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Abstract
Research Summary: We reassess existing theories on

individual failure learning and propose an inverted-

U-shaped relationship between an individual's accumu-

lated failures and learning, based on a theoretical frame-

work that jointly considers the opportunity, motivation,

and perceived ability to learn. Using data on 307 Califor-

nia-based cardiothoracic surgeons who performed coro-

nary artery bypass graft surgeries in 133 hospitals

between 2003 and 2018, we find compelling evidence

that individuals reach a threshold at which they discon-

tinue learning from their own failures. We also find that

this threshold is higher for surgeons who had higher per-

ceived ability to learn. This article aims to shed new light

on the relationship between individuals' failure experi-

ence and their learning, and advance our understanding

of the microfoundations of organizational learning, an

important basis of firm performance.
Managerial Summary: This article explores how indi-

viduals learn from their own failures. Contrary to prior
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theories, we propose a non-monotonic relationship

between accumulated failures and learning: as a func-

tion of failures, an individual's performance will ini-

tially increase, then taper off, and finally decrease.

Analyzing data on 307 cardiothoracic surgeons operat-

ing coronary artery bypass graft surgeries, we find such

an inverted-U-shaped pattern. Notably, surgeons with

higher perceived ability to learn—those with elite train-

ing, certified expertise, and specialization in patient

care—reached the tipping point later than their coun-

terparts. Our findings imply that repeated failures can

have both beneficial and harmful impacts on individ-

uals' learning processes, and therefore, both impacts

must be simultaneously considered for understanding

and improving individuals' performance.

KEYWORD S

individual learning; individual-level heterogeneity in learning;
learning from failures; microfoundations of organizational
learning; opportunity, motivation, and perceived ability to learn

1 | INTRODUCTION

Individual learning is an important microfoundation of organizational learning (Argote, 2013;
Argote et al., 2021; Kim, 1998), and individuals' own failure experiences have been highlighted
as important sources of individual learning (Ellis & Davidi, 2005; Wilhelm et al., 2019). Failures
have been defined as undesired performance outcomes that deviate from expected organiza-
tional goals (Dahlin et al., 2018). In line with the experiential learning literature (Argote &
Miron-Spektor, 2011; Kolb, 2015; Levitt & March, 1988; Sitkin, 1992), researchers have often
viewed failure cases as units of experience and theorized that accumulated failures will lead to
learning and improved performance for individuals, and ultimately for organizations
(Avgerinos et al., 2020; Dahlin et al., 2018; Desai, 2015). A close examination of the literature
on this topic, however, reveals that theories and findings on individual learning from one's own
failures are inconsistent.

Some research has found that individuals effectively learn from their own failures
(e.g., Avgerinos et al., 2020; Ellis & Davidi, 2005; Wilhelm et al., 2019). These findings are con-
sistent with theories that suggest that failures facilitate cognitive processes—such as seeking
causal explanations—that lead to learning (Ellis & Davidi, 2005; Hastie, 1984; Louis &
Sutton, 1991; Taylor, 1991; Wong & Weiner, 1981), and subsequently trigger actions of updating
knowledge to avoid repeating similar failures in the future (Ellis et al., 2006; Zakay et al., 2004).
However, other studies have found that individuals do not effectively learn from their own fail-
ures or even perform worse after experiencing them (Deichmann & Ende, 2014; Diwas
et al., 2013; Eggers & Song, 2015; Eskreis-Winkler & Fishbach, 2019). The dominant theories in
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this stream of literature argue this is due to failures evoking negative emotions such as shame,
embarrassment, helplessness, fear, burnout, and loss of self-esteem (Cannon &
Edmondson, 2005; Dahl & Werr, 2021; Roulet, 2020; Seo et al., 2004; Shepherd & Cardon, 2009;
Staw et al., 1981; Vogus et al., 2020; Zhao, 2011) or triggering attribution biases that lead to indi-
viduals disassociating themselves from their own failures (Diwas et al., 2013; Jordan &
Audia, 2012).

Altogether, studies have revealed starkly contrasting findings and have provided different
but compelling theories to explain these results. From an overarching theoretical standpoint,
however, it is unlikely that failures trigger only processes conducive for learning and not those
that prevent learning, and vice versa. Rather, these processes are likely to coexist but vary in
their relative strengths, where one dominates the other under certain conditions. Understand-
ing this dynamic process would be crucial to better predicting how a particular failure would
affect learning. This understanding becomes especially important in contexts where failures
carry high stakes, can occur repeatedly and accumulate over time, and significantly impact the
emotions, motivations, and behaviors of constituents, ultimately influencing organizational per-
formance. Such contexts include a variety of organizations, such as research laboratories
(Khanna et al., 2016; Shepherd et al., 2011), manufacturing firms (Haunschild & Rhee, 2004;
Maslach, 2016), and hospitals (Desai, 2015; Diwas et al., 2013; Lee et al., 2021).

In this article, we synthesize existing theories on the effect of individuals' own failures on
their learning and propose a non-monotonic relationship between them: individuals' perfor-
mance will initially increase, then taper off, and finally decrease as a function of failure experi-
ences. Building on a theoretical framework on individuals' own failure learning that jointly
considers the opportunity, motivation, and perceived ability to learn from these failures (cf.,
Dahlin et al., 2018), we first propose that there will be an inverted-U relationship between one's
own accumulated failures and their learning due to opposing effects of the opportunity and
motivation to learn. Then, we propose that this relationship will be moderated by an individ-
ual's perceived ability to learn.

We test our hypotheses using data on 307 California-based cardiothoracic surgeons who per-
formed isolated coronary artery bypass graft (CABG) surgeries in 133 hospitals between 2003
and 2018. In this context, failures are patient deaths resulting from CABG surgeries, and indi-
vidual learning is captured through improvements in surgeons' surgery performance after such
experiences. Our results confirmed the inverted-U-shaped relationship between individuals'
own accumulated failures and individual learning; surgeons' performance increased as a func-
tion of their accumulated failures up to a point but then decreased afterward. We also found
that this inflection point came later for surgeons who were hypothesized to have higher per-
ceived abilities to learn—namely those with elite training, with certified expertise, and special-
ized in patient care.

Our study makes important contributions to several streams of literature. First, by develop-
ing and testing a revised theoretical model on individual failure learning, we contribute to the
literature on individual failure learning in organizations (Avgerinos et al., 2020; Diwas
et al., 2013; Lapré & Cravey, 2022; Shepherd et al., 2011; Wilhelm et al., 2019). Particularly, we
theorize and show a novel inverted-U-shaped relationship between individuals' own accumu-
lated failures and learning. Our results suggest that accumulating one's own failures simulta-
neously triggers both forces that increase the opportunity to learn and decrease the motivation
to learn; thus, learning outcomes will depend on which force is dominating. Second, our study
also has important implications for the literature on organizational learning (Argote, 2013;
Argote et al., 2021; Argote & Miron-Spektor, 2011). We find that even within the same
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organization, there is individual-level heterogeneity in the amount of one's own failure learning
depending on an individual's qualifications or past experiences that shape their perceived ability
to learn. Because organizational learning is influenced by the levels of learning achieved by
individuals, our study highlights the need for greater attention to the antecedents of such
individual-level heterogeneity. Finally, our study has implications for the organization design
and strategic human capital literature, particularly in the areas of hiring and training. Espe-
cially, our results suggest that organizations can improve performance by hiring employees
who are more resilient to repeated failures or training them to become so. Overall, the goal of
our paper is to shed new light on the relationship between individuals' own failures and learn-
ing and to open up exciting opportunities for research on the microfoundations of organiza-
tional learning, an important basis of firm performance.

