Do Product Safety Issues Drive Innovation? The Effect of Medical Device Recalls on
Market Dynamics

Abstract

Medical devices are critical to the delivery of health care, but malfunctioning products can pose a
threat to patients, necessitating product recalls. In addition to the direct effects of medical device
recalls, which include both public health protection and negative reputational and financial
consequences for the recalling firm, there may be spillover effects on product development; the
vacuum left by the recalled product and its reputational damage may incentivize competing firms
to introduce new medical devices to the market. This study examines the impact of serious
medical device recalls on subsequent new product development by competitors, as measured by
new medical device submissions to the FDA. We compile data from three regulatory databases
representing 11,724 new product submissions and 2,647 recalls for 7,208 unique medical device
firms over a 17-year period. Using a fixed effect model and institutional features of the FDA’s
clearance process, we find that safety-related recalls lead to an increase in other firm’s new
product submissions in the affected product market. We estimate that a single recall increases
subsequent submissions in a product market by approximately eight percent. Moreover, we find
that this relationship is attenuated in markets with more competitors. Our results indicate that
firms may currently undervalue actions to avoid product recalls and that the medical device
market may be improved by regulatory efforts to enhance transparency in the recall process.
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1. Introduction

Medical devices are instrumental in both improving the health and well-being of patients and
representing a potential public health threat: viz., when they have serious quality defects, they
can pose life-threatening risks (Krumholz et al., 2007; Zipp, 2022). To help mitigate the negative
health effects of defective medical devices, manufacturers are required to initiate product recalls
and remove poorly performing and/or risky products from the market (U.S. Food and Drug
Administration, 2024). While innovation in the medical device industry continues apace (Stern,
2017), so too do the number of serious product recalls (Danford, 2024; Hobbins, 2023). Product
recalls are also often associated with financial and reputational damages to medical device firms
(Thirumalai and Sinha, 2011). These negative consequences can include lower overall firm
financial performance (Chen et al., 2024) or lower stock prices following a recall announcement
(Darby et al., 2023).

Beyond the immediate implications for public health and firm performance, medical
device recalls may also have industry spillover effects—yet this possibility has not yet been
explored empirically. We consider the potential that a competitor firm recall may incentivize
unaffected firms to accelerate their new product submission activities. We directly examine
whether more new product submissions follow a recall, as firms seek to fill the supply chain gap
created by the negative shock (U.S. Food and Drug Administration, 2023). Recalled products
also have negative firm reputational ramifications: when a competitor firm announces a serious
recall, it may create a window of opportunity for unaffected firms to potentially sway patients or
health care providers towards seemingly more reliable products (Ball et al., 2022; Device Events,
2023). Although other studies have demonstrated that medical product manufacturers respond
meaningfully to news regarding their direct competitors’ products, such as in the pharmaceutical
R&D setting (Krieger, 2017), the relationship between recalls of already-marketed products and
the subsequent introduction of new products by competing firms has to the best of our
knowledge not been examined—in either the medical device industry or any other regulated
industry.

In this study, we examine the extent to which medical device recalls of competitor firms
impact the number of subsequent new products introduced by unaffected firms in the affected
product market. We focus on products regulated by the U.S. Food and Drug Administration

(FDA) via the 510(k) pathway. These products are by far the largest category of regulated



medical devices, representing over 99 percent of FDA medical device submissions. In addition,
the 510(k) pathway is substantially faster and more agile compared to alternative regulatory
pathways, allowing new product submissions to respond to competitor recalls over shorter
windows of time.

Our empirical setting and approach allow for an examination of the impact of the most
unexpected, and thus exogenous, set of serious safety recalls on firms’ new product submissions:
in particular, we examine whether and how serious medical device recalls that are unprecedented
by publicly-reported complaints influence the number of subsequent unaffected firms’ new
product submissions. We focus on this set of recalls for two reasons: first, they represent a
plausibly exogenous shock to unaffected firms’ market understanding; and second, it would be
difficult, if not impossible, to anticipate the issuance of such recalls. In addition, we focus on
those recalls that have potential major negative health consequences and are therefore the most
difficult to selectively avoid initiating.

