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Abstract

We study how the human capital embedded in teams is affected by, and reallocated
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deteriorates more. These findings point to the loss of team-specific human capital as
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Teams and Bankruptcy

ABSTRACT

We study how the human capital embedded in teams is
affected by, and reallocated through, corporate
bankruptcies. After a bankruptcy, U.S. inventors
produce fewer and less impactful patents. Moreover,
teams become less stable. Consequently, compared to
inventors that rely less on teamwork, the performance of
team inventors deteriorates more. These findings point
to the loss of team-specific human capital as a cost of
resource reallocation through bankruptcy. Acquisitions
by industrial firms and joint mobility of inventors with
past collaborations limit these losses, suggesting that the
labor market and the market for corporate control help
preserve team-specific human capital in bankruptcies.



1. Introduction

“Teams possess value over and above the value that each worker brings to
the enterprise. [...] From the animators at Walt Disney in the 1940s to the
engineers at NASA in the 1960s to the software writers at Microsoft in the
1990s, one can identify teams across a large range of activities. The histories
of most successful enterprises tell of the group of individuals crucial to their
successes. Often these individuals will have had little success in earlier or
later ventures with other people. [...] A robust law of corporate
reorganizations must focus on firms that have valuable teams yet face
financial distress.”

(Baird, Douglas G. and Rasmussen, Robert K., 2002. The End of

Bankruptcy. Stanford Law Review 55, p.775)

Corporate bankruptcies are an important mechanism through which the economy rids itself of
obsolete firms and allocates their constituent parts to alternative and potentially more productive
uses. However, the restructuring process involves various imperfections. In addition to the
potential loss in value to the firm’s redeployable physical capital stock (e.g., due to asset fire sales),
bankruptcy may involve some deterioration of organizational and human capital.! Prior research
has focused primarily on the reallocation of physical capital and individual workers. We are the
first to systematically study how the human capital embedded in teams is affected by corporate
bankruptcies.

Teamwork has become a prevalent way of organizing production in science, in innovation,
and, more broadly, in the corporate sector. There is evidence, in a variety of settings, that

teamwork has substantial benefits compared to work in hierarchical environments, in particular

1 For example, the failure of a firm may result in ongoing R&D projects to be halted and the knowledge
accumulated thus far to be lost; workers that invested in organizational or other firm-specific human capital
will see the value of those skills diminish (e.g., Graham, Kim, Li, and Qiu 2022). Further, frictions in the
post-bankruptcy reallocation of resources may lead to capital and labor being idle for some time or even
result in protracted sub-optimal uses. In the case of workers, unemployment spells could accelerate the
depreciation of skills (e.g., Ljungqvist and Sargent 1998).
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when complex tasks are involved. Despite the importance of teamwork, there is little systematic
evidence on the economic drivers affecting the creation, stability, and dissolution of productive
team configurations. Understanding these forces is crucial for the design of corporate and public
policies that maximize productivity.

In this paper, we study how the human capital embedded in teams is affected by and
reallocated through corporate bankruptcies. Team-specific human capital can be defined as an
intangible asset consisting of common knowledge related to communication, coordination, and
problem-solving which is not easily codified or transferable across different groups of workers
(e.g., Bartel, Beaulieu, Phibbs, and Stone 2014). The restructuring process that occurs during
bankruptcy may disrupt the stability of teams within the financially distressed firm. Moreover, it
may be difficult for workers who are used to collaborating in teams to move jointly to a different
firm after bankruptcy, because few firms may have the financial slack to hire entire groups of
employees of the distressed firm. This problem may be further aggravated due to common
industry shocks. Furthermore, the joint relocation of former team-members to new firms may be
rendered onerous by transaction and coordination costs: individuals may have different
geographic preferences, or family circumstances may make it difficult to coordinate a joint
relocation. Depressed housing markets may also impede workers” ability to move to other regions
(Brown and Matsa 2020). The resulting shock to the structure of teams, or, at the extreme, their
outright dissolution, may have negative consequences for the productivity of its members. This
would be especially relevant for employees that have built up significant team-specific human
capital in the past.

We face several challenges when studying the impact of corporate bankruptcies on team
stability and the productivity of team-dependent workers. First, bankruptcies are not exogenous
events, and neither is the matching of workers to teams and firms. In fact, endogenous responses
to financial distress—by employees, the labor market, and the market for corporate control —are
economic effects that we investigate. Our paper presents a plausible narrative related to the
reallocation of team-specific human-capital during corporate bankruptcies, but we also entertain
possible alternative explanations. To alleviate concerns that our results are driven by selection,

we conduct a comprehensive series of tests that support the notion that team-specific capital helps



explain the post-bankruptcy productivity of workers. Second, we require panel data of workers
matched to their respective employers; the data should permit to measure the extent to which
workers collaborate in teams and are endowed with team-specific human capital. Finally, to be
able to quantify the importance of team-specific human capital in the reallocation process that
takes place during bankruptcies, we require metrics of individual worker productivity.

In our analysis, we use an employer-employee matched dataset of inventors in the United
States spanning the years 1980 to 2015. While inventors tend to work in teams, there is substantial
variation in the extent to which they do so, allowing us to study teamwork and team-specific
human capital. Because we can trace the composition of teams within and across firms, we can
distinguish the role of team-specific human capital from that of firm-specific human capital. This
setting also allows us to construct patent-based productivity measures which have been shown to
be economically meaningful in a large body of prior work. We can measure inventors” individual
output, both in terms of quantity (patent counts) and quality (citation-based innovation measures,
as well as market estimates of the monetary value of patents). Another advantage of focusing on
inventors is that they constitute an important category of workers due to their central role in the
production of innovation and technological progress, which ultimately drives economic growth.
As such, it is economically important to understand whether corporate bankruptcies affect
productive human capital that is embedded in inventor teams.

We have three main sets of findings. First, inventors employed at a firm that files for
bankruptcy experience a subsequent drop in productivity by three to four percent, on average, in
the ten-year period after the bankruptcy relative to the ten-year pre-bankruptcy period. The
decline in productivity is largest in the first three years after the bankruptcy. Second, bankruptcies
lead to the loss of team-specific human capital. We show that corporate bankruptcies are
associated with a disruption in team structure: the probability of the break-up of teams
significantly increases in the year of the bankruptcy filing and the year thereafter. Furthermore,
inventors that tend to work in teams—those who have co-authored a significant share of patents
with other inventors in the financially distressed firm —experience more negative effects on their
productivity post-bankruptcy than inventors that rely less on team production. Indeed, we show

that an inventor who co-authored all patents with colleagues at the firm filing for bankruptcy



experiences a six percent larger reduction in patents filed post-bankruptcy, relative to an inventor
with no co-authorships within the bankrupt firm. In terms of quality, such team-reliant inventors
suffer a ten percent larger reduction in citations per patent than inventors that work alone. The
magnitude of this change is economically significant but smaller than the decrease in inventor
productivity documented in the case of co-inventor deaths (Jaravel, Petkova, and Bell 2018).

We confirm that this drop in productivity occurs after the bankruptcy, not before.
Moreover, there is no evidence that team-dependent inventors are of lower quality than their
colleagues; in fact, prior to the bankruptcy, team-dependent inventors are, on average, more
productive. We also document that team-dependent inventors are significantly less likely to
remain active as inventors (by filing patents) after bankruptcy than those that rely less on
teamwork. For example, two years after the bankruptcy, inventors that only patent in teams are
twelve percentage points less likely to remain active; relative to the average inventor affected by
the bankruptcy, this constitutes an 18 percent lower two-year survival rate. This suggests that the
loss of team specific capital is an important, yet previously undocumented, cost associated with
the process of resource reallocation through bankruptcies.

Third, we find that both the labor market and the market for corporate control play a
significant role in preserving team capital after bankruptcy. Inventors who tend to work in teams
are more likely to co-locate with their team members post-bankruptcy, in particular if the
inventors have collaborated in the production of valuable innovation. We also find that labor
market frictions in the form of non-compete agreements reduce the likelihood that team inventors
co-locate post-bankruptcy, and team inventors in states that enforce such agreements display
larger reductions in their post-bankruptcy productivity. Finally, team inventors of firms that are
acquired by other industrial firms during or after bankruptcy perform relatively better than team
inventors of firms that are not acquired after the bankruptcy. In particular, team inventors in
liquidated firms perform significantly worse after bankruptcy than those in firms experiencing
more favorable bankruptcy outcomes.

Our results paint a nuanced picture of the reallocation of human capital through
bankruptcy. Team dissolution increases around bankruptcy and team inventors become less

productive than their less team-dependent colleagues. However, the labor market and the market



for corporate control promote the preservation of team-specific human capital, limiting the
productivity losses associated with bankruptcy.

Among other robustness tests, we address the concern that the selection of inventors that
work for financially distressed firms or the selection of inventors who work in teams could drive
our results. First, we conduct a test in which we restrict the sample to include only “star” inventors
(defined as the top decile of all inventors by total number of patents filed during our sample
period). This test alleviates the concern that our findings are driven by unproductive inventors
being adversely affected by the bankruptcy-induced separation from highly productive team-
members.2 Second, we confirm that our results are not driven by the selection of inventors who
remain in the firm during financial distress. We perform a test using a subsample of U.S. states
where courts strongly enforce non-compete clauses in labor contracts. In such states, high-skill
workers are typically restricted in their ability to strategically time their exit prior to the
bankruptcy event. We confirm our results in this setting. Third, we redo our analysis using a
subset of inventors whose employers are not R&D-intensive, that is, the firms’ primary activity is
not innovation. This reduces the reverse causality concern that bad inventor performance is the
driver of the bankruptcy in the first place. Finally, we show that the results are robust to different
ways of constructing the sample. The main sample consists of inventors who experience a
corporate bankruptcy at some point during the sample period (in the spirit of the analysis in, e.g.,
Giroud and Mueller 2015). Thus, inventors who are not encountering a bankruptcy yet serve as a
counterfactual for those who are currently experiencing a bankruptcy. The results also hold when,
instead, we additionally include in the comparison group inventors that never experience a
corporate bankruptcy during the sample period. Overall, these tests alleviate the concern that our
findings are purely driven by the selection of inventors included in our sample or the selection of
inventors who work in teams.

Our study contributes to several strands of the literature in Economics and Finance. First,

we contribute to the literature on the allocation of resources through bankruptcy. Most of this

2 Furthermore, because “star” inventors file patents frequently, this test also reduces concerns related to
measurement error in the timing of recorded firm transitions of inventors (we infer inventors’ careers from
their patenting activity).



work focuses on the reallocation of physical capital and (non-human) intangible assets.® In
contrast, our focus is on human capital. Our paper is most closely related to two studies that shed
light on the reallocation of general human capital through bankruptcy. Eckbo, Thorburn, and
Wang (2016) analyze the careers of CEOs of firms that file for bankruptcy, finding that many such
CEOs leave the executive labor market and suffer future compensation losses. Graham, Kim, Li,
and Qiu (2022) document that manufacturing workers’ earnings fall after a firm files for
bankruptcy and that affected employees tend to subsequently work less and leave the firm,
industry, and local labor market. A related set of papers studies displaced workers (e.g., Fallick,
1996; Couch and Placzek, 2010; Andersson et al., 2018; Schmieder, von Wachter, and Heining,
2022). Even though these studies often focus on plant closures, not bankruptcies, they present
related evidence on the post-displacement earnings dynamics of workers.

Our contribution to the literature on factor reallocation in bankruptcy is twofold. First,
while we study (patent-based) measures of productivity, past research focussed on compensation.
This is an important distinction as pay may be driven not only by productivity, but also by
bargaining power, perks, riskiness of the employment relationship, etc. Second, and perhaps more
importantly, the focus of our paper is on teamwork, a key determinant of productivity in high-
skill tasks. In contrast, Graham et al. and Eckbo et al. have no discussion or analysis along this
dimension, and neither does the literature studying worker displacement. Given the importance
that collaborative work arrangements have for the creation of value, we believe our work fills an
important gap in the literature.

Second, our paper contributes to the literature on teamwork more generally. The value of
teamwork has been demonstrated in a variety of settings such as garment plants (Hamilton,
Nickerson, and Owan 2003), steel mills (Boning, Ichniowski, and Shaw 2007), academia (Card and
DelaVigna, 2013), and healthcare (Bartel, Beaulieu, Phibbs, and Stone 2014). Lazear and Shaw

3 Studies examining the reallocation of physical capital and patents during bankruptcies include Gertner
and Scharfstein (1991), Aghion, Hart, and Moore (1992), Shleifer and Vishny (1992), Benmelech and
Bergman (2011), Birge, Parker, and Yang (2015), Bernstein, Colonnelli, Giroud, and Iverson (2019),
Bernstein, Colonnelli, and Iverson (2019), Iverson (2018), and Ma, Tong, and Wang (2022). Other work has
highlighted bankruptcy externalities (e.g., Benmelech, Bergman, Milanez, and Mukharlyamov 2019; Babina
2020; Hacamo and Kleiner 2022).



(2007) report that the share of large firms that employ teams has increased. Gompers, Gornall,
Kaplan, and Strebulaev (2020) provide evidence on the importance of the entrepreneurial team
for startup success. Closest to our paper is the work of Azoulay, Zivin, and Wang (2010), Azoulay,
Fons-Rosen, and Zivin (2019), and Jaravel, Petkova, and Bell (2018) who use the deaths of co-
authors to study teamwork in science and corporate innovation. While deaths are a good setting
to quantify the value of team-specific human capital in general, it is not suitable to test whether
corporate events, like bankruptcies, M&As, or IPOs, lead to significant losses (gains) in
productivity because of a destruction (creation) of team-specific human capital. The reason is that,
unlike death events, most of the shocks that firms face still allow inventors to continue to
collaborate. For example, firms may be especially careful at preserving team-specific human
capital after a bankruptcy, bankruptcy judges may pay close attention to and be protective of
valuable collaborative arrangements, or labor markets may value such human capital and attempt
to preserve it by hiring inventors in teams rather than individually. The extent to which these
mechanisms occur cannot be learned or extrapolated from empirical designs that rely on deaths
for identification, because there is no market mechanism that can preserve the stability of a team
when one of its members dies. Because most of the shocks that affect collaborative work
arrangements are not as extreme as worker deaths, our work contributes to the understanding of
whether and how market forces promote team stability and productive teamwork.