2 | THEORY AND HYPOTHESES

Failure learning has been defined as “the process by which individuals, groups, or organizations
identify error or failure events, analyze such events to find their causes, and search for and
implement solutions to prevent similar errors or failures in the future” (Dahlin et al., 2018,
p. 254). Essentially, failure learning is a type of experiential learning that involves individuals,
groups, or organizations learning from failure experiences. Although some experiential learning
may occur somewhat unconsciously or automatically (Dutton & Thomas, 1984; Lapré
et al., 2000), failure learning has been argued to require analytical learning—a process that
involves active decision making that uses information about a prior experience to reshape
future routines (Dahlin et al., 2018; Reason, 1990). In this regard, it is important to understand
how individuals—the core decision makers in organizations—learn from their failures.

Intriguingly, the literature on individual learning from failure has shown contrasting
results. On the one hand, some studies have found that individuals learn from their own fail-
ures. For example, in the context of Israeli soldiers, Ellis and Davidi (2005) found that individ-
uals developed rich mental models of causal relationships between task inputs and outputs
after their own failures. Similarly, Avgerinos et al. (2020) found that cardiothoracic surgeons
went through a process of “sensemaking” after experiencing failures, which improved their per-
formance over time. These findings parallel theories that argue that failures generate valuable
information for learning and trigger cognitive processes or actions that help individuals update
existing knowledge structures to improve performance (Ellis et al., 2006; Ellis & Davidi, 2005;
Hastie, 1984; Louis & Sutton, 1991; Taylor, 1991; Wong & Weiner, 1981; Zakay et al., 2004).

On the other hand, researchers have found that individuals do not effectively learn from
their own failures or even perform worse after experiencing them. For example, in a lab experi-
ment, Eskreis-Winkler and Fishbach (2019) found that individuals could not learn from failure
feedback because they “tuned out” from learning to protect their egos (see also Roulet, 2020).
Diwas et al. (2013) also found that cardiothoracic surgeons did not learn and even performed
worse after their own surgical failures due to self-serving attributions. Similarly, Eggers and
Song (2015) found that serial entrepreneurs whose ventures failed tended to blame the external
environment and moved on to creating a subsequent venture in a different industry instead of
trying to learn from their failures. Altogether, these findings are consistent with the theories
suggesting that failures trigger negative emotions (Cannon & Edmondson, 2005; Seo
et al., 2004; Shepherd & Cardon, 2009; Staw et al., 1981; Vogus et al., 2020; Zhao, 2011) or attri-
bution biases (Diwas et al., 2013; Jordan & Audia, 2012), which lead individuals to disengage
from learning from their own failures.
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Though these prior results provide valuable insights independently, they collectively suggest
that existing theories and findings are incomplete. Notably, recent studies have started to exam-
ine the boundary conditions under which individuals are more likely to learn from their own
failures (e.g., Avgerinos et al., 2020; Lapré & Cravey, 2022; Shepherd et al., 2011; Wilhelm
et al., 2019). For example, Avgerinos et al. (2020) found that individuals may not learn from
their recent failures because it takes time to make sense of them. Shepherd et al. (2011) theo-
rized that learning from one's own failures depends on individuals' ability to cope with failures
and on organizational culture of failure tolerance. Wilhelm et al. (2019) found that employees
are more likely to learn from their failures if they work in psychologically safe teams with well-
developed transactive memory systems. Finally, Lapré and Cravey (2022) suggested that failure
learning depends on the frequency of failures and whether an objective root-cause-analysis can
be conducted on failures.

Overall, prior studies have advanced our understanding of individual failure learning; how-
ever, at least three important limitations remain. First, a large portion of studies on individual
failure learning examine the effect of only a single failure on learning (Ellis et al., 2006;
Shepherd et al., 2011; Wilhelm et al., 2019). Such research designs limit examining the effect of
a failure in different ranges (low/moderate/high) of accumulated failures. Second, these studies
often assume a single average effect of failures on learning without allowing for the potential
heterogeneous effects of failures (Diwas et al., 2013; Ellis & Davidi, 2005; Lapré & Cravey, 2022;
Zakay et al., 2004). This precludes the possibility that the positive and negative effects of failures
on learning interact with each other to form other intricate patterns of learning, such as non-
monotonic relationships between failure experiences and learning. Third, prior studies lack the-
orization and evidence about when and why failure learning rates vary for different individuals
(with exceptions such as Shepherd et al., 2011). This is a large gap in the literature because
organizations are comprised of individuals with different characteristics, which create heteroge-
neity in their learning patterns (Lee, 2019; Reagans et al., 2005). Altogether, addressing these
limitations will enable a better understanding of the effects of individuals' own failures on
learning.

In the next section, we synthesize the existing literature and develop a revised theory for the
relationship between individuals' own accumulated failures and learning. Our theory is particu-
larly applicable to contexts where failures have high stakes, occur repeatedly, accumulate over
time, and significantly impact individuals' emotions, motivations, and behaviors. We develop
our hypotheses in the context of cardiothoracic surgery, a highly pertinent setting, and empiri-
cally test them using data on surgeons who encounter repeated failures in the form of patient
deaths.

2.1 | Individual learning from failures: An interplay of the
opportunity, motivation, and ability

In a recent review of the literature on learning from failures, Dahlin et al. (2018) advised
researchers to develop theoretically sounder frameworks by being mindful of the mechanisms
that affect learning from failures. Especially, they suggested that an interplay of three factors—
the opportunity, motivation, and ability to learn—will determine the effectiveness of one's learn-
ing from failures. The opportunity to learn is the scope and amount of information available for
an individual to learn from failures; the motivation to learn refers to an individual's desire to
put in efforts to learn from past failures and prevent future failures; the ability to learn is an
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individual's capacity to understand causes of failures and to find/implement solutions to pre-
vent future failures.

Extending Dahlin and colleagues' framework, we theorize in the following sections that the
main relationship between an individual's own accumulated failures and learning will be driven
by an individual's opportunity and motivation to learn, and that this relationship will be moder-
ated by their perceived ability to learn, particularly through its effect on their motivation to
learn.

2.2 | Accumulation of failures and the opportunity and motivation
to learn

We expect one's opportunity and motivation to learn to work in parallel but in opposite direc-
tions as individuals accumulate failures. As aforementioned, the opportunity to learn from fail-
ures refers to the scope and amount of information to learn from failures (Dahlin et al., 2018).
In many organizational contexts, individuals experience comparable failures repeatedly
(Lapré & Cravey, 2022). For example, in our study's empirical context, surgeons
repeatedly experience patient deaths from surgeries. Although the types of failures are similar,
the details of each failure differ. Thus, each new failure offers unique knowledge that can syner-
gistically modify and extend the existing knowledge of these individuals, opening up opportuni-
ties for improving task performance.

Additional failures will provide useful learning opportunities especially in complex task
environments of modern organizations where recent experience can continue to provide novel
information. In our empirical context, surgeons constantly face new surgery techniques,
changes in coordination patterns with other hospital members, advancements in hospital tech-
nologies, and increasing heterogeneity in patient conditions (Bakaeen, 2017; Bogdanovic
et al., 2015; ElBardissi et al., 2012; Head et al., 2013; Kimmaliardjuk et al., 2015; Sellke
et al., 2010; Tørring et al., 2019). In these contexts, failures occurring at different points in time
can increase individuals' quantity of knowledge by providing knowledge that they lacked or
increase the quality of knowledge by updating incomplete or incorrect knowledge (Lai, 2021).
In this regard, we expect that the opportunities to learn will increase as failures accumulate.

At the same time, and in contrast, we expect additional units of failure experience to
decrease individuals' motivation to learn from their own failures. Earlier, we defined the motiva-
tion to learn as the desire to put in efforts to learn from failures and to improve subsequent per-
formance. Prior literature has suggested that failures are important motivators for drawing
lessons from experiences (Ellis & Davidi, 2005; Sitkin, 1992; Weiner, 1985), and that negative
outcomes will trigger search for alternative solutions (Sitkin, 1992; Weiner, 2000; Zakay
et al., 2004). Thus, when individuals encounter initial failures in their tasks, we expect them to
be highly motivated to analyze and draw lessons from them to enhance their subsequent perfor-
mance. This motivation to learn would be particularly high in contexts like ours
(i.e., cardiothoracic surgery), where failures are high-stakes events (i.e., patient deaths) that are
sought to be avoided.