Our empirical setting leverages three FDA databases: (1) product recalls; (2) product
complaints; and (3) product submissions. We follow the FDA’s classification of devices into
mutually exclusive and collectively exhaustive product codes to measure new product
submissions within the same product market as the recalled product. Our sample includes 11,724
new product submissions and 2,647 serious recalls for 7,208 unique medical device firms over
2004-2020, inclusive. We use panelized, negative binomial fixed effects models to determine
how serious, unexpected recalls shape unaffected firms’ subsequent new product submission
activities in a given product market. We further consider the moderating effect of competition: in
crowded markets, the greater number of available substitutes may limit the potential benefits—
and therefore incentives—associated with a new product submission in the impacted product
category.

We find that competitor firm recalls significantly increase subsequent new product
submissions in impacted product markets. The empirical results suggest that a single recall
increases unaffected firms’ average new product submissions by approximately eight percent in
the subsequent six months. Moreover, we find that competitor firm recalls increase new product
submissions most significantly in product markets with fewer competitors. These findings

suggest that perceived market opportunities motivate unaffected firms to augment new product



submission activities following other firms’ mistakes, but that such opportunistic approaches are
less attractive in more crowded product markets.

This study makes two main contributions to the literature. First, to the best of our
knowledge, it provides the first evidence of spillover effects of competitor firm recalls on
unaffected firms’ innovation activities in any industry. Some research suggests that firms learn
from their own recalls and make quality improvements, which could hypothetically influence
new product development efforts at the recalling firm (Haunschild and Rhee, 2004). Other
research in the pharmaceutical industry shows that, under certain circumstances, firms observe
and learn from the pre-market product development activities and R&D failures of their
competitors which may, in turn, influence subsequent new product development projects
(Krieger, 2021). However, these settings differ from post-market competitor product recalls with
respect to the identity of the responding actor and the stage of new product development,
respectively.

Second, it contributes to the literature on innovation incentives in health care product
markets (Acemoglu and Linn, 2004; Budish et al., 2015; Carpenter et al., 2010; Dubois et al.,
2015; Stern, 2017). While predictors of innovation incentives for medical devices (Stern, 2017)
and in pharmaceutical markets (Budish et al., 2015) have been well-documented, no studies of
which we are aware have associated prior product failures in general, or recalls in particular,
with an increase in new product submission activity.

This study has important implications for both regulators and firms. Our results suggest
that efforts to enhance transparency and communication regarding product recalls may help
improve efficiency in the medical device market by increasing the information available to all
stakeholders and potentially spurring new product development. Furthermore, our findings
highlight a “double penalty” for firms with a recalled product: i.e., in addition to negative effects
of the recall itself—including foregone revenues, legal costs, negative publicity, and potential
declines in valuation—a recall incentivizes new product submissions from unaffected firms. As a
result, firms may currently undervalue recall/product failure prevention and remediation
activities. Finally, our results suggest an important area for future research lies in determining the
extent to which new product submissions generated by competitor firm recalls translate into
improvements in patient health. On the one hand, newly submitted medical devices may

represent genuine innovations that provide benefits to patients and providers while increasing



firm market share or enhancing its reputation. On the other hand, new medical devices that are
introduced to quickly capitalize on a market opportunity may have limited benefits or lower
quality. For example, a newly-introduced medical device may have an increased risk of future
recall itself if its technology is based on a recalled product, as recently demonstrated by a pair of
studies (Everhart et al., 2023; Kadakia et al., 2023).

2. Background

To determine if new medical devices are safe and effective, the FDA reviews product
submissions through two separate pathways: the “510(k) clearance process” and the Pre-Market
Approval (PMA) track. As opposed to PMA track devices that are highly novel, 510(k) devices
are defined by their moderate risk and similarity to previously cleared and marketed product(s).t
Furthermore, 510(k) submissions are nimbler than PMA submissions—i.e., they are both shorter
in duration and less demanding in their associated resource requirements (Sall, 2008)—
suggesting that they can be more responsive to product market dynamics, such as competitor
firm recalls. More than 99 percent of FDA medical device submissions are regulated via the
510(Kk) clearance process. Part of this clearance process categorizes devices into distinct product
types, formally referred to as FDA “product codes” that precisely define individual product
markets based upon use and function. Products in the same product code are thus effective
substitutes because they serve the same function, are used in identical ways, and are reviewed by
the same group of regulators.