Finally, we contribute to the body of research on innovation and its determinants. Previous
work has identified several macroeconomic drivers of innovation.* We contribute to this literature
by providing micro-level evidence of a specific channel—bankruptcy and the subsequent
redeployment of team-specific human capital —through which corporate innovation and the

process of creative destruction take place.

4 Prior studies have examined the role of patent law (Moser 2005), labor laws (Acharya, Baghai, and
Subramanian 2013), bankruptcy codes (Acharya and Subramanian 2009), and the quality of institutions
(Donges, Meier, and Silva 2022) for innovation. At the micro-level, access to finance (e.g., Kortum and
Lerner 2000; Gompers and Lerner 2001; Kerr, Lerner, and Schoar 2014; Bernstein 2015; Hombert and Matray
2017), investors’ tolerance for failure (Tian and Wang 2014), and the organizational structure of firms (Seru
2014) have also been shown to affect innovation.



2. Data and variables

2.1 Main data sources

We combine several data sources containing patent data, information on individual inventors’
careers, and data on firms’ financials (including bankruptcy filings). We consider public and
private firm bankruptcies up to and including the year 2015; similarly, we consider patents filed
until 2015 (counting forward citations received until 2020).5 To track inventor moves across both
private and public firms, we combine several data sources. The PatentsView database is a USPTO
platform of intellectual property data, including all patents granted by the USPTO from 1976. It
contains information on application date, Cooperative Patent Classification (CPC) technology
class, patent citing link, and initial application assignee of the patent (typically the firm or
subsidiary at which the research is conducted). PatentsView also contains disambiguated inventor
names and permits us to track the careers of inventors across firms. We define the place of
employment of the inventor as the firm that a patent assignee belongs to. For example, an inventor
who files a patent with firm A in 1999 and one with firm B in 2000 is designated as an employee
of firm A in 1999 and as an employee of firm B in 2000. If more than one year passes between two
patent filings, we assume that the employment transition between the two firms occurs at the
midpoint between the patent application years. Inventors are included in the sample for their
entire active career, defined as the years between their first and last patent filings.

To link these patents to public firms, we combine PatentsView with the Compustat link
for patent application assignees in the NBER patent database for the years 1980 — 2006 and in
Kogan, Papanikolaou, Seru, and Stoffman (2017) for the years 2007 — 2015. To link patents to
private firms, we follow the routines employed by the NBER. In addition to citations-based
measures of patent quality, in robustness tests, we employ a measure of the economic value of
patents based on the stock price reaction to the announcement of new patent grants; we obtain

these data from Kogan, Papanikolaou, Seru, and Stoffman (2017).

5 We consider patents applied for and granted until 2015 because later years are sparsely populated in the
database. There is a delay of observations being added into the patent database because only granted
patents are included, and the grant year is up to five years after the original application year.
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Information on bankruptcy filings is from the New Generation Research bankruptcy
database and the UCLA-LoPucki Bankruptcy Research Database. 2,066 public firms and more
than 400,000 private firms filed for Chapter 11 and Chapter 7 between 1980 and 2015. We match
the public and private bankruptcies to Compustat and patent data using the EIN/Tax ID and firm
name. Among the 2,066 public bankruptcy firms, 626 (30%) have at least one patent filed with the
USPTO during the 1980 — 2015 period, ® and 588 have at least one active inventor during the period
from one to three years before bankruptcy (which we require for the firms to enter our sample).
Among the more than 400,000 private bankruptcy firms, few are matched to the patent database.
This is to be expected as most private firms that file for bankruptcy do not have any patents at all.
We perform a fuzzy name matching between patent assignee names and bankruptcy firm names,
focusing on exact and close to exact matches. In addition, we require the state of assignee location
(where the patent was filed) to match with the bankruptcy state and the patenting period to match
with the private firm’s operating period. We then perform further manual checks using Capital
IQ and online information searches to ensure that we have matched the correct bankrupt private
firms with their patents. The resulting sample of private innovation-active firms that eventually
tile for bankruptcy encompasses 430 firms; 363 of these have at least one active inventor during
the period from one to three years before bankruptcy and enter our sample.

Focusing on initial Chapter 11 filers, we collect information on bankruptcy outcomes from
a variety of sources, including the Capital IQ database and news searches. We classify these
outcomes into four categories: company liquidates (178 cases), company bought by industrial firm
(91 cases), company bought by financial firm (36 cases), and company exits as independent entity
(221 cases). We can determine the bankruptcy outcomes for 526 Chapter 11 bankruptcy filers

(public and private) in our sample.”

¢ The fraction of patenting firms is similar when considering the whole Compustat universe (active and
inactive firms). That is, out of 35,535 U.S. firms that existed in the Compustat North America database
during the 1980 — 2015 period, 8,730 firms (25%) filed at least one patent during that same period.

7 As discussed above, our research necessitates the integration of different datasets, encompassing
bankruptcy filings for both public and private firms, along with inventor and firm information, occasionally
relying on name matches. To maintain accuracy, we perform manual checks at different stages of the
process. To illustrate, consider the matching process between private firms undergoing bankruptcy, as
identified in the New Generation Research database, and the set of patent assignees. Initially, a match is
identified between entities labeled “MARS, Inc.” in the New Generation Research bankruptcy database

11



Figure 1 depicts the frequency of bankruptcy filings in our sample, by year; the early 2000s
and 2009 are the periods with the largest number of bankruptcy filings. This suggests that resource
reallocation through bankruptcies primarily occurs during economic downturns. Figure 2 reports
the bankruptcies by CPC “industry,” in our sample. Because information on traditional industry
classifications (like SIC or NAICS codes) is unavailable for private firms, we construct industry
classifications based on the modal patent class for each bankrupt firm. Most bankruptcies occur
among firms that file most patents in the “physics” (covering, e.g., instruments, optics, and
computing) and “electricity” (covering, e.g., generation, conversion, distribution of electric power;
electronic circuitry, electrical communication systems) categories.

2.2 Main variables

In this section, we discuss the main variables used in our tests. To conduct our analysis, we first
identify the set of inventors who are directly affected by corporate bankruptcies. With a slight
abuse of terminology, given the non-random nature of bankruptcies, we occasionally refer to such
inventors as “treated.” If an inventor is present in a financially distressed firm in at least one of
the three years prior to the bankruptcy filing, the inventor is permanently categorized as being in
the “treatment” group. This definition of the set of inventors affected by bankruptcy enables us to
consider inventors who depart prior to the actual bankruptcy filing (see, e.g., Baghai, Silva, Thell,
and Vig 2021), which would not be possible had we defined the year of the bankruptcy filing as
the reference year. Further, we still avoid selecting workers who may be unaffected by the
bankruptcy because they left long before the filing.? In the regressions, we include each inventor
for a maximum window of ten years before to ten years after the bankruptcy (our results are

robust to using a shorter [-5, +5] window in the regressions).

(three Chapter 7 bankruptcy filings are recorded, in 2004 and 2005; no EIN is recorded in the database) and
the patent assignee “Mars, Inc.” in the patent database. Through online checks (including Capital IQ and
bankruptcy court records on PACER), we verify that this is a false positive match resulting from the name-
matching algorithm: the food manufacturer Mars Inc., which holds several patents, has not filed for
bankruptcy, let alone undergone liquidation. Consequently, we refrain from categorizing the patent
assignee Mars, Inc. (the multinational food manufacturer) as bankrupt within our dataset.

8 In robustness tests, reported in Section 4.5, we define inventors as “treated” when they are employees of
a financially distressed firm one year prior to the bankruptcy filing (rather than in one of the three years
preceding the bankruptcy).

12



Post bankruptcy is an indicator variable that takes the value of one in the years after the
bankruptcy filing for inventors in the bankruptcy group. It takes the value of zero in the year of
the bankruptcy filing and before; it is also zero for inventors who were never employed by a
bankrupt firm during the three years prior to bankruptcy (this latter group of inventors is only
considered in robustness tests, see Section 4.5). In some tests, we use the variables t0, t1, {2, t3, and
t4, which are event time dummy variables that identify, respectively, the year of the bankruptcy,
the year after the bankruptcy, year two after the bankruptcy, year three after the bankruptcy, and
year four after the bankruptcy. Furthermore, t3plus and t5plus are event time dummies that
identify the period of year three (respectively, year five) post bankruptcy and beyond.

We employ two main patent-based proxies to measure inventor productivity. The variable
Ln(Patents) is the natural logarithm of one plus the number of patents applied for by a given
inventor in a given year. Following the literature, the year refers to the patent application year,
and we only consider patents that are eventually granted (e.g., Hall, Jaffe, and Trajtenberg 2001).
As an alternative measure which also reflects the importance of an invention, we use the variable
Ln(Citations per patent), the natural logarithm of one plus the average number of forward citations
(counted until 2020) per patent for all patents that a given inventor applies for in a given year.

We also consider two additional productivity measures in robustness tests. Ln(Citations)
is defined as the natural logarithm of one plus the total number of citations obtained on all patents
that the inventor applies for in a given year. As an additional way to measure the economic value
of innovation, we employ the variable Ln(Dollar value of patents), which is the natural logarithm of
one plus the cumulative dollar value of patents (in millions of nominal U.S. dollars) that an
inventor applies for in a given year; the dollar value of each patent is obtained from Kogan,
Papanikolaou, Seru, and Stoffman (2017). This measure is only available for public firms. We
report a selected set of regression specifications with these measures in the robustness section
(Section 4.5).

In this study, we are interested not only in the evolution of inventor productivity following
a bankruptcy, but, more generally, also in the impact of bankruptcies on inventor careers. To
measure how long an inventor remains active following a bankruptcy, and how this may be

affected by the team-specific human capital lost during bankruptcy, we construct the variables
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Still inventing (x), which are indicator variables taking the value of one if an inventor continues to
file patents x years after the bankruptcy filing. For each pair of “treated” inventors that are
employed at the same firm one to three years prior to bankruptcy, we also create the variable Move
together, an indicator that takes the value of one if both inventors in the pair jointly move to the
same new firm following the bankruptcy. The variable takes the value of zero if both inventors
remain at the bankrupt (restructured) firm, if they move to different firms post-bankruptcy, or if
one of them stops inventing.

Finally, to study the effect of bankruptcies on the likelihood that inventor teams break up,
we construct the following variable. For each inventor i in any year t, we determine the set of
patents filed until year t-4 and the identity of the co-authors of those patents that also worked
with that inventor in the same firm in year t-4. We then calculate the percentage of the inventors
that were both co-authors and coworkers of inventor i in year -4 that are still at the same firm in
year t. The variable Remain together is a dummy variable equal to one if that percentage is larger
than 75%, that is, if more than three quarters of the team remains in place. This variable is a
measure of team stability across inventors and over time.?

In terms of explanatory variables, the focus of our analysis is on the role of team-specific
human capital and how it relates to the post-bankruptcy productivity of inventors. Team
dependence measures the extent to which an inventor collaborates with others at the firm before its
bankruptcy. For an inventor who works at a financially distressed firm in at least one of the three
years prior to its bankruptcy filing, this variable measures the share of that inventor’s patents that
are co-authored with other inventors who are also employed at that firm; all co-authorships up to
the year before the bankruptcy filing are considered in this calculation. For inventors that are not
employed at a financially distressed firm between years three and one prior to bankruptcy, this

variable takes the value of zero (this group of inventors is only used in robustness tests reported

9 A priori, it is not clear what the best way to measure team stability is. In particular, it is unclear what the
length of collaboration is that best describes a stable effective team. We choose four years because it strikes
a balance between being long enough to plausibly capture meaningful team-specific human capital, while
being short enough to not limit our sample period considerably. We note, however, that if we use a three-
year period (instead of four years) to define this variable, the pattern of team stability around bankruptcies
that we obtain is similar to that documented in Section 4.2.
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in Section 4.5). Team dependence is constant within an inventor across time and ranges from zero
to one. A value of zero indicates that none of the patents of an inventor are co-authored with other
inventors from the bankrupt firm. In contrast, a value of one denotes that all patents of the
inventor are produced with other inventors at the bankrupt firm. Therefore, a higher value of
Team dependence indicates a higher level of team-specific human capital in an inventor’s
production function. To capture team collaborations at the pair level, we define the variable Pair
co-dependence. For two inventors i and j who were at a bankrupt firm in at least one of the three
years prior to the bankruptcy, Pair co-dependence is defined as the share of patents of inventors i
and j that are co-authored by both inventors i and j; it includes all patents of both inventors up to
the year before the bankruptcy filing. We also create a measure of the economic value of
collaborations at the level of inventor pairs: for each pair of inventors, the variable Pair average
citations is defined as the average number of citations obtained by the patents (filed until year one
prior to bankruptcy) co-authored by the inventors in the pair.

To measure work experience generally and an inventor’s experience with patenting more
specifically, we calculate the number of years between the current year and the year of the first
patent filed by a given inventor in our sample. In our regressions, we include a set of fixed effects
for years of experience to capture possible non-linearities in the relationship between inventor
productivity and experience (e.g., Bell, Chetty, Jaravel, Petkova, and Van Reenen 2019). We also
include fixed effects for the modal patent class of the patents filed by an inventor in a given year,
based on CPC technology classes (discussed in Section 2.1). In robustness tests we also employ
the variable Tenure, which, for an inventor experiencing a corporate bankruptcy, is the number of
years between the year the inventor joined the firm and the last year prior to the bankruptcy filing.
In Table 1, we present summary statistics of the variables employed in the empirical analyses of

this paper. We report a summary of the variable definitions in the Appendix.

3. Empirical setting, identification, and limitations

We aim to quantify the role of team-specific human capital as a determinant of the
productivity of inventors following corporate bankruptcies. Doing so is challenging because

bankruptcies are not random events, and neither is the matching of inventors with (bankrupt)

15



firms, nor the formation of production teams. In this section, we discuss the main endogeneity
concerns present in our empirical setting and the ways we strive to address them.

When studying corporate bankruptcies, a natural concern relates to selection at the broad
industry level. Industries where bankruptcies are most prevalent may be declining industries with
obsolete technologies. We account for this possibility in two ways. First, we include technology
class-by-year fixed effects, defined at the inventor level. We consider the modal technology class
of the patents filed by each inventor in a given year; thus, the technology class assignment
potentially varies over time for a given firm, but also potentially for each inventor. These fixed
effects should account for most of the industry-level dynamics that may lead firms to go bankrupt.
However, they cannot account for industry selection at the sub-technology-class level, that is,
different technologies within a certain industry. To address this type of selection concern, we
include bankrupt firm-by-year fixed effects in most of our regression specifications, as we discuss
below.

