M&A-levels!
§  Inventor-level analyses suggesting that effects arise due to firm-level factors!
§  Robustness checks on different exit windows suggest a “regime shift” explanation!



CEM method references�
!   Technical references:!

! Iacus, King & Porro (Political Analysis, 2012)!
! Iacus, King & Porro (JASA, 2011)!

!   Stata programming reference:!

!   Blackwell, Iacus, King & Porro (Stata Journal, 2009)!

!   Some examples of CEM application:!

!   Aggarwal & Hsu (MS, 2014)!
! Azoulay, Graff Zivin & Wang (QJE, 2010)!
!   Singh & Agrawal (MS, 2011)!



!

Questions?!
vikas.aggarwal@insead.edu!

!

Thank you!�



!   M&A outstrips IPO as the modal form of entrepreneurial exit; 
increasingly dominant in recent years (public policy implications…)!

!   Modes are correlated, but not perfectly so (implications for IV analysis)!

Balance of IPO vs. M&A exits�
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CEM benefits�
!
!   Statistical benefits to using CEM (e.g., Iacus et al, 2011)!

!   Bounds the degree of imbalance (chosen by the user)!
!   Bounds level of model dependence and average treatment effect estimation error!
!   Produces reasonable number of matches on real data sets (correlated covariates)!

!   Comparison with propensity score matching (e.g., King et al, 2011)!
!   PSM: collapse vectors of pre-treatment covariates to P(treatment), then match 

each treated unit to the “nearest neighbor” control unit; apply some method to 
remove treated units that are too distant from the controls!

!   Iteratively aim to maximize treated-control balance and sample size!
!   PSM: choose fixed number of observations ex ante, hope for imbalance reduction 

as a result of the procedure!
!   In CEM, fixed level of balance is chosen ex ante, and the number of observations 

is simply an outcome of this process!
!   PSM tends to approximate random matching in many situations!