After a medical device is cleared for introduction into the U.S. market, the FDA also acts as a
post-market regulator. Devices that present a risk of injury, deception, or are otherwise defective
are required by Federal law to be recalled and removed from the market by the infringing firm.
The FDA may call upon manufacturers to recall a product, or manufacturers may voluntarily
initiate a recall. Recall classifications range from Class | (most severe) to Class Il (moderately
severe) and Class 111 (least severe). Class I recalls are for medical device failures that have a

reasonable probability of serious adverse health consequences or death, such as a faulty valve on

! Medical devices of the highest risk typically need to use the PMA track. The products using the PMA regulatory
pathway are typically implantable and/or life sustaining — e.g., ventilators, hemodialysis systems and accessories, and
implantable spinal cord stimulators. Such products are often novel and innovative, but they comprise a very small
fraction of total regulated medical devices. Notably, only devices that come to market through the PMA process are
“approved” by the FDA. 510(k)-track devices are instead “cleared” for marketing approval, and we use this language
throughout in keeping with regulatory practices.



a ventilator that prevents proper air flow. Class Il recalls occur when the use of a device may
cause serious but medically reversible adverse health consequences, such as a defective hip
implant. Class 11 recalls occur when a quality problem would be unlikely to cause adverse health
consequences but should nevertheless be corrected, such as a labeling mistake on a percutaneous
catheter.? Firms have significant discretion regarding whether or not to initiate a Class 111 recall,
because of their low severity (Wowak et al., 2021). However, this discretion is significantly
dampened for Class I and Il recalls, which is why studies use these as proxies for firm-level
product quality (Darby et al., Wowak et al., Ball 2018 (in pharma)). Appendix A provides
additional information on medical device regulation and recalls.

In addition to the formal recall process, the FDA also maintains a publicly available database
of medical device adverse events called the Manufacturer and User Facility Device Experience
(MAUDE). The MAUDE database presents medical device performance feedback from patients,
physicians and medical facilities, and firms (Mukherjee and Sinha, 2018). Manufacturers of
faulty devices are required by law to report any deaths, injuries, and malfunctions within 30 days
of becoming aware of such events or within five days when unreasonable risk of substantial
harm to the public exists (U.S. Food and Drug Administration, 2020). Firms thus have limited
discretion in reporting their serious medical device product failures soon after they occur.
Moreover, if a serious product failure does occur, it will quickly be available on the MAUDE
database. If and when this happens, safety or quality issues associated with faulty devices are
directly observable by all firms. Nonetheless, there are many recalls with no prior MAUDE
complaints. This is not surprising, as recalls are often initiated solely based upon knowledge
internal to the recalling firm (Ball et al., 2018): e.qg., the firm becomes aware of product, process,

or materials discrepancies or other product safety issues that are not public knowledge.

3. Data
We collect data from three FDA databases over 2004-2020: medical device recalls, complaints,
and 510(k) device submissions. We describe each database in turn.

First, we use the FDA medical device recall database to construct our independent variable,
which measures the number of recalled medical devices by competitor firms. This digitized

database includes unique 510(k) identification numbers of recalled products, event dates, firm

2 See U.S. Food and Drug Administration (2025a, 2025h, 2025c) for all three recall examples, respectively.



identities, and recall severity classifications. Public knowledge of recalls occurs when they are
reported on the FDA website; we use this information as the publicly-posted recall initiation
date.® We focus on Class I and 11 recalls in our main empirical analyses as these are the least
discretionary, constitute the most significant patient health risks, and represent the largest firm
disruptions that are likely to attract the attention of other firms. Our main analysis dataset
includes 2,647 recalls: 170 Class | and 2,477 Class 11.* We consider Class 111 recalls in
robustness tests.