The firms that file for bankruptcy within a given industry may be those with worse
prospects. Thus, finding that productivity falls after bankruptcy could be simply a manifestation
of inferior technology and outdated products in those specific firms. We account for this
possibility by including bankrupt firm-by-year fixed effects in our regressions, which absorb any
firm-level trends. This permits us to compare cohorts of inventors who experienced bankruptcy
at the same firm but that differ in the extent to which they relied on teams when innovating prior
to the bankruptcy.

Given our empirical setting and the fixed effects we employ in our regression models,
perhaps the most relevant concerns relate to the measurement and the endogenous formation of
inventor teams. We identify inventor teams using the co-authors listed on patents. While a
patent’s co-authors do not necessarily represent all people who contribute to a patent, they likely
represent the most important set of people that contributed to an invention, and it is this set of
people that we focus on (as do other studies using patents’ co-authors to measure teamwork, such

as Jaravel, Petkova, and Bell 2018).1* However, co-authorship may not be a perfect proxy for

10 The notion of co-inventor in a patent has a specific meaning in the patent law. The inventorship criterion
is the answer to the legal question of who contributed to the conception of at least one of the claims in a
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teamwork. To the extent that some junior co-inventors are not included on a patent (who may
plausibly suffer from team-breakup) and some senior supervisors who did not contribute to an
invention are included on the patent (who should suffer less from the separation from their
wrongly attributed “team members”), our coefficient estimates may be biased towards zero, that
is, underestimate the true effect of team-breakup on post-bankruptcy productivity. This potential
bias should be considered when interpreting the coefficient estimates of the effect of team-breakup
on inventor productivity that we document.

Collaborations are not random, and it is possible that inventors who work in teams are
fundamentally different from inventors who work alone. It could be, for example, that the most
productive inventors can produce individually, while less productive inventors need the support
of a team. We address this concern in several ways. First, our tests include inventor fixed effects.
This means that time-invariant differences in skills between inventors who work in teams and
inventors who work alone are absorbed by our regression specification. One would need to argue
that this selection of collaborators only leads to productivity differences after the bankruptcy, but
not before, which we view as implausible. Furthermore, if inventors who work in teams are of
lower quality than those who work alone, and this was driving our findings, one would expect
team-dependence to not matter for post-bankruptcy productivity once accounting for inventor
quality. Contrary to the view that team dependent inventors experience a reduction in
productivity post-bankruptcy because they are of worse quality, we observe that on average,
team-inventors appear to be at least as productive as non-team inventors (see Table 5, Panel A),

suggesting that they are unlikely to be low quality inventors. Moreover, when we restrict our

patent. Meritorious conduct by employees who contribute to a productive environment in a firm or division
does not constitute invention, and neither does general supervision or provision of resources. Each co-
author to a patent must contribute to at least one claim of the patent application. Joint inventorship also
requires some element of joint behavior, such as collaboration between or among the joint inventors. Does
patenting practice live up to this legal standard? It is plausible that the application of these legal principles
can be subject to intentional or unintentional errors, when, for example, supervisors (leaders of an R&D unit
that direct development activities and approve ideas) are included as co-authors on the patent application
even though they do not materially contribute to the patent. However, patent lawyers are aware of and
advise against these types of erroneous attributions (see, e.g., Hulse 2009). In short, the legal framework
governing patents does provide a workable and economically sound proxy for teams in the form of patent
co-authors.
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sample to a group of highly productive “star” inventors, our findings remain, which further
supports the view that our results are not driven by the possibility that the quality of team
inventors is low (we discuss these tests in Section 4.4).

Our tests plausibly show that a bankruptcy has a significantly negative impact on team
inventors, but they do not permit us to isolate the specific factors that lead them to be more
affected by bankruptcy. While team dissolution is a plausible explanation supported by the data,
the lower post-bankruptcy productivity of team inventors may be also due to other factors (such
as the loss of firm-specific capital, and the inability to match to a new firm in the same sector or to
move to a new location) if such factors are more salient for team-oriented inventors.

One may be also concerned about reverse causality, as low inventor productivity or
quality may be the cause of the bankruptcy, and not vice versa. We address this concern in two
ways. First, in Table 2, we compare the pre-bankruptcy characteristics of inventors who
experience bankruptcy between 1980 and 2015 (“treated” inventors) and inventors who do not
experience bankruptcy during the same period (“never treated” inventors). Panel A of Table 2
reports the distribution of technology classes in which the two groups of inventors publish.
Overall, treated and never-treated inventors publish in similar patent classes, although treated
inventors appear to have a somewhat lower fraction of patents published in “human necessities”
(including areas such as foodstuffs, agriculture, health), and a higher fraction in “mechanical
engineering; lighting; heating; weapons; blasting” and “operations and transporting.” Panel B
reports that both treated and never-treated inventors file patents with similar frequency: on
average, about one patent every 16 months in the case of treated inventors, and every 18 months
in the case of never-treated inventors. However, treated inventors appear to be more enduring in
their patenting efforts: treated inventors’ careers span 15 years on average, while it is 10 years on
average for never-treated inventors. Further, treated inventors publish around 12 patents on
average in their lifetime compared to seven patents for never-treated inventors. Finally, the
patents of treated inventors are more impactful: while the patents of treated inventors receive
about 19 forward citations on average, never-treated inventors receive around 15; lifetime
citations are 229 on average for treated inventors and 157 on average for their never-treated peers.

In sum, there are indeed differences between inventors experiencing bankruptcy and those that
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never experience one. While this may raise some concerns about external validity, it also reduces
the concern that (bad) inventor quality causes the firms that we study to go bankrupt, as treated
inventors appear to be overall more prolific and to produce more impactful patents than never-
treated ones."" We address the reverse causality concern in a second way, in robustness tests
presented in Section 4.5. In these tests, we restrict the sample to firms with low innovation
intensity and observe similar results as in our main sample. Because these firms are unlikely to
rely on innovation as their main business driver, the reverse causality argument that firms go
bankrupt due to the bad quality or performance of their inventors appears to be less plausible.
In sum, even though our tests cannot rely on randomly assigned bankruptcies or
exogenous assignment of inventors to teams, we employ a battery of fixed effects and robustness
tests (discussed in detail in Sections 4.4 and 4.5) to address key identification challenges. We
believe that these precautions, taken together, significantly reduce the impact of endogeneity
problems inherent in this type of analysis. However, as with every study relying on observational
data and fixed effects panel regressions, endogeneity concerns cannot be fully ruled out, and the

results must be interpreted with the appropriate degree of caution.

4. Bankruptcies, team-dependence, and productivity

4.1 How do bankruptcies affect inventor productivity, on average?

Corporate bankruptcies may be an important stimulant of creative destruction in the economy, as
new ideas and ventures displace obsolete firms. Whether this process leads to an increase or a
decrease in the productivity of individual inventors depends on whether the negative effects due

to the bankruptcy (such as work disruption and loss of firm- and team-specific human capital) are

11 Tn Table 2, the set of “never treated” inventors encompasses all inventors who file patents in at least two
years during the 1980 to 2015 period. We impose this requirement because the treated inventors that
contribute to the estimation of our regression coefficients also patent in at least two sample years, given that
we employ inventor fixed effects in most specifications. However, the conclusions we draw from the
comparison are very similar when we relax this sample selection criterion of having at least two patenting
years and compare treated inventors to never-treated inventors that have a minimum of one patent during
the 1980 to 2015 period.
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outweighed by the gains from allocating the production inputs (labor and capital) to their new
uses.

We study the evolution of the productivity of inventors who are directly affected by a
bankruptcy. Corporate bankruptcies are staggered in time and occur in most of the sample years
(see Figure 1); we can thus use inventors of firms that have not gone bankrupt yet as a control
group for inventors of firms that are currently filing for bankruptcy. Because all inventors in this
sample will at some point experience a bankruptcy event, we are comparing similar firms and
inventors to each other.'? The presence of a comparison group in our analysis allows us to account
for industry-level and macroeconomic dynamics in the evolution of inventor productivity that
occur in the absence of bankruptcy. We start our empirical analysis by studying the evolution of
inventor productivity around corporate bankruptcies. We test whether inventors who were
employed by a bankrupt firm experience a change in productivity in the aftermath of the
bankruptcy. We use the following regression specification:

Productivity;s; = a + B - Post bankruptcy;, + ¥ + &4, (1)
where Productivityin is, in different specifications, either the natural logarithm of one plus the
number of patents filed in year ¢ by inventor i in firm f; or the natural logarithm of one plus the
number of forward citations of all new patents filed in year ¢ by inventor i in firm f divided by the
corresponding number of patents. These two variables are used to capture distinct aspects of the
innovation process, because a bankruptcy event may affect the quality and quantity of subsequent
innovation activity in different ways. For example, inventors may continue to produce patents,
but these patents may turn out to be less cited, that is, economically less valuable.

Post bankruptcy is an indicator variable that takes the value of one in the years after the
bankruptcy, and zero before that. The regression described by equation (1) further includes the
following control variables (signified by the matrix W): first, inventor fixed effects, which control
for (time-invariant) differences in inventor characteristics that are unobservable to us. Because
each inventor is assigned to a single bankrupt firm, these fixed effects also account for any time-

invariant, potentially unobservable, firm characteristics that may affect the innovation of

12 Tn robustness tests, we also include in the sample inventors who never experience a bankruptcy event
(see Section 4.5).
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inventors employed by the firm filing for bankruptcy. Further, ¥ also contains dummies for the
number of active years of an inventor, to account for any life-cycle related changes in inventor
productivity, as well as technology class-by-year fixed effects. The latter control for a variety of
other potential confounding factors, such as the possibility that the incidence of bankruptcies may
be higher in firms that develop technologies that are in decline, that the redeployability of human
capital after bankruptcy may vary across technology classes and time, or that the value of inventor
skills may be affected by industry dynamics. Standard errors are clustered at the bankrupt firm
level to account for any correlation in error terms within these firms. The coefficient of interest is
f which measures changes in the post-bankruptcy productivity of inventors, relative to the period
before.

Column 1 of Panel A of Table 3 reports that, on average, inventors experience a four
percent reduction in their innovation productivity, as measured by a patent count, after a
corporate bankruptcy, relative to before. Furthermore, the patents filed are of lower quality as
measured by citations per patent (column 2 of Panel A of Table 3), but the coefficient on Post
bankruptcy is not statistically different from zero at conventional levels. To explore the timing of
the effects, we replace the variable Post bankruptcy in equation (1) with a set of dummy variables
that take the value of one only in specific years relative to the bankruptcy event. For example, t0
takes the value of one in the bankruptcy filing year, and is zero otherwise, while t1 takes the value
of one in the year after the bankruptcy filing. Columns 3 and 4 of Panel A of Table 3 show that
innovation output drops immediately in the year of the bankruptcy (t0)** and continues to drop
further until 3 years after the bankruptcy. Patent filings (column 3) are lower by four percent in
the year after the bankruptcy filing, and down by six percent three years after the bankruptcy; the
effects on citations per patent are of similar magnitude (column 4). After year 3, the magnitude of
the decline in patenting appears to stabilize, and the coefficients are statistically indistinguishable

from zero.

13 The drop in productivity in year t0 is unsurprising, given that firms typically experience challenges
related to their financial distress even before the bankruptcy filing. Our examination of firm characteristics
before bankruptcy (reported in Figure 4) suggests that profitability decreases in t-1, and firm assets
gradually decrease starting in #-3. These negative developments inside the firms are likely to affect inventor
productivity and are likely to explain why there is an effect on patenting already in year #0.
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To which extent does the post-bankruptcy productivity of inventors depend on human
capital specificity? Do inventors that are able to focus on different technologies after bankruptcy
fare better? We identified cases in which inventors switched technology class from before to after
the bankruptcy year. In columns 1 and 2 of Table 3, Panel B, we find that inventors who patent in
a different technology class after bankruptcy indeed experience a smaller decrease in productivity
relative to inventors who do not patent in a new technology class. However, the observed changes
in an inventor’s technological focus are of course endogenous: inventors who change technology
class may be those who are more adaptable and for whom a change will not be too detrimental to
productivity. Therefore, these findings must be interpreted with caution. Alternatively, to develop
a more exogenous source of variation of human capital specificity and the ability to adapt to
different technologies, we can proxy the endowment of inventors with general skills (that may be
more easily redeployable) by measuring the degree of patent generality of the patents produced
by the inventor prior to the bankruptcy. In columns 3 and 4 of Table 3, Panel B, we find that
inventors who have more general skills tend to be less severely affected by the bankruptcy event,
as implied by the positive coefficient on the interaction between Post bankruptcy and Past generality.
However, these estimates are not statistically significant, so one must refrain from drawing strong
conclusions based on these results.

In sum, our findings suggest that inventors who remain active post-bankruptcy suffer
longer-term negative effects on their productivity, but those negative effects may be partly
mitigated when inventors have human capital that is more general in nature and can therefore be
more easily reallocated to different areas of the economy.

4.2 Bankruptcies and team stability

Many tasks, in particular knowledge-intensive tasks, do not happen in isolation. Figure 3 shows
that team production is an important aspect of patenting; indeed, the average number of inventors
per patent has increased from 1.4 in 1975 to 2.6 in 2015.15 A corporate bankruptcy is an event that

is likely to impact the stability of teams: it may be difficult to retain the composition of a team in

14 This relies on measures of generality from the NBER patent database, and as a result, the sample of patents
that are used to compute these measures only contains those patents included in the NBER dataset.

15 In this figure, we consider all patents in the PatentsView database, not only patents filed by inventors in
firms (ultimately) experiencing bankruptcy.
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the restructuring firm or to transfer all its members to a new firm post-bankruptcy. Instead, some
teams may be dissolved in the event of bankruptcy. Although team dissolution may be an optimal
outcome in cases where teams are not productive (e.g., Cornelli, Simintzi, and Vig 2019), frictions
in the labor market and inefficiencies in the bankruptcy process may result in significant losses of
team-specific human capital. For example, the new employer of some of the team members may
be financially constrained and may not have the necessary resources to hire the entire team.
Furthermore, a joint relocation of several inventors to a new firm requires considerable
coordination, which may not be feasible due to individual inventors” idiosyncratic constraints. In
those cases, a bankruptcy event may lead to the destruction of valuable team-specific human
capital and, consequently, to a decline in the productivity of the affected inventors.