However, as these failures repeat and accumulate over time, the initial high motivation to
learn from one's own failures is likely to diminish. Prior literature has found that failures, espe-
cially repeated failures, dampen the motivation to learn, due to negative emotions triggered by
failures (Shepherd et al., 2013). In specific, individuals involved in failures often experience
emotions such as embarrassment, fear, frustration, pain, anxiety, disappointment, depression,
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and a loss of self-esteem (Dahl & Werr, 2021; Edmondson, 2004; Roulet, 2020; Shepherd
et al., 2011). These emotions are particularly intense when the consequences of failures are
severe, and high levels of these emotions accumulated through repeated failures would ulti-
mately hinder the motivation to learn from one's own failures (Seo et al., 2004; Zhao, 2011).

Furthermore, repeated failures can trigger attribution biases, which can also reduce the
motivation to learn from one's own failures. For example, Diwas et al. (2013) found that cardiac
surgeons learned from others' repeated failures but not from their own. The authors explain
that this is due to individuals attributing others' failures to controllable factors such as effort
and their own failures to uncontrollable factors such as bad luck (see also Weiner, 1974, 2000).
When a failure is perceived as uncontrollable, the motivation to learn from it will be reduced
(Bandura, 1977; Lapré & Cravey, 2022). Attribution bias is also related to individuals feeling
threats to their self-image when they fail (Eskreis-Winkler & Fishbach, 2019; Jordan &
Audia, 2012; Roulet, 2020). To preserve a positive self-image, when individuals experience
repeated failures, they engage in self-enhancing behaviors such as ignoring failures and taking
on lower performance standards (Audia & Brion, 2007; Eskreis-Winkler & Fishbach, 2019;
Jordan & Audia, 2012).

Taken together, we posit that two latent mechanisms, the increasing opportunities to learn
and the decreasing motivation to learn as individuals accumulated failures will interact to form
an inverted-U-shaped relationship between individuals' own accumulated failures and learning.
As discussed earlier, failure learning requires analytical learning (Dahlin et al., 2018;
Reason, 1990). Hence, to effectively learn from their own failures, individuals will need suffi-
cient levels of both the opportunity and motivation to learn.1 At low levels of individuals' own
accumulated failures, the motivation to learn will be high, but the opportunity to learn will be
low because individuals would not have gathered enough information about the different cau-
ses of failures. Thus, despite high motivation, we expect an individual's learning performance to
be relatively low in this range. However, as more information is acquired through accumulating
failures, the opportunity to learn will increase. Although the motivation to learn may not be as
high as initial periods due to the negative emotions and attribution bias triggered by the
increasing number of failures, we still expect individuals to have sufficiently high motivation to
learn during this period, especially since the focal task in hand is important (Zhao, 2011). Thus,
we expect individuals' learning to be highest at moderate levels of accumulated failures. How-
ever, once the number of accumulated failures surpasses a certain point, we argue that individ-
uals' motivation to learn from their own failures will be impaired by the overwhelming effect of
negative emotions and attribution biases. This will result in individuals “giving up” on learning
from their own failures. Although this cessation of learning could merely lead to performance
stagnation, in fact, Diwas et al. (2013) showed that the lack of learning leads to decreasing indi-
vidual task performance over time. This is because individuals are likely to continue behaving
in ways that led to failures and not modify or extend their existing knowledge although the task
environment around them is evolving (Diwas et al., 2013; Staw, 1981). Consistent with these
arguments, we expect that individuals' learning performance will deteriorate at high levels of
accumulated failures. Table 1 summarizes these arguments.

In our context of cardiothoracic surgery, failures are patient deaths resulting from surgery.
These failures are high-stake events that occur repeatedly, accumulate over time, and have

1In other words, we are theorizing a multiplicative relationship (i.e., interaction) rather than an additive relationship
because no learning will occur if either the opportunity or the motivation equals 0 (Haans et al., 2016).
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significant impacts on the operating surgeon's emotions, motivations, and behaviors
(Desai, 2015; Diwas et al., 2013; Huckman & Pisano, 2006). Therefore, we hypothesize:

Hypothesis H1. There will be an inverted-U-shaped relationship between a sur-
geon's own accumulated failures and learning, such that a surgeon's subsequent
surgery performance will improve as a function of their own accumulated failures
up to a point but will deteriorate once that point is passed.

2.3 | The moderating effect of individuals' perceived ability to learn

While we anticipate that all surgeons in our context will eventually reach a point where their
motivation to learn diminishes (Zhao, 2011), some of them may reach this point later (i.e., at a
higher level of accumulated failures) than others. We posit that individuals with higher per-
ceived abilities to learn—those who regard themselves to be better than others at understanding
the causes of their own failures and finding and implementing solutions to prevent them in the
future—will reach that point later than their counterparts. This is because they will not only
have higher initial motivation to learn but will also be less susceptible to negative emotions and
attribution biases from repeated failures, enabling them to sustain high levels of motivation for
longer periods. We build our arguments off the concept of self-efficacy, the “judgments of how
well one can execute courses of action required to deal with prospective situations
(Bandura, 1982, p. 122).” Because individuals put more effort when they believe “I can do this”
(Bandura, 1977), perceived ability to learn will be an important driver of an individual's persis-
tence and motivation to learn (Cook & Artino Jr, 2016; Zimmerman, 2000). In our context, sur-
geons who are more competent in surgeries are considered as having higher perceived abilities
to learn; this is because task competence is often a result of possessing strong learning capabili-
ties (see Cook & Artino Jr, 2016).

Importantly, our theory does not require individuals to actually have high ability to learn;
rather, their mere beliefs that they are competent in learning from their own failures are suffi-
cient for our proposed moderation effect, as such beliefs will positively affect their motivation
to learn and trigger more persistent learning behaviors (Ajzen, 1991). In the next paragraphs,
we elaborate on why higher perceived ability to learn will positively moderate the relationship
between individuals' own accumulated failures and learning.

To begin with, individuals with higher perceived ability to learn will have higher baseline
motivation to learn than their counterparts. Particularly, the social-cognitive theories of motiva-
tion (e.g., Bandura, 1986, 1997; Pajares, 2008; Schunk, 1991; Zimmerman, 2000) suggest that
individuals' pursuit of their learning goals hinges on their beliefs about their capabilities,

TABLE 1 Summary of (1) how the opportunity and motivation to learn from one's own failures change as a

function of accumulated failures and (2) how the two mechanisms interact to affect an individual's learning

from those failures.

One's own accumulated failures
Opportunity × motivation to learn from
one's own failures Learning

Low Low opportunity × high motivation Low

Moderate Moderate opportunity × moderate motivation Peak

High High opportunity × low motivation Low

8 LEE and PARK
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values, and interests. Similarly, expectancy-value theories (e.g., Eccles & Wigfield, 2002;
Wigfield & Eccles, 2000) propose that the expectancy of success—a future-oriented belief in
one's ability to accomplish an anticipated task—predicts both engagement in learning activities
and learning achievement. Consequently, individuals who have stronger beliefs in their ability
to execute a given task are likely to pursue higher learning goals. For example, Zimmerman
et al. (1992) found that students with high self-efficacy set higher academic goals than those
with low self-efficacy. The literature on goal-setting theory has suggested that pursuing higher
(harder) goals will increase motivation, as long as those goals are not impossible to achieve
(Locke & Latham, 1990, 2002, 2006). This implies that individuals with higher perceived ability
to learn will start off with a larger “stock” of motivation to learn from their own failures, which
will be depleted later than those with lower perceived ability as their failures accumulate.