Second, we associate MAUDE complaints with recalls to capture the subset of recalled
medical devices with known prior complaints. Competitor recalls with no prior MAUDE
complaints are more likely to be exogeneous shocks, as there is no documented public
knowledge of any quality problem prior to recall initiation. We download all 12.8 million
complaint records from the MAUDE database for our time frame of interest (FDA, 2025). We
then use the FDA 510(K) submission number, which is included in MAUDE reports for each
complaint, to directly link complaints to recalls. Of the 2,647 total recalls in our sample, 739
recalls (28 Class I and 711 Class Il), or 28 percent, experience no prior reported adverse event of
any kind.

Third, we use the 510(k) submission database to generate our outcome variable, which
represents the number of firm-level new medical device submissions. The 510(k) submission
database includes a unique 510(k) identification number for each device, submission and
clearance dates, applicant firm identities, and device class and product market details. The
submission data only include those products that completed the clearance process.® Our data
include 11,724 submissions that were cleared for marketing by the FDA over 2004-2020
(inclusive). This database also includes detailed information on product and firm characteristics
that we use as controls, including product age, FDA product risk classification, publicly traded

3 All recalls in this study are firm-initiated, not FDA-initiated.

4There are no instances in which the recalls in our data result in full market withdrawals for the entire product line
experiencing the recall. This means that new products which are added to the market following competitor recalls
result in additional new product alternatives in the affected product market, instead of replacement options for
products that are no longer available.

5> While the FDA does not publish data on 510(k) submissions that do not gain market clearance, they have stated
publicly that the clearance success rate is approximately 85 percent and occurs on average 95 days after the
submission date (Enriquez, 2015). Because of this, our dependent variable not only measures the count of new
products that were submitted for clearance, but also the count of new products cleared to enter each product market
in the near future.



firm status, firm experience, number of firm product markets, and number of internal recalls
from a firm (Appendix B provides additional information on these variables).

We assign each recall and new product submission to a cleaned and standardized firm name
based on the information included using Cortex, a software package for fuzzy matching of text
strings, resulting in 7,208 unique firms.

We panelize our data at the firm, FDA product code, and six-month time window level for
two reasons. First, we structure the analysis around firms and product codes to examine the
relationship between competitor recalls and new product submissions within the same precisely
identified product market. Second, we consider a six-month time window to reflect the relative
agility of a 510(k) submission to respond to market dynamics. We examine this time window
choice in robustness analyses.

Our main analysis sample represents the number of new medical device products submitted
through the 510(k) pathway for a given FDA product code and firm linked to the corresponding
number of competitor firm Class I and Il recalls in the previous six months (all recalls and the
subset without prior MAUDE complaints, separately). Table 1 provides descriptive statistics for
the analysis sample.

4. Empirical strategy
To estimate the effect of medical device recalls on the submission of new medical device
products introduced by competitors in the affected product market, we implement a fixed effects

negative binomial regression model per the following equation®:

New Product Submissions;;; = exp (B, + B, (Competitor Recalls);j;—, +
B2 (Competitor Number);j;_1 + f3(Competitor Recalls x Competitor Number);j._; +

BaCijt—1 + BsFi + BeRMS; + B7Y; + &;t)

where the indices i, j and t represent firm, product code, and six-month time window,
respectively. The dependent variable, New Product Submissions, measures the number of new

medical device submissions made by the firm in a given product market and time window. The

& This model was selected to accommodate our dependent variable, which is an over-dispersed non-negative count
measure.



independent variable, Competitor Recalls, represents a six-month lagged count of recalled
medical devices by competitor firms in a given product market. In other words, we use the prior
six-month window count of competitor recalls in a product market to predict new product
submissions by the unaffected firm in that same product market in the current six-month
window. We further employ a moderating variable, Competitor Number, which represents the
number of competitor firms in the same product market in the prior six-month window. The
interaction of this variable with Competitor Recalls captures the potential moderating effect of
competition within a given product market. We also include a vector of controls C for product
and firm characteristics. Finally, we include firm fixed effects (F),’ regulatory medical specialty
fixed effects (RMS)® and year fixed effects (Y), as new product development and recall
propensities may be partially explained by heterogeneity in products and firms or changes in
industry and policy over time (Ball et al., 2017; Shah et al., 2017; Thirumalai and Sinha, 2011,
Wowak et al., 2015).° Standard errors are robust and clustered at the firm level.