It is not clear ex ante to which extent reorganization through bankruptcy leads to the
dissolution of teams. On the one hand, in a frictionless labor market, productive team
configurations should be kept intact; on the other hand, search and coordination costs together
with financial constraints of the hiring firms may make it difficult for inventors to remain together.
First, we document that corporate bankruptcies and the associated financial distress are severe
events that are associated with deep changes in the operations of the firms in our sample. In this
analysis, in which we rely on data from Compustat, we focus on the public firms in our sample.
In Figure 4, we observe that as firms approach bankruptcy, their profitability decreases (Panel A)
and their leverage increases (Panel B). In addition, these firms tend to downsize, in terms of both
physical assets (Panel C) and number of inventors (Panel D). In fact, the largest drop in the number
of inventors employed by bankrupt firms occurs in the bankruptcy filing year, suggesting that
bankruptcies may indeed lead to disruptions in the composition of production teams.

To shed light on the effect of bankruptcies on team-specific human capital, we test whether
they are associated with an increase in the likelihood of team break-ups. Specifically, we employ
the variable Remain together, a measure of team stability across inventors and over time. This
dummy variable is equal to one if the percentage of an inventor’s co-authors from four years prior
to any given year t, i.e., at t-4, that are still employed together in year ¢, is larger than 75%; that is,

the dummy is one if more than three quarters of the team remains in place.
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The results are presented in column 1 of Table 4. We find that the disruptive effect of
bankruptcies on team composition is concentrated in the year of the bankruptcy and the year
thereafter. Two years after the bankruptcy, inventors start forming new teams which are as stable
as in the (baseline) period prior to bankruptcy. In terms of magnitudes, the coefficients suggest
that the likelihood of inventors remaining together with at least 75% of their team from four years
prior is lower by about 20 percentage points in the year of the bankruptcy and the following year,
which constitutes a reduction in team stability by 33 percent relative to the pre-bankruptcy period.

The results reported in Table 4, column 1, imply that bankruptcies have a negative impact
on team stability. This effect is temporary and takes place in the years around the bankruptcy
filing, suggesting that inventors may be able to join new teams soon after the bankruptcy event.
However, the impact of the bankruptcy on their productivity may be long-lasting, especially if
team-specific human capital takes time to build in newly formed teams, or if the new teams are of
worse quality. We investigate this issue in the next subsection.

4.3 The impact of bankruptcies on the productivity of team-reliant inventors

In the previous sections, we documented that inventors become less productive after bankruptcy.
They also experience an increased likelihood of being separated from their teammates. A natural
next step is to investigate whether the organization of production in teams correlates with the
productivity of inventors after a bankruptcy event. Our main explanatory variable of interest is
Team dependence, which measures the degree to which an inventor’s innovation output depends
on collaborators in the bankrupt firm (see Section 2 for details). A low value of Team dependence
indicates that only a small amount of team-specific human capital is likely to be lost in the event
of bankruptcy. In contrast, a high value of Team dependence implies high interdependence between
the inventors of the bankrupt firm, suggesting that team complementarities may be an important
element of inventor productivity.

To investigate the role of team-specific human capital for post-bankruptcy inventor

productivity in a regression framework, we use the following specification:
Productivity;s; = a + By - Post bankruptcy;. + B, - Post bankruptcy;; X Team dependence; +
Wt ey @)
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where Productivityy is, in different specifications, Ln(Patents), a measure of the quantity of
innovation output, and Ln(Citations per patent), a measure of the quality of patents produced. Post
bankruptcy is an indicator variable that takes the value of one in the years after the bankruptcy,
and zero before that. The regression described by equation (2) further includes the following
control variables (indicated by the matrix ¥): bankrupt firm fixed effects, dummies for the number
of active years of an inventor, as well as technology class—by—year fixed effects. Standard errors
are clustered at the bankrupt firm level to account for any correlation in error terms within firms.
The coefficient of interest in equation (2) is f32; it is associated with the interaction between
Team dependence and Post bankruptcy and measures whether the change in inventor productivity
associated with bankruptcy depends on the implied loss of team-specific human capital. If such
human capital were irrelevant for productivity or such human capital was not affected by
bankruptcy, one would expect to find a coefficient of zero associated with this interaction term.
On the other hand, if team-specific human capital is important and bankruptcy affects team
stability (as documented in Table 4), then inventors whose work relies more on co-authorships
within the financially distressed firm may be more negatively affected by the bankruptcy event.
We report results from this analysis in Table 5, Panel A. First, in columns 1 and 2, we report
specifications in which we do not interact the variables Team dependence and Post bankruptcy. These
specifications permit us to compare the productivity of team and non-team inventors. We find
that team inventors are at least as productive as non-team inventors. Specifically, based on the
coefficient estimates in columns 1 and 2, we find that inventors who only work in teams are three
to five percent more productive than inventors who patent alone; however, these point estimates
are not statistically significant. As in Table 3, we also observe that inventor productivity
diminishes after the bankruptcy. Next, in columns 3 and 4, we report results from regressions in
which we additionally interact the variables Team dependence and Post bankruptcy. We find that
team inventors are significantly more productive than non-team inventors before the bankruptcy,
as implied by the positive and significant coefficient on the variable Team dependence. Consistent
with the view that team-specific human capital is a key determinant of post-bankruptcy inventor
productivity, we find a significantly negative coefficient associated with the interaction term Post

bankruptcy x Team dependence. In terms of economic magnitude, an inventor who used to co-author
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all patents with colleagues at the firm filing for bankruptcy (for whom Team dependence takes the
value of one) experiences a six percent reduction in patenting post-bankruptcy (column 3) and a
10 percent reduction in citations per patents (column 4), relative to an inventor with no co-
authorships within the bankrupt firm. For an inventor with average team-dependence, the
productivity loss amounts to three percent if the estimate in specification 3 is considered, or five
percent based on the estimate in specification 4. We also observe in columns 3 and 4 of Table 5,
Panel A, that the coefficient on the variable Post bankruptcy is negative but not statistically
significant. This suggests that, on average, inventors without significant team-specific human
capital do not experience a substantial reduction in their innovation productivity after the
bankruptcy.!”

In Panel B of Table 5, we enhance the regression model (2) with an additional set of fixed
effects. These regressions include bankrupt firm-by-year fixed effects, which account for any time-
varying, potentially unobservable firm characteristics that may affect the innovation of inventors
employed by the firm filing for bankruptcy (such as a deterioration in the amount or quality of
resources made available for research). This set of fixed effects permits us to compare cohorts of
inventors who experienced bankruptcy at the same firm but that differ in the extent to which they
relied on teams when innovating prior to the bankruptcy. In addition, we employ inventor fixed
effects, which we include to control for (time-invariant) differences in inventor characteristics that
are unobservable to us. The coefficient estimates on the interaction term on the variables Team
dependence and Post bankruptcy in columns 1 and 2 of Panel B are similar to the coefficients from
the less saturated model reported in Panel A, implying a decrease in the post-bankruptcy
productivity of team inventors compared to less team reliant inventors. Based on the coefficient
estimates reported in columns 3 and 4 of Panel B, we observe that team inventors suffer longer-
lasting productivity losses compared to other inventors, with the productivity declines extending
to at least five years after the bankruptcy filing. Given the evidence in Table 4 that new teams form

relatively quickly, this suggests that, on average, team-specific capital is destroyed through

16 Average Team dependence in the sample is 0.5 (Table 1).
17 In Online Appendix Tables OA1 and OA2, we report regression models that are less saturated than those
reported in Table 5, Panel A, incrementally adding fixed effects to the specifications.
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bankruptcy. Even if new teams are relatively quickly formed, these appear to be of worse quality
than before.

In sum, the evidence presented in Table 5 suggests that the productivity of team inventors
is particularly negatively affected by the bankruptcy. While the quantity of patents produced
decreases, it is particularly the quality of these patents that diminishes.!®

In Figure 5, we analyze the dynamic evolution of different inventor productivity measures
around bankruptcy events. This figure plots coefficients from a regression model similar to
equation (2); however, in this figure, we replace the variable Post bankruptcy with dummy
variables indicating specific years around the bankruptcy filing year. We interact these dummies
with the variable Team dependence and plot the coefficients and 95% confidence intervals around
the point estimates. The interaction between Team dependence and the dummy variable indicating
the year prior to the bankruptcy filing is omitted. On the y-axis, the figure measures changes in
productivity per inventor relative to year ¢-1 (one year prior to the bankruptcy filing), and on the
x-axis, it plots the time relative to the bankruptcy filing year. In Panel A, we employ as the
productivity measure Ln(Patents), while we measure inventor productivity using Ln(Citations per
patent) in Panel B and using Ln(Citations) in Panel C. Finally, Panel D uses Ln(Dollar value of patents)
as the dependent variable (which is only available for public firms). We observe that up to the
year of the bankruptcy, the productivity of inventors with many co-authors in the bankrupt firm
evolves in parallel with that of inventors who do not rely on teamwork. However, after the
bankruptcy, the productivity of inventors with many co-authors at the financially distressed firm
diminishes significantly relative to the benchmark. It is also evident from Figure 5 that most of the
negative productivity effects of bankruptcies for team inventors subside five years after the

bankruptcy filing and then revert to pre-bankruptcy levels.

18 As an alternative way to capture the impact of bankruptcies on the economic value of innovation
produced by team inventors, we employ the variable Ln(Dollar value of patents) in a specification discussed
in Section 4.5. This measure is based on the stock market reaction to the announcement of new patent grants
and is therefore only available for publicly traded firms (see Kogan et al., 2017, for details). Despite the
differences in the sample, we observe effects that are qualitatively similar to our main tests reported in Table
5.
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The findings reported in Tables 3 to 5, and in Figure 5, complement prior evidence on the
effect of bankruptcies on human capital. Graham, Kim, Li, and Qiu (2022) report that after a
bankruptcy, manufacturing workers experience a large decline in wages. While we do not study
compensation, our results are indicative of more modest losses to human capital in the setting we
consider. An important difference is that while we focus on highly skilled, highly mobile workers,
Graham et al. study blue-collar workers for whom job loss may have more severe consequences.
A more fundamental difference between our findings and those of Graham, Kim, Li, and Qiu
(2022) is that we show that the losses are magnified for team-dependent workers, while
collaborative work is not analyzed in Graham et al. Our results also contrast with the findings in
the literature that uses co-inventor deaths to study the impact of a destruction of team-specific
human capital. Jaravel, Petkova, and Bell (2018) report that an inventor’s productivity is still lower
by 15 percent eight years after the death of a co-inventor. We find that inventor productivity is
significantly and persistently reduced after a bankruptcy; the magnitudes are economically
significant but smaller than in the case of the death of a co-inventor. The smaller losses faced by
team-dependent inventors in the aftermath of a bankruptcy suggest that, unlike in the case of
deaths, the labor market may play an important role in preserving productive team
configurations. We return to this point in Section 5, where we explicitly study the post-bankruptcy
joint reallocation of inventor teams.
4.4 Addressing inventor selection
A possible concern with our analysis is that firms that go bankrupt may employ inventors who
are very different from inventors in firms that do not experience a bankruptcy. For example,
inventors in firms that file for bankruptcy may be of worse quality than inventors in firms that are
not (yet) financially distressed; in that case, what is interpreted as a “bankruptcy effect” should
instead be attributed to selection. While bankruptcy events are not exogenous, there are several
reasons why selection alone is unlikely to be driving our results. First, as discussed in Section 3,
inventors exposed to bankruptcy are on average more productive than “never treated” inventors
(see Table 2), which is contrary to the view that inventors in bankrupt firms are simply of worse
quality. Further, regression estimates presented in Table 5, Panel A, show that—within the sample

of inventors experiencing bankruptcy —team inventors are more productive than inventors that
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tend to work alone. Second, the regressions reported in Table 5, Panel B, include inventor fixed
effects; these control for any time-invariant unobservable characteristics of inventors, including
differences in the ability of inventors employed by different firms or differences in the ability of
inventors with different levels of team-dependence. Third, we include technology class-by-year
fixed effects to account for the possibility that the value of inventor skills varies across technology
classes and time. This implies that we are not simply capturing the effect of technological
obsolescence, which may be associated with a reduction in productivity that would occur
independently of bankruptcy. Fourth, bankrupt firm-by-year fixed effects in our regressions in
Table 5, Panel B, alleviate concerns that firms that go bankrupt and those that are currently still
viable are fundamentally different from each other, and that these differences are driving our
results. When we employ this set of fixed effects, we are comparing cohorts of inventors who were
employed by the same bankrupt firm. Fifth, we focus on a sample of “eventually treated”
inventors; that is, all inventors in our sample experience a bankruptcy at some point in their
career, and they are thus similar along this dimension. Sixth, we do not observe a differential
trend in the productivity of team-dependent inventors before the year of the bankruptcy. The
relative drop in productivity of team-inventors occurs after the bankruptcy filing year, but not
before (Figure 5). Therefore, to explain our findings, any inventor selection mechanism would
have to take a rather specific and intricate form. Nevertheless, to further alleviate the concern that
the results might be driven by selection considerations, we conduct two additional tests which we
report below. While we report the results only for the variable Ln(Patents), to conserve space, we
obtain similar results using the variable Ln(Citations per patent).

To help rule out the concern that the (low) quality of inventors at firms going through
bankruptcy and that of inventors who work in teams could be biasing our estimates, we consider
a sample of “star inventors.” We define such inventors as follows. For all inventors in the dataset
(including inventors who never experience a bankruptcy), we calculate the total number of
patents granted over the period 1980 —2015. “Star inventors” are then defined as those that belong
to the top decile of inventors in terms of number of granted patents. If low quality inventors drove
some of the previously discussed effects, we would not expect our results to hold when we restrict

the sample to the set of the most productive inventors. On the other hand, if our results apply
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equally to all inventors (including the most productive inventors), then we are more likely
capturing a general “bankruptcy effect” rather than an effect attributable to heterogeneity in
inventor quality.”” The results are reported in column 1 of Table 6 and confirm our findings from
earlier tests. Star inventors who have co-authored a large share of their patent portfolio with other
inventors from the bankrupt firm experience a significant decrease in their innovation
productivity post-bankruptcy relative to star inventors that are less dependent on team
production.?’ This test also alleviates the concern that our results may be affected by the way we
infer inventor careers from their patenting activity. That is, our methodology could be adding
statistical noise to the estimates through the assumption that inventors switch firms at the
midpoint of two consecutive patent filings in different firms. Because “star” inventors effectively
file patents annually, this problem does not arise here.