Second, we expect the motivation of individuals with higher perceived ability to learn to be
less attenuated by the negative emotions triggered by their own failures than those of individuals
with lower perceived ability to learn. Especially, error management research has shown that indi-
viduals with high self-efficacy have less negative emotional reactions to errors (Rybowiak
et al., 1999), exhibiting the attitude of “no worries, can do” (Seckler et al., 2021). Prior studies
have also suggested that individuals will persist through failures, despite feeling negative emo-
tions, particularly when they feel that the causes of failures are fixable and under control
(Bandura, 1997; Cook & Artino Jr, 2016; Lapré & Cravey, 2022; Zimmerman & Schunk, 2006).
For example, in the context of Formula 1 racing, Lapré and Cravey (2022) found that despite the
frustration and disappointment car racers feel when they cannot complete a race due to a car fail-
ure, they learn from these failures because they and their teams believe they are capable of objec-
tively analyzing the root cause of the problem and fixing the car for the next race.

Finally, we anticipate that these individuals will be less susceptible to attribution biases after
their own failures. As discussed earlier, individuals with stronger beliefs in their abilities to exe-
cute a task will pursue higher goals. The education literature has shown that individuals who
set higher goals are less likely to attribute their worst marks to uncontrollable causes, such as
teachers' skills, compared to their counterparts (Walkey et al., 2013). This implies that individ-
uals with high perceived ability to learn will be more likely to attribute their own failures to
controllable factors, such as their own effort (Weiner, 1985). Mirroring these findings, the medi-
cine literature also notes that, on average, extensively trained experts are less likely to exhibit
overconfidence and erroneously believe their diagnoses are correct compared to novices
(Berner & Graber, 2008). Importantly, attribution theory suggests that individuals will continue
to be motivated to learn from their own failures when they attribute them to internal and con-
trollable factors (Diwas et al., 2013; Lapré & Cravey, 2022; Park et al., 2022).

In sum, we expect individuals with higher perceived ability to learn to persist longer in learn-
ing from their own failures than their counterparts through the mechanisms explained above.
Hence, we predict that the inverted-U-shaped relationship between one's accumulated failures and
learning hypothesized in H1 will shift to the right for these individuals, as depicted in Figure 1.2

In our context of cardiothoracic surgeons, we expect at least three types of surgeons to have
higher perceived ability to learn than others: those (1) with elite training in cardiothoracic sur-
gery, (2) with certified expertise in surgery, and (3) who specialize in patient care instead of
other tasks (e.g., teaching). This conceptualization is consistent with Greenwood et al. (2019)

2Please see Haans et al. (2016) for the moderation of U-shaped relationships. Moderation could result from either a
slope or intercept change in one of the latent processes underlying the U-shaped relationship. In our study, we are
proposing that the moderation mainly occurs through the intercept change in the motivation to learn from failures.
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who proposed that cardiologists with elite education, board certification, and extensive task
experience possess higher expertise than their counterparts.3 Due to their confidence and skills
in the task, and hence their elevated perceived ability to learn in the task, we argue these sur-
geons will maintain the motivation for learning from their own failures for a longer period than
others.4 Ultimately, we predict that these surgeons will cease learning from their own failures
at a significantly later point (i.e., at higher levels of accumulated failures) than surgeons who
perceive themselves to have lower ability to learn from their failures. Hence, we hypothesize:

Hypothesis H2. The inflection point of the inverted-U-shaped relationship hypoth-
esized in H1 will form at a later point for surgeons (a) with elite education, (b) with
certified expertise, and (c) who specialize in patient care, compared to their
counterparts.

3 | METHODS

3.1 | Empirical context, data, and sample

3.1.1 | Quantitative data

We test our hypotheses using comprehensive biannual data on cardiothoracic surgeons per-
forming isolated CABG surgeries in California, reported by the California Department of Health

FIGURE 1 Illustration of the relationship between individuals' own accumulated failures and individual

learning based on individuals' perceived ability to learn.

3Our three proxies loaded onto a common factor in an exploratory factor analysis using the Kaiser criteria.
4Notably, because confidence and skills in a task have been found to be highly correlated with a physician's perceived
ability to learn within the task in healthcare settings (Cook & Artino Jr, 2016), they are operationalized similarly in our
context. However, in other settings, perceived ability to learn may have to be captured independently. It is also worth
noting that some studies have found that greater task experience may result in cognitive biases such as overconfidence
or fear of failure, which could impede learning from failures (e.g., Gaba et al., 2023). However, such tendencies have
been found to be weak in healthcare settings (Berner & Graber, 2008; Shepherd et al., 2019).
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Care Access and Information (HCAI). Our context is favorable for testing our theory for several
reasons. First, high-stake failures that have significant impacts on individuals' emotions, moti-
vations, and behaviors can be objectively measured using an established measure in the litera-
ture, namely patient deaths resulting from the surgeries (Desai, 2015; Diwas et al., 2013;
Huckman & Pisano, 2006). Similarly, learning performance can be measured by examining
improvements in subsequent task performance (i.e., surgery performance) following failure
experiences (Argote, 2013; Argote et al., 2021; Dahlin et al., 2018). Second, individuals tend to
experience multiple failures across time, allowing us to test the non-monotonic relationship
between accumulated failures and learning. Third, we have access to fine-grained microdata on
each surgeon's background (e.g., education, certification, and specialization), enabling us to
capture how different types of individuals learn from their own failures in distinct ways.

We merged 10 data sources to build a panel dataset. First, we created the data of surgeons
who performed isolated CABG surgeries in California. As it was mandatory for hospitals to sub-
mit this data to the HCAI, the data represented the entire population of 493 surgeons who per-
formed isolated CABG surgeries in California from 2003 to 2018 (4446 observations). After
creating lagged variables, our final sample included 2808 observations of 307 surgeons who
experienced 4216 failures in 133 hospitals for eight periods from 2003 to 2018 (see Appendix A
for details).

Next, we collected data for moderators and control variables. To test H2a (elite education),
we collected data on each surgeon's cardiothoracic training hospitals. This data was hand col-
lected from multiple websites (see Appendix B for details). We identified elite cardiothoracic
training hospitals using the U.S. News & World Report's Best Hospitals for Cardiology and
Heart Surgery list. This ranking was determined based on objective and quantifiable data on
hospitals' patient care quality (e.g., surgery performance). To test H2b (certified expertise), we
collected data on surgeons' Fellow of the American College of Surgeons (FACS) status through
the websites listed in Appendix B. FACS designation was given only to surgeons who met
exceptional qualification standards. To test H2c (specialization), we retrieved mandatory sur-
veys filled out by surgeons, from the Medical Board of California website, which included infor-
mation on how each surgeon allocated time across different tasks (e.g., patient care, research,
etc.). Just as in universities where some faculty focus on research and some on teaching, some
surgeons specialize in patient care (surgeries) over other tasks. We expect these surgeons who
specialize in patient care to be better at understanding causes of surgical failures than others
who specialize in other domains, and thus, will be more willing to learn from them. Finally, we
used the HCAI's annual hospital utilization reports and the American Hospital Association's
annual surveys to create control variables.

3.1.2 | Qualitative data

To supplement our quantitative data, we also held 30-min to 1-h long semi-structured inter-
views with 25 surgeons and physicians affiliated with 17 medical centers. These interviews were
aimed at collecting qualitative data to gain deeper insights into our empirical context and cor-
roborate the validity of our measures and findings (Appendix C provides a summary of the
method, the interview format, and the informants). In addition to this interview data, we exten-
sively reviewed books authored by practicing cardiothoracic surgeons and qualitative studies
conducted in the context of healthcare to corroborate our quantitative findings.

LEE and PARK 11
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3.2 | Measures

3.2.1 | Dependent variable

Following prior literature, we measured learning from failures as an increase in a surgeon's per-
formance in the period after experiencing patient deaths (Desai, 2015; Diwas et al., 2013).
Patient risk-adjusted mortality rate is one of the most commonly used surgical performance
measures (Diwas et al., 2013; Huckman & Pisano, 2006). We captured each surgeon's perfor-
mance by reverse coding patient risk-adjusted mortality rate into patient risk-adjusted survival
rate (RASR), computed by subtracting patient risk-adjusted mortality rate from 1 (RASR = 1
means patient survival rate is 100%). To mitigate the risk of reverse causality, we measured sur-
geons' patient RASR at period t + 1 and the independent and control variables at period t.