Our coefficients of interest are S,, the effect of competitor recalls on new product
submissions, and S5, the moderating effect of competition in the market.'® We interpret our
estimates as causal under the identifying assumption that competitor recalls represent exogenous,
external shocks: specifically, conditional on fixed firm and medical specialty characteristics and
common time-specific factors, we are identifying effects using plausibly exogenous variation
from recalls. One possible violation of this identifying assumption is that firms are aware that
competitors are experiencing product quality issues, and therefore introduce new product
submissions regardless of recall status. We investigate the influence of this potential endogeneity
bias by separately analyzing the impact of all recalls as well as the subset without a prior
MAUDE complaint. The latter represents the most exogeneous subset of recalls and is thus our

preferred specification.

7 Each firm with more than two products in the sample is assigned its own indicator; firms with either two products
or one product (the reference category) are assigned an aggregate indicator.

8 These indicator variables are based upon the FDA-assigned regulatory medical specialty (RMS) of each product
code. The twenty RMS categories are aggregated product codes and grouped based upon medical specialty overlap
(e.g., cardiovascular, radiology, orthopedics, etc.).

9 We use year indicators as opposed to six-month indicators for parsimonious reasons, but our results are consistent
if we use an indicator variable for each unique six-month window of time.

10 The interpretation of estimated coefficients in a negative binomial model is as follows: a one unit change in an
independent variable is associated with a (expp-1) percentage change in the dependent variable: in our empirical
setting, the number of new product submissions in a six-month time window (Wooldridge, 2010).



This analysis has several limitations, which suggest avenues for future research. First, we
focus on a single industry and market, which may limit the generalizability of our findings.
Second, our recall measures do not capture other relevant features, such as media coverage or
financial costs, due to data limitations. Future work can analyze other R&D-intensive industries
that are subject to product failures and recalls, as well as other factors that may influence our
estimates. Finally, we do not examine the characteristics of the new product submissions in terms
of how they relate to prior recall causes. Future studies could more directly compare the
underlying technical details of each new product submission against the underlying product

defect details for each product recall.

5. Results
5.1. Main results

Table 2 presents the main estimation results. Columns (1) and (2) show the results for the
effects of all recalls (the main effect and the full model that examines the moderating effect of
competition, respectively), while Columns (3) and (4) similarly focus on the subset with no prior
MAUDE complaints.

The results in Column (1) indicate that competitor recalls increase new product submissions
(B, = 0.073; p<0.001). Each competitor recall in the prior six-month window is associated with a
7.5 percent increase in new product submissions in the current six-month window. This equates
to one additional new product submitted in each product market, on average, in the 24-month
period following a competitor recall.* Furthermore, Column (2) shows that this positive effect is
attenuated in more competitive markets (55 = -0.040; p<0.001).

When focusing on the subset of recalls with no prior MAUDE complaints, we find
comparable results, but with larger magnitudes, indicating that the impact of the most
exogeneous recalls is even stronger. For example, the main effect in Column (3) indicates that a

competitor recall with no prior complaints leads to a greater increase in new product submissions

11 Exp©073) - 1 = 7.5 percent. This 7.5 percent increase applies to the mean number of new product submissions per
firm per six-month window (0.084 from Table 1), multiplied by the mean number of firms in a product market (41
firms on average in a product market from Table 1). This equates to 0.26 new products per product market in the six
months following a competitor recall: 0.26 = 0.075 x 0.084 x 41, or one additional new product in the 24-months
following a competitor recall on average in a product market: 1.03=0.26 x 4.
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(B =0.213; p<0.001). Column (4) shows that this impact is also attenuated by competition (85 =
-0.103; p<0.001).

In all Columns, coefficients on the controls indicate that older product markets and firms
with more products have fewer new product submissions. Moreover, public firms, those with
more product market experience, and those that incur more internal recalls have more new
product submissions. In addition, the coefficient on the number of competitors in the full models
in Columns (2) and (4) show that product markets with more competitors experience more

submissions.