We also conduct a test to address reverse causality concerns. It is conceivable that in our
setting the quality of inventors could be an important determinant of bankruptcy, especially for
firms that rely on innovation. In that case, a bankruptcy event would be the result of low inventor
quality and productivity. To alleviate this reverse causality concern, we focus on a set of firms for
which innovation is relatively less important: firms that have below median R&D per total assets
in our sample, measured three years prior to the bankruptcy filing (the sample median is 0.050).
For these low innovation intensity firms, it is unlikely that poor inventor performance was
responsible for the financial distress of the firm. The results are presented in column 2 of Table 6;
they show a similar pattern to those in Table 5, suggesting that this effect is unlikely to be driving
our findings.?!

In sum, we believe that the evidence presented suggests that the selection of inventor

teams is unlikely to be driving our main finding that team dissolution following the bankruptcy

19 We note that “star inventors” are over-represented in the sample as they tend to have long careers.

2 When estimating specification 1 with Ln(Citations per patent) as the dependent variable, we also observe
that star inventors experience a reduction in productivity after the bankruptcy; however, the coefficient on
the interaction between Post bankruptcy and Team dependence, while negative, is not significantly different
from zero. When defining star inventors as inventors in the top 50% of granted patents, however, we
observe statistically significant reductions in post-bankruptcy productivity using both productivity
measures, Ln(Patents) and Ln(Citations per patent).

21 Because we employ the variable assets (af) and R&D expenditure (xrd) from Compustat to select firms for
this sample, the firms included in these tests are public firms; thus, the sample size is reduced.
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is associated with a drop in productivity. However, we concede that we do not have a mechanism
to observe exogenous bankruptcies nor to assign inventors randomly to firms or teams. While we
acknowledge that our interpretation may not be the only possible interpretation of the results, we
believe that it represents the most plausible way to rationalize the full set of findings that we
document.

4.5 Additional robustness tests

In the main tests, we report coefficients of regression specifications that employ Ln(Patents) and
Ln(Citations per patent) as the dependent variables. These variables measure the quantity and
quality of inventor innovation, respectively. However, our results are robust to using other
measures of innovation output, such as Ln(Citations), defined as the natural logarithm of one plus
the total number of forward citations, and Ln(Dollar value of patents), defined as the natural
logarithm of one plus the cumulative dollar value of patents (in millions of nominal U.S. dollars)
that an inventor applies for in a given year. We report specifications using these two alternative
productivity measures in columns 3 and 4 of Table 6.

As we have seen in Table 5, bankruptcies are associated with a change in the structure of
research and development teams. Because this shock affects not only team stability but also other
aspects of the firm, the concern may arise that what we attribute to team-specific human capital
may instead be driven by firm-specific human capital. That is, while a bankruptcy may indeed
result in the breaking up of successful innovator teams, the reduction in inventor productivity
post-bankruptcy may primarily stem from a loss of firm-specific human capital experienced by
such inventors (e.g., the familiarity with firm-specific software or other complementarities
between the inventor and the organization’s assets). Moreover, because bankruptcies may lead to
the dissolution of the firm, organizational capital may also be lost around the time of the
bankruptcy filing (e.g., Eisfeldt and Papanikolau 2013).

We believe that our tests effectively separate the impact of the bankruptcy-induced
disruption to firm-specific human capital from the role played by team-specific human capital.
The average effect on innovation attributable to firm-specific human capital and organizational
capital is captured by the variable Post bankruptcy in our regressions. Furthermore, firm-specific

human capital or organizational capital that is shared by all inventors within the firm should not

31



affect our team variable, Team dependence. With this measure of team-specific human capital, we
are identifying the differential effect of team dissolution on productivity that is incremental to the
average effect of the bankruptcy-induced separation.

However, one may raise the concern that a higher value of Team dependence may itself
proxy for firm-specific human capital: inventors with longer tenure at a firm may be more likely
to co-author more with people at that firm; at the same time, those inventors may build up firm-
specific human capital. Indeed, the correlation between Team dependence and the years of tenure
of inventors in the bankrupt firm (variable Tenure) is small but positive (the correlation coefficient
is 0.25). To ensure that Team dependence is indeed a proxy for team-specific human capital and is
not capturing firm-specific human capital, we add to our regression the variable Tenure as a proxy
for firm-specific human capital, as well as its interaction with Post bankruptcy.?> The coefficient
estimate on the term Post bankruptcy x Tenure is negative (column 5 of Table 6), suggesting that
workers who have accumulated more firm-specific human capital may experience a larger
reduction in their productivity post-bankruptcy; however, the relevant coefficient is not
statistically significantly different from zero at conventional levels. Importantly, the coefficient on
Post bankruptcy x Team dependence remains statistically significant, with a magnitude similar to our
baseline test in Table 5.

In our main tests, we restrict the sample to inventors who experienced a bankruptcy at
some point during the period 1980 to 2015. This serves to alleviate concerns that firms that file for
bankruptcy and the inventors who work at these firms are fundamentally different from inventors
who never experience a bankruptcy. To show that our results are not driven by this choice of
sample, we also report estimates obtained when we use the entire population of inventors as a
comparison group. Because this group includes all inventors who were never employed by a firm
in the runup to bankruptcy (“never-treated inventors”), the number of observations increases
from about 160,000 to about eight million. The findings remain unchanged: the estimates in
column 6 of Table 6 show that after bankruptcy, the decline in inventor productivity is

concentrated among the group of inventors who had more team-specific human capital.

2 Note that our specification already includes fixed effects for inventor experience to account for the
(possibly non-linear) impact of inventor life cycle effects on productivity.

32



In our main sample, we define inventors as “treated” when they are employees of a
financially distressed firm in at least one of the three years preceding the bankruptcy (we provide
arguments for this sample selection procedure in Section 2.2). However, the results do not appear
to be sensitive to variations of this procedure. For example, in column 7 of Table 6, we report a
regression for our main test using an alternative procedure in which we define inventors as
“treated” if they are at the bankrupt firm one year prior to the bankruptcy filing.

Finally, we address the concern that our results are driven by the choice of regression
model (e.g., Cohn, Liu, and Wardlaw 2022). To address this concern, instead of a linear regression
model with a log-transformed outcome variable, we estimate a Poisson model with the non-
logged patent count as the dependent variable. The results are similar to our linear regression

estimates and are reported in column 8 of Table 6.°

5. Inventor careers after a bankruptcy

5.1 Inventor career terminations in the shadow of bankruptcy

The results in the previous section conditioned on inventors continuing to innovate post-
bankruptcy: an inventor is included in the sample only from the year of the first patent filing to
the year of the last patent filed. Yet, after a bankruptcy, some inventors may cease patenting
altogether. Our previous tests did not take this into account, and they may thus underestimate the
effect that bankruptcies have on inventors. Panel B of Table 1 reports the share of inventors who
remain active one to five years after a bankruptcy. Specifically, we report summary statistics for
Still inventing, a dummy variable that takes the value of one if an inventor continues to invent (i.e.,
continues to file patents) within a certain number of years after the bankruptcy filing. We observe
that there is a significant number of inventors that stop inventing in the years following the
bankruptcy event, with the survival rate steadily decreasing from 73% in the year after the
bankruptcy to around 50% in the fifth year after the event. If valuable team-specific human capital
is destroyed due to the bankruptcy, inventors who are more dependent on teams may be

especially prone to leave the profession. We study this question in this section.

2 We note that all other specifications reported in Tables 3, 5, 8, and 9 are also robust to being estimated
with a Poisson model using a simple patent count as the dependent variable.
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We estimate a linear probability model in which each inventor is only included in the
sample once; the sample focusses on “treated” inventors. The outcome variable is Still inventing.
The regressions include bankruptcy firm fixed effects as well as technology class fixed effects.
Further, we include fixed effects for the number of an inventor’s active years at the time of the
bankruptcy filing, which account for the fact that older inventors may be more likely to stop
inventing than young inventors.?* We report the results in Table 7.

We find that more team-reliant inventors are less likely to continue to invent after
bankruptcy than less team reliant inventors. The magnitude of this effect diminishes the more
time passes after the bankruptcy, perhaps because team breakup occurs soon after bankruptcy
(see Table 4) and new team capital from new work relationships is built up over time. Figure OA.1
in the Online Appendix provides a visual representation of these results. The economic magnitude
of this effect is considerable. For example, two years after the bankruptcy, inventors that only
patent in teams are twelve percentage points less likely to remain active; relative to the average
inventor affected by the bankruptcy, this constitutes an 18 percent lower two-year survival rate.
These findings confirm the importance of team-specific human capital for the post-bankruptcy
careers of inventors: the share of patents co-authored with other inventors at the bankrupt firm
positively affects the probability that the inventor stops inventing post-bankruptcy.?

5.2 Bankruptcy outcomes, team stability, and post-bankruptcy productivity

In the analysis presented so far, we have grouped together all bankruptcy events. However, the
preservation of collaborative arrangements and the productivity of inventors may depend on the
outcome of the bankruptcy. In this section, we investigate whether different bankruptcy
resolutions affect the stability of inventor teams as well as their post-bankruptcy output. In these
tests we focus on a sample that includes all initial Chapter 11 filers for whom we can find

conclusive information on the outcome of the bankruptcy. We distinguish the following

2+ In these specifications, we do not control for inventor fixed effects because such variables would absorb
the cross-sectional variation of interest.

%5 As a caveat, it should be noted that patenting activity may not be a sufficient statistic for the productivity
of inventors. That is, it is possible that inventors affected by bankruptcy do not stop inventing, but only stop
patenting, choosing to protect their innovation with secrecy instead. While this is in principle consistent
with the tests reported in Table 7, it is not obvious why the patenting-secrecy trade-off should be affected
by the bankruptcy of the employer or by the level of an inventor’s pre-bankruptcy team dependence.
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outcomes: exit as an independent firm; acquisition by an industrial firm; acquisition by a financial
firm (that is, a private equity deal); and liquidation. To examine whether different bankruptcy
outcomes affect team stability differently, we enhance the specifications reported in Table 4 with
interactions with dummy variables that capture these different bankruptcy outcomes. Similarly,
to measure whether different outcomes affect the post-bankruptcy productivity of team inventors
differently, we enhance the specifications reported in Panel B of Table 5 by interacting Team
dependence * Post bankruptcy with dummy variables that capture the bankruptcy outcomes; we
report these tests in Table 8.

First, we test whether inventors whose firms are eventually liquidated because of the
bankruptcy experience a more severe disruption to their teams and their innovation activity.
Because liquidations may lead to an abrupt stoppage of all firm activities, the productivity of
inventors may be most negatively affected in those cases, especially when their output is
dependent on tightly-knit collaborations. To assess the extent to which liquidations affect team
stability, in column 2 of Table 4, we examine whether the probability of being employed in the
same firm as the coauthors from four years before is lower in the case of liquidation. Overall, the
estimates suggest that liquidations are indeed associated with a considerably higher likelihood of
team break-up than other outcomes of the bankruptcy. An inventor of a liquidated firm is about
30 percentage points less likely to be working with at least 75% of the team from four years prior
than when a bankruptcy does not result in a liquidation. This negative effect on team stability is
more than twice as large as in the case of other bankruptcy outcomes. In turn, team-dependent
inventors of liquidated firms experience roughly double the average productivity losses following
the bankruptcy (see columns 1 and 2 in Table 8).

When firms are not liquidated as a result of a bankruptcy there are several potential
continuation outcomes. After reorganizing itself, the firm may re-emerge as an independent
corporation, or it may be acquired by a financial or a strategic buyer. These outcomes may also
influence the degree to which inventors continue to collaborate with their colleagues and,
ultimately, their productivity. We test whether different continuation outcomes affect the stability
of inventor teams, in columns 3 to 5 of Table 4. Being acquired by a strategic buyer is associated

with a lower likelihood of team break-up (column 5). Consistent with the view that team stability
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is a key determinant of post-bankruptcy productivity of team-reliant inventors, in Table 8, we
observe that the negative consequences of the bankruptcy for inventors that work in teams are
non-existent when the bankruptcy-filing firm is acquired by a strategic buyer (columns 7 and 8 in
Table 8). This suggests that acquisitions facilitate the preservation of human capital that is specific
to teams. There appears to be no conclusive differential effect on team stability and post-
bankruptcy productivity when firms emerge as independent entities after restructuring or when
they are acquired by a financial buyer (columns 3 and 4 in Table 4, and columns 3 to 6 in Table 8).
5.3 Mobility restrictions and productivity: evidence from non-compete clauses
Contractual restrictions that make it difficult for inventors to move freely across firms may
prevent productive combinations of inventors to continue to collaborate in the aftermath of the
bankruptcy event. One important type of mobility restrictions, which are prevalent in labor
contracts, is non-compete clauses. These clauses are contractual restrictions in employment
contracts aimed at limiting an employee’s ability to work for a competing firm or to start a
competing business. The extent to which these clauses are enforceable differs across U.S. states
(for a recent discussion, see Jeffers 2022). This allows us to exploit variation in the degree of
enforceability of non-compete clauses across U.S. states.?

We employ a time-varying state-level index measuring the extent to which non-compete
clauses are enforced by courts in each U.S. state. To cover our whole sample period, we combine
three sources which construct indices using the same methodology. Garmaise (2011) pioneered

the construction of an index of the state-level enforceability of non-compete agreements (NCA);

% How are non-compete agreements handled in bankruptcy? Employment contracts are so-called
“executory contracts” that can be assumed or rejected by the debtor in a bankruptcy case, subject to
bankruptcy court approval and certain other conditions. If the employment contract is assumed, then the
employee is still bound by the conditions in the contract, including covenants not to compete. However,
noncompetition agreements (NCA) may also “survive” rejection of the contract; whether they do is subject
to bankruptcy court ruling. The court will have to consider that a failure to enforce such clauses, even in a
rejected contract, may adversely affect a debtor’s ability to reorganize or sell the business. However,
bankruptcy courts—as courts of equity —may choose to protect the employees, then voiding the NCA in
rejected employment contracts. While in Chapter 11 cases NCA are often still enforced even when the
employment contract is rejected by the debtor, in Chapter 7 cases, noncompetition clauses are less likely to
survive rejection. In sum, whether NCA are still binding in bankruptcy depends on several factors. Despite
this, in our view, the idiosyncratic treatment of NCA will not bias our results, but it may make some of the
estimates less precise. Please see Gretchko and Todhunter (2012) for more details on the treatment of NCA
in bankruptcy.
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that index covered the years from 1992 to 2004. Bird and Knopf (2015) extend his index from 1992
back to 1976, while Kini, Williams, and Yin (2021) extend the index from 2004 to 2014. The index
ranges from zero in states where noncompetition clauses are not enforced at all (e.g., California),
to nine in states that exhibit the strongest enforceability of such clauses (e.g., Florida). Because we
are primarily interested in a comparison of effects between high and low enforcement U.S. states
(rather than in the effect of marginal changes in NCA enforcement), we compare effects in states
above and below the sample median of the index. The indicator variable Strong NCA enforcement
takes the value of one in states in which the non-compete enforcement index is greater or equal
than five (the sample median).