3.2.2 | Independent variables

Following the literature on learning from failures, we measured surgeon's own accumulated fail-
ures in a focal hospital as the number of patient deaths experienced by a surgeon in a focal hos-
pital up to period t (Desai, 2015; Diwas et al., 2013).5 Importantly, all accumulated experience
variables in our study (including control variables) were discounted using a discount factor
between 0 and 1, to take into account potential knowledge depreciation (Huesch, 2009) and
changes in the intensity of negative emotions toward failures (Avgerinos et al., 2020).6 We used
the best-fit method used in prior studies to calculate the appropriate discount factor for each
experience variable (Argote et al., 1990; Desai, 2020) (see Appendix D for a note on calculating
the discount factor). For surgeon's own accumulated failures, the discount factor was .90. To test
the inverted-U-shaped relationship hypothesized in H1, we included this variable and the
squared term of it (termed “surgeon's own accumulated failures sq” hereafter).

To test H2a, we created interaction terms between elite education and the single and squared
term of surgeon's own accumulated failures. Cardiothoracic surgeons follow a standardized
training path of medical school, general surgery residency, and cardiothoracic residency. Some
also pursue advanced cardiothoracic fellowships. Our interviewees noted that surgeons receive
their most important hands-on training during their cardiothoracic residency and fellowship,
and thus the quality of training received at this level will greatly impact a surgeon's belief about
their abilities to learn. Following prior research (Burke et al., 2007; Greenwood et al., 2019), we
used the U.S. News & World Report ranking and coded elite education as 1 if a surgeon com-
pleted a cardiothoracic surgery residency or fellowship at the top 30 best hospitals for cardiol-
ogy and heart surgery, and 0 otherwise.7

To test H2b, we created interaction terms between certified expertise and the single and
squared term of surgeon's own accumulated failures. We coded certified expertise as 1 if surgeons
had a FACS designation in period t, and 0 otherwise. As aforementioned, to become a FACS,

5We measured a surgeon's accumulated own failures at each hospital rather than across all affiliated hospitals because
individuals' task experiences have been suggested to be hospital-specific in this context (Huckman & Pisano, 2006).
6The discount factor of 0 means that the effect of the experience depreciates immediately and 1 means that the effect of
the experience does not depreciate over time.
7These were hospitals ranked top 30 at least once during 2011–2014. The year 2011 was the first year that we had public
access to the ranking data and 2014 was the latest cardiothoracic training completion year for our sample surgeons.
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surgeons had to meet exceptional standards set by the College, and thus we expect those with this
designation to have higher perceived ability to learn from failures than surgeons who do not.

To test H2c, we created interaction terms between specialization and the single and squared
term of surgeon's own accumulated failures. Surgeons engage in various tasks including patient
care, research, teaching, administration, and telemedicine. We operationalize surgeons who spent
most time on patient care among these tasks (i.e., those who were specialized in surgery) as those
with higher perceived ability to learn from failures. The surgeons in our data mandatorily
reported to the Medical Board of California every 2 years how much time they spent on each task.
We coded specialization as 1 if surgeons spent most time on patient care, and 0 otherwise.8

3.2.3 | Control variables

We controlled for various individual and hospital level characteristics that can affect surgeons'
performance, including surgeon's accumulated isolated CABG surgeries, surgeon's accumulated
others' failures, surgeon's average surgery complexity, (surgeon's) multiple hospital affiliation, hos-
pital's accumulated isolated CABG surgeries, hospital's accumulated inpatient surgeries, hospital's
number of surgeons, hospital's trauma center, hospital's cardiac ICU, teaching hospital status, sur-
geon turnover, and number of hospitals in region (see Appendix E for details on the construction
of these variables). Table 2 reports the descriptive statistics and correlations for all the variables
included in our analyses.

3.3 | Econometric models

Since our dependent variable (i.e., surgeon's patient RASR) is bounded by 0 and 1, we test our
hypotheses using fractional logit regression models (Papke & Wooldridge, 1996). These log-linear
models are most appropriate for our data, as some surgeons started accumulating surgery (and
failure) experiences before the start of our data. Log-linear learning models have been used to
yield unbiased coefficients when experience variables were left-censored in learning curve studies
(Diwas et al., 2013; Lapré & Tsikriktsis, 2006). Equation (1) shows the model for testing H1:

ln
E Patient RASRi,h,t+1ð jXÞ

1−E Patient RASRi,h,t+1ð jXÞ
� �

=β0+β1accum:own failuresi,h,t+β2accum:own failuresi,h,t
2

+β3Si,t+β4Hh,t+λi,h+τt+ui,h,t ð1Þ

In this equation, i, h, and t indicate the surgeon, hospital, and period, respectively. The
dependent variable was measured at period t + 1 and the independent and control variables
were measured at period t to mitigate reverse causality. Si,t and Hh,t are vectors of surgeon- and

8We used responses from 2010 to 2016 as 2010 was the earliest available data. We imputed 2010 survey values for
periods before 2010. The response rate was 96%. Missing values were coded as spending zero hours on the task. H1 and
H2c were robust to dropping missing observations or using a measure based on a single-year response (year 2018).
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hospital-level control variables. We also included surgeon-hospital dyad fixed effects λi,hð Þ
and period fixed effects (τt). We clustered the standard errors by surgeon-hospital dyads. In this
model, H1 will be supported if surgeon's own accumulated failures β1ð Þ has a positive coefficient
and surgeon's own accumulated failures sq (β2) has a negative and statistically meaningful coeffi-
cient (Haans et al., 2016). −β1=2β2 is the inflection point at which surgeons cease learning.

Equation (2) shows the model that includes the interaction terms for testing H2a–c:

ln
E Patient RASRi,h,t+1ð jXÞ

1−E Patient RASRi,h,t+1ð jXÞ
� �

=β0+β1accum:own failuresi,h,t+β2accum:own failuresi,h,t
2

+β3accum:own failuresi,h,t×Z+β4accum:own failuresi,h,t
2×Z

+β5Z+β6Si,t+β7Hh,t+λi,h+τt+ui,h,t ð2Þ

Z represents elite education, certified expertise, and specialization for H2a–c, respectively. The
inflection point for surgeons with low perceived ability to learn (Z = 0) will form at −β1=2β2,
whereas it will be at − β1+β3ð Þ=2 β2+β4ð Þ for surgeons with high perceived ability to learn
(Z= 1). Because we hypothesize that the inflection point comes later for surgeons with higher
perceived ability to learn than others, H2a–c will be supported if − β1+β3ð Þ=2 β2+β4ð Þ is greater
than −β1=2β2 and a Wald-type test rejects the null that the two are equal (Medappa &
Srivastava, 2019).

Importantly, our empirical approach closely follows the latest guidelines for research on
learning from failures recommended by Bennett and Snyder (2017). In their study, they ana-
lyzed placebo data, which by design, should not show a learning effect, and found that model
specifications commonly used in failure learning research might erroneously indicate a signifi-
cant learning effect where none exists. They specifically cautioned researchers about two empir-
ical biases that prior literature on learning from failures have been prone to: the induced slope
effect—which can occur when cumulative failures and successes (or their linear combinations)
are included in a single model—and the unit-root problem—which can occur when using the
cumulative history of failures as an independent variable. To mitigate the induced slope effect
while not excluding a theoretically meaningful confounder, surgeons' total experience in iso-
lated CABG surgeries, we controlled for each surgeon's total number of isolated CABG surgeries
across all affiliated hospitals, instead of the focal hospital (see Appendix F for a comprehensive
discussion on this model choice). Additionally, to address the unit root problem, we confirmed
the absence of the unit root problem in our independent variable using the Fisher-type Phillips-
Perron unit root test. Finally, we assessed potential mechanical effects in our analyses by con-
ducting a placebo test (detailed in the robustness checks and Appendix H).