5.2. Alternative time windows

We next consider alternative recall time window lags beyond the main estimation measure of
six months. By doing so, we can better understand how and when in the new product
development process competitor recalls influence new product submissions. For example, if we
observe that the relationship dissipates quickly—e.g., in the second six-month lag window—then
we can deduce that competitor recalls are most influential in the time period immediately prior to
submission. In this case, competitor recalls might simply incent firms to speed up the completion
of new products that are nearly ready for submission to FDA. However, if the competitor recall
effect continues for multiple lagged time periods, the phenomenon could be understood as
mattering throughout the entire new product development cycle—typically, two to three years
(Nazarian, 2009; Wizemann, 2010). Finally, this analysis allows us to qualitatively examine
coefficient effect sizes in each lagged period, which can indicate where the relationship is the
strongest—i.e., close-in or far-out from when the firm submits to the FDA.

We plot the coefficients and confidence intervals of each six-month window lag in Figure 1
and include the regression results in Appendix Table Al. First, we find that the competitor recall
effect weakens as the lag increases, becoming statistically insignificant in the eighth time
window lag (confidence interval overlaps zero). In addition, given that the average product
development project for 510(k) medical devices is two to three years, recalls throughout the
entire product development project appear to influence submissions—albeit the strongest effects
on submissions are in the six-month period immediately after a competitor recall and dissipate
steadily thereafter. In other words, new product development projects appear to be most sensitive

to competitor recalls in the short-term (products that are near the completion of the product
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development process) but remain influenced by these recalls for as long as seven six-month time

window lags (approximately three and a half years).

5.3. Heterogeneity across public and private firms

As a next step, we analyze a model that segregates competitor firm recall counts into those
announced by publicly traded firms and those announced by privately held firms. We do so
because it is possible that public firm recalls receive greater awareness and media attention when
a recall occurs, and their recalls may therefore stimulate new product submissions more than
private firms’ recalls. Appendix Table A2 shows very similar results when comparing both the
main and the interaction effects using public and private firm recalls, suggesting that the firm

ownership is not a significant source of heterogeneity in outcomes.

5.4. Robustness tests

We undertake multiple robustness tests to examine the consistency of our results across
alternative measures and methods. First, we estimate our model using quarter (shorter) time
window and year (longer) time window interval and lag structures. In both analyses, presented in
Appendix Table A3, the estimates remain consistent with our main results. Second, Appendix
Table A4 implements logistic regression analysis, expressing new product submissions as a
dichotomous measure. All of the main empirical results continue to hold.'? Next, Appendix
Table A5 replaces Class | and 11 recalls with all recall classes (i.e., I, I, and I11). Results remain
consistent. Taken together, these robustness tests suggest that our results are not artifacts of

model assumptions or decisions about the level of analysis.

6. Conclusion

We find that competitor recalls in the medical device industry increase the subsequent
number of new product submissions to the FDA. Each additional recall in the prior six months is
associated with a 7.5 percent increase in new product submissions, or approximately one
additional new product in each product market, on average, in the subsequent 24-months. This

effect is strongest in the immediate past, but continues with a diminishing magnitude for

12 Note that positive (negative) coefficients in a negative binomial model are equivalent to odds ratios greater (less)
than one in a logistic regression model.

12



approximately three and a half years. Furthermore, we find that this relationship is stronger in
product markets with fewer competitors. To the best of our knowledge, this study provides the
first evidence of spillover effects of a competitor recall on new product development in any
industry and improves our understanding of innovation incentives in health care product markets.
Our findings suggest that FDA policies to enhance transparency surrounding medical device
recalls may increase efficiency in the market and incentivize new product submissions. These
results also suggest that firms are currently undervaluing efforts to avert product recalls given the
“double penalty” created by the development activities of competing firms. Importantly, the
implications of recall-initiated new product development for patient health warrants future

examination.
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Figure 1: Competitor Recall Window Lags
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Notes: (1) Figure uses the estimation results in Appendix Table Al. (2) All variables are held at their respective
means. (3) Coefficient estimates and standard errors are reported for Competitor Recalls lagged over successive six-
month windows. For example, the 1% lag represents the most prior six-month window, the 2" lag represents the
second prior six-month window, and so on.
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Table 1: Descriptive Statistics