First, we study how the enforceability of NCA affects team stability. We enhance the
baseline specification in Table 4 with interactions with the variable Strong NCA enforcement. A
priori, it is not clear how NCA should affect team stability. While they reduce individual inventor
mobility (e.g., Marx, Strumsky, and Fleming 2009), resulting in inventor teams being kept together
by being “stuck” at the restructuring firm, such agreements also hinder the ability of productive
teams to move to different employers. The coefficients are reported in column 6 of Table 4. We
find that strong enforcement of NCA results in a significant reduction in the stability of teams
around bankruptcy events, compared to states with weaker non-compete enforcement.

In Table 9, we test whether the productivity of team-dependent inventors is more
negatively affected by a bankruptcy when the inventor is employed in a state with high
enforceability of non-compete clauses at the time of bankruptcy. In columns 1 and 2, we focus on
inventors located in states with below median enforcement (Strong NCA enforcement is zero), while
in columns 3 and 4, the sample includes inventors located in states with above median
enforcement (Strong NCA enforcement is one). An interesting picture emerges. Across both
measures of inventor productivity, restrictions to inventor mobility are associated with deeper
drops in productivity after a bankruptcy. The point estimates on the coefficient Post bankruptcy x
Team dependence are statistically significantly different from each other across the two labor market
regimes, as can be seen in columns 5 and 6 of Table 9. In particular, in the specifications reported

in columns 5 and 6, we interact our measure of team-dependence with Post bankruptcy and the
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dummy variable Strong NCA enforcement; the coefficient on this interaction term is negative and
statistically significant.

These tests also help to address the concern that some of the best individual inventors as
well as the best teams of inventors may have left the financially distressed firm by the time it files
for bankruptcy (along the lines of Baghai, Silva, Thell, and Vig 2021). In that case, what we
interpret as an impact of bankruptcies and team dissolution on inventor productivity may instead
be driven by the type of teams that decide to remain in the firm until close to the bankruptcy filing
date.?” The concern that the best may have endogenously chosen to abandon the firm early is
diminished in the sample of inventors located in states where non-compete clauses are enforced,
because the best inventors and the best teams are precisely the type of employees that are likely
to have a non-compete clause in their employment contract. The fact that our results hold in the
case of inventors who have contractual impediments to leaving the firm (see columns 3 and 4 in
Table 9) increases our confidence that our findings are not driven by selection.

5.4 Are well-established and productive inventor teams more likely to co-locate post-

bankruptcy?
Considering the role played by team-specific human capital as a determinant of the post-
bankruptcy productivity of inventors, it is natural to ask whether the labor market recognizes the
value of teams in the sense that more productive team configurations tend to be retained post-
bankruptcy. Because inventor productivity is enhanced in the case of joint mobility, one may
expect the labor market to attempt to preserve the valuable team-specific human capital, resulting
in inventors being hired in groups, instead of individually.

To shed light on this question, we proceed as follows. First, for each bankruptcy event, we

create all possible pairs of inventors that (i) are employed by the firm in at least one of the years

77 Note that this effect would likely lead us to underestimate the “true” effect of team-specific human capital
on post-bankruptcy productivity. If good inventors abandon the sinking ship early, yet team-specific
human capital is valuable, then good team-reliant inventors would be more likely to stay than good non-
team inventors. This would imply that our tests in Table 5 would be comparing good team-reliant inventors
(who may suffer less from team breakup than the average inventor) to bad non-team reliant inventors,
suggesting that the actual effect from team dissolution may be bigger absent this selection issue.
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t-3 to t-1 relative to the bankruptcy and that (ii) remain active post-bankruptcy.?® We then
construct the variable Pair co-dependence, a pairwise measure of team-specific human capital, by
calculating the share of patents of the pair that is co-authored by its constituent members up to
the year prior to the bankruptcy. We also create an alternative measure of the economic value of
collaborations at the level of inventor pairs: Pair average citations is the average number of citations
obtained by the patents (filed until one year prior to bankruptcy) co-authored by the inventor
pair. We use these measures to test whether inventors who work closely together in the firm pre-
bankruptcy are more likely to move together to a new employer post-bankruptcy. In these tests,
each inventor pair enters the sample once and the dependent variable of interest, Move together, is
an indicator that takes the value of one if the firm to which the two inventors move after the
bankruptcy is the same for both inventors in the pair.

Consistent with the conjecture that the labor market recognizes the importance of team-
specific human capital, in Table 10, we find that in cases where co-authorships are important,
inventors are indeed more likely to move together to the same firm after the bankruptcy. In terms
of magnitude, the coefficient reported in column 1 implies that a one-standard deviation increase
in Pair co-dependence for the average inventor pair would roughly result in a doubling of the co-
location likelihood, relative to the sample mean. Columns 2 to 4 enhance the regression
specification with additional explanatory variables: the dummy variable Strong NCA enforcement,
in specification 2; a dummy variable indicating that a given inventor pair worked in a firm that is
acquired by an industrial firm post-bankruptcy in specification 3; and a dummy variable
indicating that a given inventor pair worked in a firm that is later liquidated post-bankruptcy in

specification 4.2 Consistent with non-compete agreements limiting inventor mobility, we find

% For example, a firm with four inventors has six possible inventor pairs. The dataset we construct is thus
at the pair level with one observation for each inventor pair. Each inventor may have several pairings with
other inventors, but each pair only appears once in our data. For example, if A-B is in the dataset, then B-A
will be excluded from our data (but inventor A may be in other pairings which are included in the data,
such as A-C and A-D).

2 The dataset underlying the tests in Table 10 has as its unit of observation an inventor pair. Inventors that
work for the same firm may be subject to different enforceability of non-compete agreements, depending
on the state where their work unit is located. That is, in our data, two inventors of the same firm may work
at different subsidiaries (patent assignees) which are located in different states; if they do, we assign to the
inventor pair the highest of the two non-compete enforcement indices in a given year.

39



that stricter enforcement of non-compete agreements in a given state reduces the likelihood of
inventors co-locating to a different firm post-bankruptcy. The regressions reported in Table 10
(specifically, coefficients in columns 3 and 4) also show that an acquisition by an industrial buyer
increases the likelihood of inventor colocation, while a liquidation of the bankrupt firm reduces
the chance of inventors working together post-bankruptcy. In all specifications, the coefficient on
the variable Pair co-dependence is positive and significant, suggesting that team inventors are more
likely to co-locate.

The variable Pair co-dependence primarily measures the extent of teamwork by a pair of
inventors, but it may not capture well the importance and impact of that work. Two inventors
who patent all their patents together will be assigned the highest value of Pair co-dependence, even
if the patents they produce are of little value. To better capture the ability of the labor market to
maintain productive team configurations, we employ an alternative measure of pairwise
productivity. In columns 5 to 8 of Table 10, instead of Pair co-dependence, we use the variable Pair
average citations, which uses patent citations to measure the average quality of the patents jointly
produced by each inventor pair. The results are qualitatively similar to those reported in columns
1 to 4. In sum, the tests in Table 10 show that the likelihood of two inventors moving together to
a new employer post-bankruptcy is increasing in the intensity and importance of the pre-

bankruptcy collaborations of these inventors.

6. Conclusion

We analyze the impact of corporate bankruptcies on the allocation of resources and the
organization of production by tracking the careers and productivity of inventors employed by
firms that file for bankruptcy. Many economists highlight the role of general and firm-specific
human capital as determinants of productivity (e.g., Becker 1975; Topel 1991). Our study provides
evidence that another important aspect to consider in the context of knowledge-intensive tasks,
such as innovation, is the existence of complementarities that do not span the entire firm, but that
occur at the team level, giving rise to team-specific human capital.

We find that team stability (or lack thereof) is a crucial factor in determining whether there

is more knowledge creation than destruction when human capital is reallocated through
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bankruptcy. When teams are dissolved and inventors that had previously worked together part
ways, innovation decreases. Our findings also point to the existence of market forces that promote
and preserve the stability of productive teams. We document that the labor market for inventors
takes the importance of teams into account: inventors with strong complementarities (as
measured by the quantity and quality of their past joint output) are more likely to be hired
together. However, contractual restrictions on employee mobility constitute labor market frictions
that hinder the reallocation of productive teams. We also find that acquisitions play an important
role in maintaining productive team constellations. Our results highlight the importance of team-
specific human capital for the production of knowledge and suggest that the market for corporate
control and the labor market promote the efficient continuation of well-attuned inventor teams

after bankruptcies.
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Figure 1: Corporate bankruptcies over time

This figure reports the frequency of corporate bankruptcies by year from 1980 to 2015, as they occur in
our sample. Information on bankruptcy filings is from the UCLA-LoPucki Bankruptcy Research
Database and the New Generation Research bankruptcy database.
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Figure 2: Corporate bankruptcies across industries

This figure shows the distribution of corporate bankruptcies by industry between 1980 and 2015, as
they occur in our sample. The industry classification reflects the Cooperative Patent Classification
(CPC) technology class and is based on the modal patent class for each bankrupt firm. Information on
bankruptcy filings is from the UCLA-LoPucki Bankruptcy Research Database and the New Generation
Research bankruptcy database.
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Figure 3: Team production in corporate innovation over time

This figure shows the evolution of the average number of co-authors per patent between 1976 and
2020. The data are from the PatentsView database.
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Figure 4: Firm characteristics as firms approach bankruptcy

This figure shows how firm characteristics evolve prior to the bankruptcy filing. We first estimate the
following OLS regression model:
Yo = a + Treated; - Tff + W + €5,

We then plot the coefficients  associated with the interaction between Treated (a dummy variable
taking the value of one for firms that file for bankruptcy between 1980 and 2015) and the event-time
dummies included in matrix T; we include dummies for the years t-4, t-3, t-2, t-1, t0 (bankruptcy year)
relative to the bankruptcy event. These event-time dummies always take the value of zero for firms
that do not file for bankruptcy during the period 1980 — 2015. We require “treated” firms to be present
in the sample at time f-5 and exclude any observations after year f0. Y is the return on assets
(Compustat items ebitda divided by at) in Panel A; Leverage (defined using Compustat items (dltt +
dic)/at) in Panel B; Firm size in Panel C (measured as the log of total assets, Compustat item at); and
Number of inventors, the total number of inventors employed by a given firm in a given year, in Panel
D. The matrix of controls ¥ includes firm fixed effects and industry (SIC 4-digit)-by-year fixed effects.
The sample of non-treated firms consists of all listed companies in Compustat that have patented at
least one patent during 1980 to 2015 (our sample period). The 95% confidence bounds are calculated
using standard errors clustered at the firm level.
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Figure 5: Team-dependence and inventor productivity around corporate bankruptcies

This figure shows the impact of disruptions to team-specific human capital on the evolution of
inventors' productivity around bankruptcy events. We first estimate the following OLS regression
model:
Yo = a + T/ B + Team dependence; - T/6 + ¥ + €;5,

We then plot the coefficients 8 associated with the interaction between Team dependence and the event-
time dummies included in matrix T; we include dummies for the years t-10, t-9, ...t-3, t-2, t0 (the
bankruptcy filing year), t+1, t+2, t+3, ...t+10 relative to the bankruptcy event. The dummy for the year
prior to the bankruptcy filing year, t-1, is the baseline and omitted from the specification (interaction).
As dependent variables, Y, we employ Ln(Patents) in Panel A, Ln(Citations per patent) in Panel B,
Ln(Citations) in Panel C, and Ln(Dollar value of patents) in Panel D. The sample is restricted to “treated”
inventors. We require inventors to be present in the sample at time t-10 and exclude any observations
after year t+10. The matrix of controls ¥ includes inventor fixed effects, bankruptcy firm-by-year fixed
effects, technology class-by-year fixed effects, and inventor experience fixed effects. The 95%
confidence bounds are calculated using standard errors clustered at the bankruptcy firm level.

Panel A. Ln(Patents) Panel B. Ln(Citations per patent)
[op I < 4
o “
o\,

A

-4-3-2-10

[

-1

L L L L L L
0-86-4-202 46 810

Panel C. Ln(Citations)

4
L
4

o —TTTT_T§ T—_TT o
ifﬁifﬁ iﬁruhiﬁi °
g St

1 [

-10-8-6-4-20 2 4 6 810 -10-8-6-4-20 2 4 6 810
Years since bankruptcy

49



Table 1: Summary statistics

This table shows summary statistics for the variables used in the regressions reported in Tables 3 to
10. The variable definitions are reported in the Appendix.