4 | RESULTS

4.1 | Empirical test of hypotheses

Table 3 shows the results of the analyses that tested our hypotheses. Model 1 includes the con-
trol variables only. Surgeon's patient RASR was positively associated with (1) surgeon's
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accumulated others' failures, suggesting that surgeons learned from other surgeons' failures
(p = .02); (2) surgeon's average surgery complexity (p = .00), implying that a surgeon learned
more from performing complex surgeries than simple ones; and (3) number of hospitals in
region (p = .02), consistent with the possibility of cross-hospital learning or a hospital being sit-
uated in a region with higher healthcare quality on average.

To test the inverted-U-shaped relationship predicted in our H1, we included surgeon's own
accumulated failures and surgeon's own accumulated failures sq in Model 2 of Table 3. The coef-
ficient for surgeon's own accumulated failures was positive (p = .00), and the coefficient for sur-
geon's own accumulated failures sq was negative (p = .00), supporting H1. Figure 2 depicts the
relationship between a surgeon's performance (the logit-transformed expected surgeon's patient
RASR) at period t + 1 and a surgeon's own accumulated failures up to period t. Performance
increases until a surgeon experiences a certain number of patient deaths. However, after that
point, the surgeon's performance decreases as more patient deaths are experienced, consistent
with our theory. Especially, the results support our prediction that these individuals will experi-
ence declining performance once they give up learning from their own failures because they
will continue behaving in ways that led to failures and not update their existing knowledge
although the task environment is changing.

To test H2a, we introduced interactions between elite education and the single and squared
term of surgeon's own accumulated failures in Model 3 of Table 3. We were interested to see
how the inflection point of the inverted-U relationship in H1 differed based on elite education.
Unlike conventional methods of moderation hypothesis testing in which interaction terms' coef-
ficients are examined, testing the difference in inverted-U curves' inflection points (e.g., H2a–c)
requires computing the inflection points for a given pair of surgeon types based on coefficient
estimates and examining whether the two points statistically differs (see Medappa &
Srivastava, 2019).9 Thus, as mentioned in the econometric models section, we tested whether
the inflection point for surgeons without elite education −β1=2β2ð Þ occurred earlier than that
for those with elite education − β1+β3ð Þ=2 β2+β4ð Þð Þ and ran a Wald-type test to check if the
two points were statistically different. Figure 3 depicts the results for H2a. Surgeons without

FIGURE 2 Relationship between surgeon's own accumulated failures and surgeon's performance. Surgeon's

performance is expressed as logit-transformed expected surgeon's patient risk-adjusted survival rate (RASR).

9That is, testing H2a–c does not involve directly interpreting the statistical significance of the regression coefficients.
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elite education reached the learning inflection point earlier than those with elite education
(p= .02), supporting H2a.

Similarly, we tested H2b by including the interactions between certified expertise and the sin-
gle and squared term of surgeon's own accumulated failures in Model 4 of Table 3. Figure 4
shows the results for H2b. Surgeons without certified expertise reached the learning inflection
point sooner than surgeons with certified expertise (p = .00), supporting H2b. Next, we tested
H2c by adding the interactions between specialization and the single and squared term of sur-
geon's own accumulated failures in Model 5 of Table 3. Figure 5 depicts the results for H2c.
Surgeons who did not specialize in patient care reached the learning inflection point earlier
than surgeons who specialized in patient care (p < .00), supporting H2c. Finally, Model 6 of
Table 3 shows the full model with all interaction terms to test Hypotheses 2a–c. Results were in
line with Hypotheses 2a–c (H2a, p = .07; H2b, p = .06; H2c, p = .00). In sum, all our hypotheses
were supported.

FIGURE 3 Relationship between surgeon's own accumulated failures and surgeon's performance moderated

by elite education. Surgeon's performance is expressed as logit-transformed expected surgeon's patient risk-

adjusted survival rate (RASR).

FIGURE 4 Relationship between surgeon's own accumulated failures and surgeon's performance moderated

by certified expertise. Surgeon's performance is expressed as logit-transformed expected surgeon's patient risk-

adjusted survival rate (RASR).
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4.2 | Qualitative evidence corroborating the empirical results

We found high consistency between our empirical results and our qualitative data. For example,
related to the increase in opportunities to learn as failures accumulate, one surgeon told us:

Having more of an experience base allows you to see a pattern where a person with
less experience, or fewer mistakes, or fewer complications might have a hard time
seeing a pattern.

Similarly, another surgeon highlighted the learning opportunities generated by each addi-
tional failure experience:

We may look the same, but inside, ischemic heart muscle, it has all these different
coronaries with different blockages and stuff. … And also the myocardium's differ-
ent. … So we discuss the physiology, the history of the operation, how it was per-
formed, the pathophysiology and the pathology, what happened (each time a
surgery does not go well).

This was consistent with how a leading cardiac surgeon, Stephen Westaby (2017) described
the diversity of learning opportunities gained by each surgery in his autobiography Open Heart:

There I found that every heart is different. Some are fat, some are lean. Some are
thick, some are thin. Some are fast, some are slow. (p. 5)

Our interviews also revealed surgeons' motivation to learn from their own failures, espe-
cially from their earlier ones, despite feeling negative emotions from the failure. For example,
describing his early failure, one physician explained:

If a person dies or goes to the ICU… it does wear on you because it's a person dying
because of the mistake you've made. Then you have to talk to their family and cope

FIGURE 5 Relationship between surgeon's own accumulated failures and surgeon's performance moderated

by specialization. Surgeon's performance is expressed as logit-transformed expected surgeon's patient risk-

adjusted survival rate (RASR).
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with their reactions. So there's always that component of guilt and sadness. I think
you need a day or two to process it emotionally. Then, you start thinking about
what you could have done or like at least know what would have helped in those
situations so that you don't make similar mistakes in the future.

However, as negative emotions accumulated due to repeated failures, due to experiences
such as the following one that one of our interviewees had, “(At the hospital I used to work for,)
someone would come up and say, ‘Man, you killed that patient,’ and I took it so hard,” it seemed
that some surgeons could fall into the state of helplessness. For example, one surgeon told us:

(After repeated failures) I would feel so frustrated. I would seriously doubt whether
I deserve to be a surgeon. A few negative events could be learning opportunities
but if it happens more than that, I don't think I qualify.

This sort of helplessness seemed to eventually lead surgeons to cease learning from their
failures. At the same time, we also found evidence of surgeons blaming their failures on other
factors as they accumulated failures. For example, a surgeon explained:

(Once I had an error), and the error kind of centered around a very dramatic bleed-
ing episode that took place immediately after an operation. There was some wiggle
room as to whether it was a surgical technique problem … my ego made me look at
all the other possible options and kind of cling to those to kind of protect my ego.

Similarly, another physician explained:

You play golf? It's like repeatedly slicing a ball into the woods, the water, or
another fairway and coming back to the golf cart saying that you've used the wrong
golf club or ball. Even if it's your fault you start blaming failures on other things
because you think you've done enough. That is why people's golf stops improving.
The same goes for surgery if you get into that mindset.

It is important to note that qualitative data does not allow for testing of causality. Especially,
the process of gathering our own interview data had its unique limitations that may have made
it susceptible to biases such as social desirability bias, self-selection bias, attribution bias, and
recall bias. For example, our limited existing connections with cardiothoracic surgeons, their
constrained time availability due to demanding schedules, and their general reluctance to dis-
cuss their failures (i.e., patients' deaths) could have contributed to such biases, should they have
arisen. Nevertheless, alleviating these concerns, we found that our informants, despite being
interviewed independently, displayed surprisingly consistent perspectives that aligned with our
proposed mechanisms.