VARIABLE OBS MEAN ST DEV MIN MAX
New Product Submissions 138,863 0.084 0.341 0.000 13.000
Product Age 138,863 52.173 19.267 0.000 80.000
Product Classification | 138,863 0.067 0.249 0.000 1.000
Product Classification 1l 138,863 0.931 0.253 0.000 1.000
Product Classification 1 138,863 0.002 0.049 0.000 1.000
Firm Public 138,863 0.198 0.398 0.000 1.000
Firm Experience 138,863 6.526 5.638 0.000 30.000
Firm Products 138,863 8.263 17.111 0.000 118.000
Firm Recalls 138,863 0.014 0.177 0.000 28.000
Competitor Recalls 138,863 0.271 1.558 0.000 44.000
Competitor Number 138,863 40.718 47.774 0.000 237.000

Notes: (1) Variables are in raw form (i.e., no transformations). (2) Descriptive statistics are calculated from
observations in the analysis sample. (3) Product Age, Firm Public, Firm Experience, Firm Products, Firm
Recalls, Competitor Recalls, and Competitor Number are lagged. (4) Inclusion in the analysis sample
requires: (a) at least one recall occurs in product code over sample timeframe and (b) at least one
competitor firm submission occurs in product code over sample timeframe.
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Table 2: Main Estimation Results

1) (2) (©)] (4)
Product Age -0.205*** -0.303*** -0.195*** -0.293***
-0.036 -0.037 -0.036 -0.038
Product Classification Il 0.362** 0.374** 0.374** 0.390**
-0.129 -0.129 -0.128 -0.129
Product Classification Il -0.132 -0.234 -0.027 -0.032
-0.291 -0.302 -0.288 -0.28
Firm Public 0.419*** 0.430*** 0.424*** 0.435***
-0.089 -0.089 -0.091 -0.09
Firm Experience 0.104*** 0.096*** 0.098*** 0.088***
-0.024 -0.023 -0.024 -0.024
Firm Products -0.692*** -0.684*** -0.695*** -0.687***
-0.072 -0.071 -0.072 -0.071
Firm Recalls 0.161** 0.135*
-0.054 -0.054
Competitor Recalls 0.073*** 0.242%**
-0.007 -0.027
Competitor Number 0.244%***
-0.026
Competitor Recalls X Competitor Number -0.040***
-0.006
No MAUDE Firm Recalls 0.141 0.143
-0.086 -0.091
No MAUDE Competitor Recalls 0.213*** 0.645%**
-0.021 -0.09
Competitor Number 0.247%**
-0.027
No MAUDE Competitor Recalls X Competitor o
Number -0.103
-0.02
Constant -1.409*** -1.726*** -1.456%** -1.784%**
-0.314 -0.313 -0.314 -0.315
Fixed Effects RMSFY RMSFY RMSFY RMSFY
Observations 138863 138863 138863 138863
Adjusted R-squared 0.089 0.093 0.087 0.092

Notes: (1) Negative binomial model regression estimation with half-year interval and lag structures. (2) Dependent variable is count
of firm New Product Submissions. (3) All models include regulatory medical specialty (RMS), firm (F), and year (Y) fixed effects.
(4) Firm Recalls and Competitor Recalls are Class | or Class I1I. No MAUDE Recalls are Class | and Il Firm Recalls and Competitor
Recalls that have no MAUDE associated with the recall. (5) Product Age, Firm Public, Firm Experience, Firm Products, Firm
Recalls, Competitor Recalls, and Competitor Number are lagged. (6) Product Age, Firm Experience, Firm Products, and Competitor
Number are logged. (7) Inclusion in the analysis sample requires: (a) at least one recall occurs in product code over sample
timeframe and (b) at least one competitor firm submission occurs in product code over sample timeframe.

Standard errors in parentheses, + p<0.10, *p<0.05, **p<0.01, ***p<0.001
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