Panel A: Summary statistics for variables used in Tables 3, 4, 5, 6, 8, and 9

Obs. Mean Std. dev.
Ln(Patents) 162,338 0.390 0.549
Ln(Citations per patent) 162,338 0.799 1.284
Ln(Citations) 162,338 0.943 1.502
Ln(Dollar value of patents) 81,276 0.772 1.284
Years of experience 162,338 11.679 8.084
Post bankruptcy 162,338 0.361 0.480
Team dependence 162,338 0.486 0.425
Tenure 162,338 6.757 5.108
Change tech. class 162,338 0.290 0.454
t0 162,338 0.065 0.247
t1 162,338 0.060 0.237
t2 162,338 0.054 0.226
t3 162,338 0.049 0.216
t4 162,338 0.043 0.203
t5plus 162,338 0.155 0.362
t3plus 162,338 0.247 0.431
Noncompete enforcement index 158,063 3.932 2.020
Strong NCA enforcement 158,063 0.595 0.491
Independent exit 140,424 0.602 0.489
Acquisition by financial buyer 140,424 0.048 0.214
Acquisition by strategic buyer 140,424 0.112 0.315
Liquidation 140,424 0.275 0.446
Remain together 127,983 0.546 0.498
Past generality 111,700 0.578 0.257
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Panel B: Summary statistics for variables used in Table 7

Obs. Mean  Std. dev.
Still inventing (1) 12,089  0.729 0.444
Still inventing (2) 12,089  0.668 0.471
Still inventing (3) 12,089  0.608 0.488
Still inventing (4) 12,089  0.551 0.497
Still inventing (5) 12,089  0.498 0.5
Team dependence 12,089  0.497 0.441

Panel C: Summary statistics for variables used in Table 10

Obs. Mean Std. Dev.
Move together 2,155,490 0.010 0.098
Pair co-dependence 2,155,490 0.001 0.022
Pair average citations 2,155,490 0.141 4.017
Strong NCA enforcement 2,154,562 0.923 0.266
Acquisition by strategic buyer 2,145,461 0.011 0.104
Liquidation 2,145,461 0.630 0.483
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Table 2: Comparing inventors in bankruptcy firms to other inventors

In this table, we compare the pre-bankruptcy characteristics of “treated” inventors (those employed at
a firm in one of the three years prior to the bankruptcy filing year) and the characteristics of “never
treated” inventors (inventors that are never employed at a firm in one of the three years prior to the
bankruptcy year) with at least two years of patenting experience between 1980 and 2015. Panel A
reports the distribution of CPC technology classes in which the two groups of inventors file patents
(observations are at the inventor-year level). Patents are assigned to eight CPC classes: (i) human
necessities; (ii) performing operations, transporting; (iii) chemistry, metallurgy; (iv) textiles, paper; (v)
fixed constructions; (vi) mechanical engineering, lighting, heating, weapons, blasting engines or
pumps; (vii) physics; and (viii) electricity. We classify patenting activity by technology class for each
inventor and year (if an inventor patents in different classes in a year, we consider the modal class of
the patents in that year). Panel B reports characteristics of the two groups of inventors. Patents,
Citations, Citations per patent measure productivity at the inventor-year level; they correspond,
respectively, to the number of patents filed by an inventor (until 2015), the number of forward citations
received by these patents (until 2020), and the number of forward citations divided by the number of
patents filed in a year. The other variables are constructed at the inventor level. Lifetime patents is the
total sum of patents filed by an inventor between 1980 and 2015; Lifetime citations is the total number
of forward citations (until 2020) generated by these patents filed until 2015; Inventor ranking (patents)
and Inventor ranking (citations) are, respectively, the percentile ranking of an inventor by number of
patents filed, and a ranking by the number of citations received by these patents (citations are
considered until 2020). Active years is the number of years that an inventor has patent filings (between
1980 and 2015). Inventors per patent is the average number of inventors per patent for each inventor
across sample years (a measure of team size).

Panel A: Technology classes

Never-treated Treated

Observations  Percentage Observations  Percentage
Necessities 1,306,626 16.4% 10,484 7.9%
Transport 1,200,585 15.1% 28,556 21.5%
Chem./Metal. 999,554 12.6% 16,908 12.7%
Textiles 67,323 0.8% 2,041 1.5%
Construction 277,627 3.5% 3,705 2.8%
Mech. Engineering 574,309 7.2% 17,521 13.2%
Physics 2,032,280 25.5% 28,224 21.2%
Electricity 1,497,094 18.8% 25,648 19.3%
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Panel B: Inventor characteristics

Never-treated Treated

Observations  Mean Std. Dev. Observations  Mean Std. Dev.
Patents 7,957,055 0.673 1.641 133,087 0.753 1.815
Citations 7,957,055 14.661 97.572 133,087  18.621 101.105
Citations per patent 7,957,055 8.251 36.154 133,087 9.724 37.079
Lifetime patents 658,187 7.332 14.228 12,147  11.694 19.294
Lifetime citations 658,187 156.634 819.62 12,147 229.055 938.693
Inventor ranking (patents) 658,187  68.971 21.965 12,147  79.505 17.178
Inventor ranking (citations) 658,187  63.399 27.149 12,147  73.952 21.611
Active years 658,187  10.096 7.597 12,147 14931 8.252
Inventors per patent 658,187 3.323 1.982 12,147 3.230 1.411
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Table 3: Post-bankruptcy productivity of inventors

Panel A of this table reports coefficients from regression models examining how individual inventor
productivity evolves after bankruptcy. Inventor productivity is measured using Ln(Patents) in columns
1 and 3, and Ln(Citations per patent) in columns 2 and 4. Post bankruptcy is an indicator variable that
takes the value of one in the years after the bankruptcy, and zero otherwise. t0, t1, t2, t3, t4, and t5plus
are event time dummy variables that identify, respectively, the year of the bankruptcy, the year after
the bankruptcy, year two after the bankruptcy, year three after the bankruptcy, year four after the
bankruptcy, and the period of year five post-bankruptcy and beyond. Panel B reports coefficients from
regression models examining how individual inventor productivity evolves after bankruptcy for
inventors that change technology class (columns 1 and 2), and how productivity evolves after
bankruptcy for inventors with different endowments of general skills. Change tech. class is a dummy
variable that takes the value of one if the inventor’s main technology class in the period from the year
of the bankruptcy filing to the third year post bankruptcy is different from that inventor’s main
technology class in the last year prior to the bankruptcy. Past generality is the average “generality” of
all patents filed by the inventor prior to bankruptcy; the generality of patents is a measure obtained
from the NBER patent dataset. Standard errors are clustered at the bankruptcy firm level. Statistical
significance at 1%, 5%, and 10% is market with ***, ** and *, respectively.

Panel A
(1) ) 3) @
Ln(Patents) Ln(Citations Ln(Patents) Ln(Citations
per patent) per patent)
Post bankruptcy -0.039** -0.031
(0.017) (0.024)

t0 -0.030*** -0.057*

(0.010) (0.023)
t1 -0.043*** -0.046*

(0.013) (0.024)
t2 -0.048*** -0.059**

(0.015) (0.026)
t3 -0.064** -0.063*

(0.026) (0.033)
t4 -0.061 -0.056

(0.037) (0.054)
t5plus -0.074 -0.088

(0.047) (0.065)
Technology class-by-year F.E. Yes Yes Yes Yes
Years of experience F.E. Yes Yes Yes Yes
Inventor F.E. Yes Yes Yes Yes
Observations 162,338 162,338 162,338 162,338
Adjusted R? 0.322 0.283 0.322 0.283
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Panel B

(1) 2) 3) 4)
Ln(Patents) Ln(Citations Ln(Patents) Ln(Citations
per patent) per patent)
Post bankruptcy -0.064*** -0.059** -0.058** -0.094*
(0.021) (0.027) (0.026) (0.050)
Post bankruptcy * Change tech. class ~ 0.079™* 0.085***
(0.013) (0.022)
Post bankruptcy * Past generality 0.017 0.056
(0.031) (0.057)
Technology class-by-year F.E. Yes Yes Yes Yes
Years of experience F.E. Yes Yes Yes Yes
Inventor F.E. Yes Yes Yes Yes
Observations 162,338 162,338 111,698 111,698
Adjusted R? 0.323 0.283 0.322 0.283
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Table 4: Team stability after bankruptcies

This table reports coefficients from regressions that study team stability after corporate bankruptcies.
The dependent variable is Remain together, a measure of team stability across inventors and over time.
This dummy variable is equal to one if the percentage of an inventor’s co-authors from four years prior
to any given year ¢, i.e., at -4, that are still employed together in year ¢, is larger than 75%; that is, the
dummy is one if more than three quarters of the team remains in place. 0, t1, {2, and t3plus are event
time dummy variables that identify, respectively, the year of the bankruptcy, the year after the
bankruptcy, year two after the bankruptcy, and the period of year three post-bankruptcy and beyond.
In columns 2 - 5, the event time dummies are interacted with the following dummy variables that
indicate the post-bankruptcy outcomes: Liguidation (a firm that files for Chapter 11 is subsequently
liquidated), Independent exit (a firm that files for Chapter 11 subsequently exits bankruptcy as an
independent firm), Acquisition by strategic buyer (a firm that files for Chapter 11 is subsequently
acquired by an industrial (non-financial) firm); and Acquisition by financial buyer (a firm that files for
Chapter 11 is subsequently acquired by a financial (private equity) firm). In specification 6, the event
time dummies are interacted with Strong NCA enforcement, a dummy variable taking the value of one
in U.S. states in which the non-compete enforcement index takes a value greater or equal than five (the
sample median); for a more detailed description of this variable see Table 9 and Section 5.3. All
variables and the sample construction are detailed in Section 2 of the paper and in the Appendix.
Standard errors are clustered at the bankruptcy firm level. Statistical significance at 1%, 5%, and 10%
is market with ***, ** and *, respectively.

™ ) ©) (4) () (6)

Remain together

t0 -0.202**  -0.136* -0.331** -0.218** -0.235** -0.123**
(0.084) (0.070) (0.151) (0.097) (0.100) (0.055)
t1 -0.247*** -0.198** -0.386** -0.283*** -0.306™* -0.146**
(0.090) (0.065) (0.160) (0.100) (0.102)  (0.063)
t2 -0.149  -0.107 -0.249 -0.199* -0.211*  -0.041
(0.103)  (0.081) (0.195) (0.116) (0.120) (0.074)
t3plus 0.040  0.096 -0.065 0.009 -0.011  0.119*
(0.097) (0.082) (0.195) (0.112) (0.115) (0.071)
t0 * Liquidation -0.317*
(0.164)
t1 * Liquidation -0.314*
(0.166)
t2 * Liquidation -0.298
(0.199)
t3plus * Liquidation -0.340*
(0.187)

Table continued on next page

56



Table continued from previous page

t0 * Independent exit 0.182
(0.159)
t1 * Independent exit 0.172
(0.158)
t2 * Independent exit 0.104
(0.189)
t3plus * Independent exit 0.131
(0.181)
t0 * Acquisition by financial buyer -0.010
(0.118)
t1 * Acquisition by financial buyer 0.038
(0.128)
t2 * Acquisition by financial buyer 0.224
(0.177)
t3plus * Acquisition by financial buyer 0.139
(0.145)
t0 * Acquisition by strategic buyer 0.145
(0.129)
t1 * Acquisition by strategic buyer 0.234*
(0.124)
t2 * Acquisition by strategic buyer 0.218
(0.133)
t3plus * Acquisition by strategic buyer 0.225**
(0.110)
t0 * Strong NCA enforcement -0.137*
(0.082)
t1 * Strong NCA enforcement -0.169**
(0.077)
t2 * Strong NCA enforcement -0.190**
(0.082)
t3plus * Strong NCA enforcement -0.129*
(0.066)
Inventor F.E. Yes Yes Yes Yes Yes Yes
Technology class-by-year F.E. Yes Yes Yes Yes Yes Yes
Years of experience F.E. Yes Yes Yes Yes Yes Yes
Observations 127,465 108,956 108,956 108,956 108,956 121,730
Adjusted R? 0.349 0372 0363  0.360  0.362 0.348
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Table 5: Team dependence and the post-bankruptcy productivity of inventors

This table reports coefficients from regressions that examine the impact of team dependence on
inventor productivity after bankruptcy; productivity is measured using Ln(Patents) and Ln(Citations
per patent). Post bankruptcy is an indicator variable that takes the value of one in the years after
bankruptcy, and zero otherwise. Team dependence is a measure of the team-specific human capital
accumulated at the financially distressed firm by a given inventor. {0, t1, {2, t3, t4, and t5plus are event
time dummy variables that identify, respectively, the year of the bankruptcy, the year after the
bankruptcy, year two after the bankruptcy, year three after the bankruptcy, year four after the
bankruptcy, and the period of year five post-bankruptcy and beyond. All variables and the sample
construction are detailed in Section 2 of the paper and in the Appendix. Standard errors are clustered
at the bankruptcy firm level. Statistical significance at 1%, 5%, and 10% is market with ***, **, and *,
respectively.

Panel A
1) (2) ©) )
Ln(Patents) Ln(Citations Ln(Patents) Ln(Citations
per patent) per patent)
Post bankruptcy -0.045%** -0.047** -0.016 -0.001
(0.016) (0.023) (0.014) (0.024)
Team dependence 0.029 0.049 0.053** 0.088*
(0.022) (0.035) (0.024) (0.043)
Post bankruptcy * Team dependence -0.061*** -0.099***
(0.013) (0.031)
Bankruptcy firm F.E. Yes Yes Yes Yes
Technology class-by-year F.E. Yes Yes Yes Yes
Years of experience F.E. Yes Yes Yes Yes
Observations 164,456 164,456 164,456 164,456
Adjusted R? 0.111 0.178 0.112 0.179
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Panel B

D 2) @) 4)
Ln(Patents) Lp?f;i:ﬁgs Ln(Patents) Lgf;zzggs
Post bankruptcy * Team dependence -0.047%** -0.104**
(0.015) (0.041)

t0 * Team dependence -0.024* -0.138***

(0.014) (0.038)
t1 * Team dependence -0.020 -0.075

(0.014) (0.056)
t2 * Team dependence -0.072%** -0.187***

(0.013) (0.044)
t3 * Team dependence -0.070*** -0.192%**

(0.020) (0.047)
t4 * Team dependence -0.074*** -0.165***

(0.021) (0.055)
tSplus * Team dependence -0.044* -0.092*

(0.024) (0.054)
Bankruptcy firm-by-year F.E. Yes Yes Yes Yes
Technology class-by-year F.E. Yes Yes Yes Yes
Inventor F.E. Yes Yes Yes Yes
Years of experience F.E. Yes Yes Yes Yes
Observations 157,950 157,950 157,950 157,950
Adjusted R? 0.355 0.344 0.355 0.345
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Table 6: Team dependence and the post-bankruptcy productivity of inventors: robustness tests