4.3 | Robustness checks

First, we confirmed H1's inverted-U relationship using procedures proposed by Lind and
Mehlum (2010) (see also Haans et al., 2016). The slope of the curve was positive at the lower
bound (p = .00) and negative at the upper bound (p = .00) of surgeon's own accumulated
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failures. In addition, the inflection point and the 95% confidence interval of the point were
within the data range of surgeon's own accumulated failures. We also conducted a sensitivity
analysis by excluding surgeon-hospital dyads with extreme surgeon's accumulated own failures
values (1st and 99th percentile cut-offs) and found robust results. Furthermore, we retested H1
using an Arellano-Bond linear dynamic panel model that controlled for the lagged dependent
variable, to control for the possibility that surgeons' past performance predicted their future per-
formance. Results were robust.

Next, we reexamined our hypotheses after limiting our sample to surgeons in hospitals with-
out thoracic residency programs during the focal period. While all surgeons confirmed that they
were responsible for the patient deaths reported to the HCAI, a resident might have performed
a surgery instead of an attending surgeon as part of training. To rule this out, we identified hos-
pitals offering thoracic residency from the Accreditation Council for Graduate Medical Educa-
tion website and excluded those observations. All the hypotheses were supported in this
alternative test (H1, p = .00; H2a, p = .04; H2b, p = .00; H2c, p = .00) (see Appendix G for the
results).

Finally, we followed Bennett and Snyder's (2017) recommendation to investigate whether
our results were primarily driven by mechanical relationships between variables that can cause
regression coefficients to deviate from zero even in random data. To assess this, we conducted a
placebo test using randomly generated variables created based on the characteristics of our
actual data. Notably, our data exhibit some mechanical effects, likely attributable to correlations
among input variables in the model (see Bennett & Snyder, 2017). Nevertheless, these effects
were not substantial enough to suggest that our original findings were primarily driven by
them. Specifically, the coefficients of our original results exhibited magnitudes that were
beyond the ±2 standard error of those predicted by the placebo models, implying that we have
extracted meaningful information from the original models (see Appendix H for more details
on the placebo test).

5 | ADDITIONAL ANALYSES

5.1 | Examination of learning from others' failures to test
mechanisms driving H1

While we cannot directly measure surgeons' motivation using our data, examining learning from
other surgeon's failures can provide insights for validating our proposed mechanisms. Specifically,
experiencing others' failures would increase a surgeon's opportunity to learn (through vicarious
learning), but would not affect the surgeon's motivation to learn (since others' failures are unlikely
to evoke negative emotions or attribution biases). Based on this logic, we test the single and
squared term effects of surgeon's accumulated others' failures on a surgeon's patient RASR. We
expect the single-term coefficient to be positive and statistically meaningful but the squared term's
coefficient to be statistically insignificant. Appendix I presents the results of this test.

Model 1 in Appendix I first shows the results of the regression that tests the effect of sur-
geon's accumulated others' failures on surgeon's patient RASR, while controlling for our original
independent variables and covariates. As predicted, the results showed that surgeons learned
from others' failures (p = .02). Likewise, in Model 2, the squared term of surgeon's accumulated
others' failures was statistically insignificant (p = .47), whereas the single term remained posi-
tive (p = .08), in line with our prediction.
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5.2 | Were surgeons restricted from performing (certain) surgeries
upon experiencing failures?

We can imagine surgeons being restricted from performing further surgeries altogether if they
are responsible for an increasing number of patient deaths, which in turn, could bias our data.
To examine this possibility, we tested whether surgeon's patient RASR at a hospital at period
t predicted surgeon's number of isolated CABG surgeries at a hospital at period t + 1, using a
Poisson model with the same control variables and specifications as our original models (see
Model 1 in Appendix J for results). The coefficient of surgeon's patient RASR was positive but
statistically insignificant (p = .14), suggesting no statistically meaningful relationship between
the number of failures in the focal period and the number of surgeries surgeons performed in
the next period.

However, it is possible that worse-performing surgeons are precluded from performing high-
risk surgeries, which would also bias our results if those surgeons experienced fewer failures due
to only performing lower-risk surgeries. We examined this possibility by testing whether sur-
geon's patient RASR at a hospital at period t positively predicted surgeons' patient expected mor-
tality rate (the variable that reflects surgery complexity) at period t + 1. The coefficient of
surgeon's patient RASR was positive, but statistically insignificant (p = .36) (see Model 2 in
Appendix J). Overall, these results suggest that individuals who experienced more failures were
not kept from performing additional surgeries or assigned to simpler surgeries in the next
period.

5.3 | Did surgeons with higher ability to learn perform more complex
surgeries than others?

It is also possible that surgeons who received elite education, had certified expertise, and spe-
cialized in patient care performed more complex surgeries than other surgeons. Because per-
forming complex surgeries could offer more learning opportunities (e.g., Stan &
Vermeulen, 2013), different learning opportunities instead of different levels of perceived ability
to learn could have driven the results for H2a–c. Thus, to rule out this alternative explanation,
we ran t-tests to investigate whether surgeons who did versus did not have elite education, certi-
fied expertise, and specialization had statistically different patient expected mortality rates for
their surgeries in each period. Results, presented in Appendix K, show that there was no sys-
tematic difference in the mean patient expected mortality rates between the two types of
surgeons.

5.4 | Does surgeons' motivation to learn from their own failures
decrease as they become more senior?

Finally, an alternative explanation for the decrease in motivation to learn from their own fail-
ures is that surgeons feel greater security as they become more senior. Because senior surgeons
have relatively established professional status, they may not feel as pressured as junior
surgeons to prove themselves and improve their performance by learning from their failures.
This would be a qualitatively different mechanism through which the motivation to learn from
failures decreases compared to the ones we argued for. Contrary to this argument, the
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correlation between surgeon's own accumulated failures and a surgeon's professional tenure in
our sample was low (r = .20), suggesting that surgeons who had accumulated many failures
were not necessarily the ones who were more senior. Results for H1 were also robust to limiting
our sample to junior surgeons with five or fewer years of professional tenure, who would not be
subject to this alternative explanation.

6 | DISCUSSION AND CONCLUSION

This article set out to better understand how individuals learn from their own failures, an
important microfoundational process that influences organizational learning and firm perfor-
mance. Despite increasing attention to this process (Avgerinos et al., 2020; Diwas et al., 2013;
Eskreis-Winkler & Fishbach, 2019; Lapré & Cravey, 2022; Wilhelm et al., 2019), existing theo-
ries and findings have been inconsistent: some studies theorized and documented positive
effects of individuals' own failures on learning, whereas others theorized and found negative
effects of such experiences on learning. In a recent review on this topic, Dahlin et al. (2018)
emphasized that researchers should jointly consider the interplay among three mechanisms—
the opportunity, motivation, and ability to learn—to better understand how individuals learn
from failures. Responding to this call for sharper theoretical frameworks on failure learning, we
developed and tested a theoretical model on individual failure learning that mutually considers
the effects of the opportunity, motivation, and perceived ability to learn from failures.

We theorized that the relationship between an individual's own accumulated failures and
learning will form an inverted-U shape—driven by opposing forces between an individual's
opportunity and motivation to learn as failures accumulate—and that this relationship will be
moderated by the individual's perceived ability to learn. Using extensive panel data on 307 car-
diothoracic surgeons who performed isolated CABG surgeries in California across 16 years, we
found support for our hypotheses. To the best of our knowledge, ours is the first paper in this
literature to document a non-monotonic relationship between an individual's own accumulated
failures and learning, and we believe this result has important implications.

To begin with, future studies examining individual-level failure learning should be aware of
the possibility that the net effect of failures can differ in certain ranges and consider an
inverted-U relationship between individuals' own failures and learning as a baseline theoretical
prediction, especially in contexts where failures occur repeatedly and hold significance for indi-
viduals (e.g., Avgerinos et al., 2020; Diwas et al., 2013; Lapré & Cravey, 2022; Wilhelm
et al., 2019). In fact, the mixed findings observed in prior studies within this domain might be
due to specific samples. According to our theory, if the sample was one where individuals had
very few or too many accumulated failures, the results may show limited or no learning from
an additional failure (e.g., Diwas et al., 2013). Conversely, in samples where individuals have
moderate levels of accumulated failures, the results are likely to demonstrate substantial learn-
ing (e.g., Lapré & Cravey, 2022).