This table examines the robustness of the impact of team dependence on inventor-level productivity after bankruptcy. Post bankruptcy is an
indicator variable that takes the value of one in the years post-bankruptcy, and zero otherwise; it also takes the value of zero for inventors
who never experienced bankruptcy (column 6). Team dependence is a measure of the team-specific human capital accumulated at the financially
distressed firm. In specification 1, the sample focusses on “star inventors,” that is, inventors that belong to the top decile of inventors in terms
of number of granted patents during the 1980 to 2015 period. In specification 2, the sample focusses on a subset of public firms that have
below median R&D per total assets (Compustat items xrd/at), measured three years prior to the bankruptcy filing. The regression
specifications 3 and 4 employ as dependent variables Ln(Citations) and Ln(Dollar value of patents), respectively. In specification 5, an inventor's
tenure (in years) at the bankrupt firm and its interaction with Post bankruptcy is added to the regression model. In specification 6, we include
in the control group all inventors who have not experienced bankruptcy during the sample period. The sample underlying specification 7
consists of all inventors who worked at a bankrupt firm in the year prior to the bankruptcy filing. Finally, column 8 reports coefficients from
a Poisson regression model. All variables and the sample construction are detailed in Section 2 of the paper and in the Appendix. Standard
errors are clustered at the bankruptcy firm level. Statistical significance at 1%, 5%, and 10% is market with ***, **, and *, respectively.

ey () ®) (4) ©) (6) 7) ®)
Ln(Patents) Ln(Patents) Ln(Citations) Ln(()[f)lc:);l:n\;:)l ue Ln(Patents) Ln(Patents) Ln(Patents) Patents
Post bankruptcy * Team dependence -0.076™* -0.054*** -0.137%** -0.240*** -0.045*** -0.043*** -0.066*** -0.295%**
(0.031) (0.016) (0.048) (0.056) (0.015) (0.015) (0.016) (0.079)
Post bankruptcy * Tenure -0.001
(0.001)
Bankruptcy firm-by-year F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Inventor F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Technology class-by-year F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Years of experience F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Observations 68,708 58,054 157,950 79,090 157,950 8,107,175 111,653 146,604
Adjusted R? 0.299 0.367 0.357 0.370 0.355 0.337 0.365
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Table 7: Corporate bankruptcies, team dependence, and the likelihood that an inventor continues to invent

This table reports coefficients from regressions that study if team dependent inventors experience a reduction in the length of their careers as

inventors following the bankruptcy event. We estimate a linear probability model in which each inventor is only included in the sample once;

the sample focusses on “treated” inventors. The outcome variable is Still inventing (x), a dummy variable that takes the value of one if an

inventor continues to invent (i.e., continues to file patents) within a certain number of years (x) after the bankruptcy filing. All variables and
the sample construction are detailed in Section 2 of the paper and in the Appendix. Standard errors are clustered at the bankruptcy firm level.
Statistical significance at 1%, 5%, and 10% is market with ***, **, and ¥, respectively.

ey

Still inventing (1)

()

Still inventing (2)

®)

Still inventing (3)

(4)

Still inventing (4)

®)

Still inventing (5)

Team dependence

Bankruptcy firm F.E.
Technology class F.E.

Years of experience F.E.

Observations

Adjusted R?

-0.128***
(0.022)
Yes
Yes
Yes
12,089
0.354

-0.115%**
(0.023)
Yes
Yes
Yes
12,089
0.375

-0.089***
(0.028)
Yes
Yes
Yes
12,089
0.387

-0.067**
(0.027)
Yes
Yes
Yes
12,089
0.398

-0.048*
(0.026)
Yes
Yes
Yes
12,089
0.397
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Table 8: Bankruptcy outcomes, team dependence, and post-bankruptcy productivity

The regression models reported in this table examine whether post-bankruptcy team inventor productivity differs by bankruptcy outcome;
productivity is measured using Ln(Patents) and Ln(Citations per patent). Post bankruptcy is an indicator variable that takes the value of one in
the years after bankruptcy, and zero otherwise. Team dependence is a measure of the team-specific human capital accumulated at the financially
distressed firm by a given inventor. The following dummy variables indicate the post-bankruptcy outcomes: Liquidation (a firm that files for
Chapter 11 is subsequently liquidated), Independent exit (a firm that files for Chapter 11 subsequently exits bankruptcy as an independent
firm), Acquisition by strategic buyer (a firm that files for Chapter 11 is subsequently acquired by an industrial (non-financial) firm); and
Acquisition by financial buyer (a firm that files for Chapter 11 is subsequently acquired by a financial (private equity) firm). All variables and
the sample construction are detailed in Section 2 of the paper and in the Appendix. Standard errors are clustered at the bankruptcy firm level.
Statistical significance at 1%, 5%, and 10% is market with ***, **, and *, respectively.
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) (2) ©) (4) ®) (6) ) ©)
Ln(Patents) L;e(f;taa‘iigs Ln(Patents) L;e(f;taa‘iigs Ln(Patents) L}:e(f;;atteiigs Ln(Patents) L;le(::;?tzg;s
Post bankruptcy * Team dependence -0.040** -0.078 -0.070*** -0.189*** -0.049%** -0.095** -0.062*** -0.131%**
(0.018) (0.052) (0.020) (0.056) (0.016) (0.043) (0.014) (0.042)
Post bankruptcy * Team dependence -0.046* -0.125*
* Liquidation (0.024) (0.063)
Post bankruptcy * Team dependence 0.028 0.125
* Independent exit (0.029) (0.078)
Post bankruptcy * Team dependence -0.084* -0.402
* Acquisition by financial buyer (0.051) (0.309)
Post bankruptcy * Team dependence 0.103*** 0.193***
* Acquisition by strategic buyer (0.024) (0.073)
Inventor F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Bankruptcy firm-by-year F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Technology class-by-year F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Years of experience F.E. Yes Yes Yes Yes Yes Yes Yes Yes
Observations 137,551 137,551 137,551 137,551 137,551 137,551 137,551 137,551
Adjusted R? 0.351 0.326 0.351 0.326 0.351 0.326 0.351 0.326
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Table 9: Post-bankruptcy productivity and restrictions on inventor mobility

This table examines how contractual restrictions in employment contracts aimed at limiting an employee’s ability to work for a competing
firm or to start a competing business affect the post-bankruptcy productivity of (team) inventors. We employ a time-varying state-level index
measuring the extent to which non-compete clauses are enforced by courts in each U.S. state. The index ranges from zero in states where
noncompetition clauses are not enforced at all (e.g., California), to nine in states that exhibit the strongest enforceability of such clauses (e.g.,
Florida). We construct the indicator variable Strong NCA enforcement, which is a dummy variable taking the value of one in states in which
the non-compete enforcement index takes a value greater or equal than five (the sample median); the relevant state is the state in which the
inventor worked when they were “treated,” that is, experienced the corporate bankruptcy. In specifications 1 and 2 we focus on inventors
who worked at bankruptcy firms located in states with a NCA enforcement index below the value of five; in specifications 3 and 4 we limit
the sample to inventors who worked at bankruptcy firms located in states with an NCA enforcement index taking the value of five or higher.
The other variables are identical to those employed in Tables 5 and 8. All variables and the sample construction are detailed in Section 2 of
the paper and in the Appendix. Standard errors are clustered at the bankruptcy firm level. Statistical significance at 1%, 5%, and 10% is market
with ***,** and ¥, respectively.

@ 2) 3) (4) ®) (6)
Ln(Patents) L:e(f;:tteligs Ln(Patents) Lpne(f;;at:i;s Ln(Patents) Lprgf;;izzgs
Post bankruptcy * Team dependence -0.028 -0.040 -0.074%* -0.168*** -0.020 -0.026
(0.023) (0.054) (0.011) (0.037) (0.025) (0.055)
Post bankruptcy * Strong NCA enforcement 0.053** 0.128**
(0.021) (0.051)
Post bankruptcy * Team dependence * Strong NCA enforcement -0.044* -0.128**
(0.023) (0.050)
Bankruptcy firm-by-year F.E. Yes Yes Yes Yes Yes Yes
Technology class-by-year F.E. Yes Yes Yes Yes Yes Yes
Inventor F.E. Yes Yes Yes Yes Yes Yes
Years of experience F.E. Yes Yes Yes Yes Yes Yes
Observations 60,333 60,333 90,559 90,559 153,836 153,836
Adjusted R? 0.374 0.370 0.330 0.323 0.350 0.342
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Table 10: Team-specific human capital and joint mobility of inventors post-bankruptcy

The regression models reported in this table test whether well-established and productive inventor teams are more likely to co-locate to a
new firm post-bankruptcy. For each bankruptcy event, we create all possible pairs of inventors that (i) are employed by the same firm in years
t-3 to t-1 relative to the bankruptcy and that (ii) remain active post-bankruptcy. In these tests, each inventor pair enters the sample once. Pair
co-dependence is a pairwise measure of team-specific human capital, calculated as the share of patents of the pair that is co-authored by its
constituent members up to year one prior to the bankruptcy. Pair average citations is the average number of citations obtained by the patents
(filed until year one prior to bankruptcy) coauthored by the inventor pair. The dependent variable is Move together, an indicator variable that
takes the value of one if the firm to which the two inventors move after the bankruptcy is the same for both inventors in the pair. Strong NCA
enforcement is a dummy variable taking the value of one in states in which the non-compete enforcement index takes a value greater than or
equal to five (the sample median); if two inventors in a pair who work at the same firm prior to bankruptcy work in different states (for
example, different subsidiaries of the same firm), we consider the state with the higher non-compete enforcement index. Liquidation is a
dummy variable that takes the value of one if a firm that files for Chapter 11 is subsequently liquidated. Acquisition by strategic buyer is a
dummy variable that takes the value of one if a firm that files for Chapter 11 is subsequently acquired by an industrial (non-financial) firm.
Standard errors are clustered at the bankruptcy firm level. Statistical significance at 1%, 5%, and 10% is market with ***, **, and *, respectively.
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(1) 2) 3) (4) 5) (6) @) ®
Move together
Pair co-dependence 0.484*** 0.471%** 0.450%** 0.445**
(0.068) (0.069) (0.080) (0.082)
Pair average citations 0.002*** 0.002%** 0.002*** 0.002***
(0.000) (0.000) (0.000) (0.000)
Strong NCA enforcement -0.031** -0.030** -0.023 -0.031** -0.030** -0.023
(0.015) (0.015) (0.015) (0.015) (0.015) (0.015)
Acquisition by strategic buyer 0.037%** 0.027** 0.039** 0.028**
(0.011) (0.012) (0.011) (0.012)
Liquidation -0.017** -0.017**
(0.007) (0.007)
Constant 0.009 0.038** 0.036** 0.041** 0.009 0.038** 0.037** 0.041**
(0.006) (0.016) (0.016) (0.016) (0.006) (0.016) (0.016) (0.016)
Observations 2,155,490 2,154,562 2,144,729 2,144,729 2,155,490 2,154,562 2,144,729 = 2,144,729
Adjusted R? 0.011 0.018 0.018 0.025 0.008 0.015 0.015 0.022
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Appendix. Variable definitions

A.1 Dependent variables

Ln(Patents)—This variable measures the quantity of innovation output produced by individual
inventors. It is defined as the natural logarithm of one plus the total number of patents that the

inventor applies for (and that are subsequently granted) in a given year.

Ln(Citations per patent)— This variable measures the quality of innovation output produced by
individual inventors. It is defined as the natural logarithm of one plus the average number of
citations per patent for all patents that a given inventor applies for (and that are subsequently

granted) in a given year.

Ln(Citations)—This variable is defined as the natural logarithm of one plus the total number of
citations obtained on all patents that the inventor applies for (and that are subsequently granted)

in a given year.

Ln(Dollar value of patents)—This variable is defined as the natural logarithm of one plus the
cumulative dollar value of patents (in millions of nominal U.S. dollars) that an inventor applies
for (and that are subsequently granted) in a given year; the dollar value of each patent is obtained
from Kogan, Papanikolaou, Seru, and Stoffman (2017) and is based on the stock market reaction

to the announcement of new patent grants.

Move together —an indicator variable that takes the value of one if the firm to which two inventors

move after the bankruptcy is the same for both inventors in the pair.

Remain together —measures team stability across inventors and over time. This dummy variable is
equal to one if the percentage of an inventor’s co-authors from four years prior to any given year
t,i.e., at t-4, that are still employed together in year ¢, is larger than 75%; that is, the dummy is one

if more than three quarters of the team remains in place.

Still inventing (x) —a dummy variable that takes the value of one if an inventor continues to invent

(i.e., continues to file patents) for at least x more years after the bankruptcy filing.

A.2 Explanatory variables

Acquisition by financial buyer —dummy variable that takes the value of one if a firm that files for
Chapter 11 is subsequently acquired by a financial (private equity) firm.

Acquisition by strategic buyer —dummy variable that takes the value of one if a firm that files for

Chapter 11 is subsequently acquired by an industrial (non-financial) firm.
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Change tech. class—dummy variable that takes the value of one if the inventor’s main technology
class in years t0 to t+3 relative to the bankruptcy is different from that inventor’s main technology

class in the last year prior to the bankruptcy.

Independent exit—dummy variable that takes the value of one if a firm that files for Chapter 11

subsequently exits bankruptcy as an independent firm.

Liquidation—dummy variable that takes the value of one if a firm that files for Chapter 11 is

subsequently liquidated.

Pair average citations —the average number of citations obtained by the patents (filed until year one

prior to bankruptcy) co-authored by an inventor pair.

Pair co-dependence—the share of patents that is co-authored by an inventor pair until one year prior

to the bankruptcy.

Past generality—the average “generality” of all patents filed by the inventor prior to bankruptcy;
the generality of patents is a measure obtained from the NBER patent dataset.

Post bankruptcy—a dummy variable that takes the value of one in the years after the bankruptcy

filing for inventors in the “treatment” group.

t0, t1, t2, t3, t4—event time dummy variables that identify, respectively, the year of the
bankruptcy, the year after the bankruptcy, year two after the bankruptcy, year three after the
bankruptcy, and year four after the bankruptcy.

t3plus, toplus—event time dummy variables that take the value of one in year three (respectively,

year five) post-bankruptcy and in subsequent years.

Strong NCA enforcement—a dummy variable taking the value of one in states in which the non-
compete enforcement index (see Kini, Williams, and Yin 2021) takes a value greater than or equal
to five (the sample median). The relevant state is the state in which the inventor worked when
they were “treated,” that is, experienced the corporate bankruptcy.

Team dependence—measures the extent to which an inventor collaborates with others at the firm
before its bankruptcy. For an inventor who works at a financially distressed firm in at least one of
the three years prior to its bankruptcy filing, it measures the share of that inventor’s patents that
are co-authored with other inventors at the bankrupt firm; all co-authorships up to year one before

the bankruptcy filing are considered in this calculation.

Tenure—number of years an inventor has worked at the bankrupt firm until the bankruptcy filing

year.

Years of experience—number of years since the inventor’s first patent filing.
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