In our study, on average, individuals continued to learn from their own failures, albeit at
progressively slower rates, until they reached significantly high levels of accumulated failures
(approximately 3.5 standard deviations above the mean value of accumulated failures). How-
ever, beyond this threshold, and particularly when the surgeons reached extreme levels of accu-
mulated failures, their performance steeply declined, suggesting that their learning efforts
effectively ceased after reaching this point. It is critical to note that the above explanation per-
tains to average effects in our context. When considering individual characteristics, we observed
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a significant drop in the threshold. For instance, for surgeons who were not specializing in
patient care, the threshold even dropped to one standard deviation above the mean of accumu-
lated failures (see Figure 5).

Notably, the thresholds at which individuals “give up” on learning from their failures may
vary depending on the empirical context and the individuals experiencing the failures. In our
study, we specifically examined a context where failures were high stakes and significantly
impacted the surgeons' emotions, motivations, and behaviors. Thus, it is reasonable (and reliev-
ing) to find that the average threshold at which individuals cease learning occurred at very high
levels since surgeons would seek to avoid failures as much as possible. However, it is important
to recognize that in other contexts, this pattern may not hold, and the threshold may appear at
lower levels of accumulated failures. Taken together, we recommend that future researchers
not only consider the potential inverted-U relationship between individuals' accumulated fail-
ures and learning, but also examine the variance in the relationship stemming from the contex-
tual and individual level factors.

In our study, we observed heterogeneity in the degree to which individuals learned from
their failures as a consequence of varying levels of individuals' perceived ability to learn. Specifi-
cally, surgeons with elite education, certified expertise, and specialization in patient care
exhibited a longer persistence in learning from their own failures compared to their counter-
parts. Our theory posited that these individuals possess higher perceived ability to learn than
their counterparts, resulting in stronger motivation to learn and, consequently, reduced vulner-
ability to negative emotions and attribution biases associated with repeated failures. Impor-
tantly, in other contexts, other individual characteristics may reflect an individual's perceived
ability to learn from their own failures. Therefore, researchers examining other empirical set-
tings should adapt their predictions and measures to account for any differences from our
context.

A more nuanced implication of our study's results is that not all experiences necessarily lead
to learning, and they can even be detrimental to learning. The experiential learning literature
has often viewed experience as a beneficial source of learning (see Argote et al., 2021 for a
review). However, this may not hold for all types of experiences, especially ones that can elicit
negative emotions or attribution biases such as failures. In fact, research has shown that even
some positive experiences could deteriorate learning (Schumacher et al., 2020). We believe it is
crucial for researchers in this domain to consider not only the opportunities for learning that
experiences bring, but also other consequences that they lead to, such as changes in the motiva-
tion to learn.

We believe our results also have important implications for learning at the organizational
level. Organizations are aggregates of individuals; hence, learning by individuals will affect
organizational learning. What may seem like a variance in learning rates across organizations
could be driven by different learning rates of individuals. Thus, understanding how to improve
individuals' learning would be useful for improving organizational performance. Our results
suggest that individuals' motivation to learn is an important mechanism for learning from fail-
ures and that individuals who have qualifications or past experiences associated with higher
perceived ability to learn will have higher motivation to learn, and thus persist longer in learn-
ing. While our study focused only on individual learning from their own failures to understand
this baseline relationship more deeply, future studies could extend this study to examine how
multiple individual-level learning processes aggregate to affect organizational outcomes.

Naturally, our results have implications for organization design and strategic human capital
management, especially in the areas of hiring and training. Future research could further
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investigate the organizational factors that can help individuals be more resilient to the negative
effects of failures. While it is understandable that organizations prioritize attributes of job appli-
cants that signal their potential for success within the organization, our findings suggest that it
is equally important for hiring organizations to consider attributes that make individuals more
resilient to failures, especially in settings where repeated failures that carry significance are
inevitable (e.g., R&D labs, start-ups, etc.). Our results also imply that training will be important
for employees to learn more from their failures. The literature on self-efficacy has demonstrated
that self-efficacy can be trained (Davis et al., 2000; Eden & Aviram, 1993). Relatedly, it has been
found that organizational culture that emphasizes positive employee morale and growth min-
dsets can encourage individuals to frame errors as learning opportunities (Dahl & Werr, 2021).

Our findings come with some caveats. First, failures occur in different forms across different
contexts. In our context, failures are high stakes that involve patient deaths. Hence, the negative
emotions triggered by these failures or the likelihood of attribution biases are likely to be larger
than when the stakes are not as high. For example, some studies have examined near-misses or
errors (Dillon & Tinsley, 2008; Madsen et al., 2016; Ramanujam & Goodman, 2011) or less
severe failures such as product recalls (Haunschild & Rhee, 2004). Although we predict that the
processes we theorized in our paper will occur similarly in most failure-related situations (albeit
to different degrees), more research is needed to examine the learning outcomes of experiencing
different types of failures. Second, our context involved situations where repeated failures were
sometimes beyond the control of the individual. In such contexts, individuals may be more
inclined to attribute their failures to external causes as more failures accumulate. Additionally,
our setting allowed individuals with relatively high levels of accumulated failures to remain in
the organization despite their failures. Thus, it would be valuable to see future studies examin-
ing the relationship in other contexts where termination from the organization is more likely.

Third, our study could have benefitted from using more fine-grained, surgery-level data,
since it would have enabled us to examine individual learning patterns in greater granularity.
For instance, with access to this level of data, we could not only have better identified the
threshold at which surgeons might cease learning from failures, but we could have also
explored potential variations in the effects of failures on individual learning, such as the impact
of failures that were highly anticipated versus unexpected, which may potentially have different
magnitudes of impact on the learner. Unfortunately, the HCAI did not publicly offer such data,
and as a result, these topics remain as future research agendas. Nevertheless, one important
advantage of our data is that it included a substantially larger number of failures compared to
prior studies (e.g., approximately four times the amount in Diwas et al. (2013) who studied a
similar topic but using surgery-level data), allowing us to capture the effects of accumulated
failures at higher ranges.

Fourth, as we explained in our robustness check section, a portion of the results regarding
the effects of failures on individual learning may have been influenced by mechanical effects.
Encouragingly, a placebo test that we conducted, following the approach outlined in Bennett
and Snyder's (2017) research on the empirics of learning from failures, indicated that the
mechanically induced effects were not substantial enough to suggest that our findings were pri-
marily driven by such effects. In addition, we have included a comprehensive set of control vari-
ables that are both theoretically relevant and available to us in our models. Bennett and Snyder
(2017) explain that such control variables can weaken or mitigate any mechanically induced
effects (p. 4). Nevertheless, we caution readers to exercise prudence when interpreting our
results.
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Finally, due to data limitations, we could not directly measure or manipulate our theoretical
mechanisms. We considered running lab experiments, but manipulating the effects of failures,
especially ones that significantly matter to the subject and those that repeat over time, did not
seem feasible nor realistic in such environment. To offset this limitation, we complemented our
empirical results with qualitative data and conducted an array of additional analyses to rule in
our theorized mechanisms and rule out alternative mechanisms. Notwithstanding, we encour-
age future studies to investigate the mechanisms using contexts and methods that allow stron-
ger identification.

Overall, our research contributes to the literature on individual failure learning and organi-
zational learning. We especially hope that our paper renews existing perspectives on the rela-
tionship between individuals' own failures and learning, presenting exciting opportunities for
better understanding the micro-processes of organizational learning and, ultimately, their
effects on firm performance. Our findings can also inform organization design and strategic
human capital management practices, emphasizing the significance of considering individual
attributes that foster resilience to failures. We anticipate that our work will inspire further
research in this area and contribute to the broader understanding of learning processes within
organizations.
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