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The more severe the merrier: Severity of error
consequences stimulates learning from error

Nina Keith1* , Dorothee Horvath1 and Alexander Klamar2

1Technical University of Darmstadt, Germany
2Leuphana Universit€at L€uneburg, Germany

Errors at work can lead to learning but little is known about error attributes and person

attributes that make learning more or less likely. This research tested the role of severity

of error consequences (error attribute) and trait negative affectivity (person attribute)

for learning from error. In two experimental vignette studies, participants responded to

written error scenarios that typically happen to university students (Study 1,N = 216) or

to employees at work (Study 2,N = 121). In support of the view that error consequences

need to be severe enough to attract attention, severity of error consequences increased

both affective learning (perceived utility of the error; Studies 1 and 2) and cognitive

learning (correctly recalled error scenarios; Study 2). In both studies, trait negative

affectivity was associated with decreased affective learning when error consequences

were severe (interaction effect). The results suggest that some errors at work – at least
errors with minor consequences – may not receive much attention and are easily

forgotten. To fully exploit learning opportunities, organizations should give attention to

all errors and take them seriously, irrespective of severity of immediate error

consequences.

Practitioner points

� Whether errors in organizations receive attention seems to depend on severity of error

consequences, rather than on errors per se and their informational value.

� This implies that valuable learning opportunities of errors may be missed.

� To fully exploit learning opportunities, managers should encourage open communication and learning

from error and avoid unproductive blaming.

� This particularly applies to dispositionally anxious individuals who may feel threatened by errors more

easily and who may, in turn, respond defensively.

Much of human learning is learning from error. Toddlers learn how to walk by falling; in

education, students learn – or are at least expected to learn – from errors theymake; and in

working life, individuals, teams, and organizations can improve by learning from error

(Edmondson, 1999; Sitkin, 1992). Even on a societal level, learning from error may be

described as a substantial contributor to the development of culture (Frese&Keith, 2015).
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Given this pervasiveness of learning from error, onemay expect an extensive literature on

learning from error in various areas of applied psychology. In fact, research generally

demonstrates that making errors may improve learning in educational (e.g. Kapur, 2014;

Metcalfe, 2017) and in occupational training settings (e.g. Keith & Frese, 2008). Also, in
organizational andmanagerial psychology, errors are increasingly acknowledged as being

both a by-product and an elicitor of learning and innovation (e.g. Baumard & Starbuck,

2005; van Dyck, Frese, Baer, & Sonnentag, 2005; Sitkin, 1992).

Yet, apart from this general evidence indicating that errors can lead to learning,

research is scarce on particular error attributes that make learning from error more or less

likely. It seems intuitive that not every error automatically leads to learning but that

learning from error occurs only under certain conditions (Frese & Keith, 2015; Madsen &

Desai, 2010; Metcalfe, 2017; Tucker & Edmondson, 2003). Similarly, not all individuals
may effectively learn from error, depending on certain person attributes (cf. Carter &

Beier, 2010; Keith, Richter, &Naumann, 2010; Loh, Andrews, Hesketh, &Griffin, 2013). A

better understanding of these conditions and attributes may contribute to a better

exploitation of the potentially rich information inherent in errors.

The present research focuses on one error attribute and one person attribute and their

role in learning fromerror. In particular,wepropose that learning increases as the severity

of error consequences increases (i.e. error attribute) and that trait negative affectivity (i.e.

person attribute) may negatively contribute to learning from error. We tested our
predictions in two experimental vignette studies in which participants responded to

carefully developed error scenarios that systematically differed with regard to severity of

error consequences (cf. Aguinis & Bradley, 2014). To assess learning from error, we used

one affective and one cognitive learning measure. We also assessed participants’ trait

negative affectivity.

Our research contributes to the existing literature in the following ways. First, with

few exceptions (Homsma, van Dyck, De Gilder, Koopman, & Elfring, 2009; Zakay, Ellis, &

Shevalsky, 2004), error attributes and their relation to learning have not been explored in
previous research. Our study adds to this relatively small body of research. Second,

previous studies in this domain have mostly used non-experimental field data (Homsma

et al., 2009; Madsen & Desai, 2010). This field data are useful in describing errors in their

natural context and their potential associations with learning. Yet, they remain

inconclusive with regard to causality. Establishing causality is important, because errors

observed in the field may have several possibly unknown and potentially confounded

attributes that affect learning (Frese & Keith, 2015). For example, severity of error

consequences may be confounded with other undetected error attributes (e.g. system
complexity) that are the actual drivers of learning. An experimental manipulation of

isolated factors helps to clarify whether an error attribute is the actual cause or merely a

correlate of learning. We, therefore, view our experimental approach as a valuable

complement to existing correlational research. Experimental research alone may raise

issues regarding generalizability and applicability to employees in their organizational

context.However, convergenceof results of non-controlled field studies andof controlled

but less natural experimental studieswould raise confidence in the validity of findings and

their implications. Third, by explicitly including a person attribute (i.e. trait negative
affectivity), we extend previous research which, to our knowledge, has not simultane-

ously considered error attributes and person attributes in view of learning from errors at

work. Research from so-called error management training, which is an exploratory

training method that explicitly encourages making errors and learning from them during

training, indicates that not all individuals equally benefit from making errors during
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training. Rather, there may be aptitude–treatment interactions, that is, learning from

errors during training may be contingent upon certain person attributes (e.g. Carter &

Beier, 2010; Loh et al., 2013). In a way, we adopt this basic idea from formal training

research to the informal setting of learning from errors at work. From studying effects of
error attributes, person attributes, and their potential interactions on learning from error,

we expect valuable insights for how learning from error can be maximized in

organizational practice. In the following section, we define and distinguish pertinent

concepts and we develop our hypotheses in more detail.

Theory and hypotheses

Errors and learning from error

Errors occur in goal-directed actions and involve deviations from plans or goals that were

unintended and potentially avoidable (e.g. Frese & Keith, 2015; Reason, 1990; Zhao &

Olivera, 2006). The subjective experience of errors is associated with the feeling that one
‘should have known better’ (Hofmann & Frese, 2011, p. 8). Violations, in contrast,

involve intended deviations from standards or norms (e.g. a deliberate violation of safety

protocol in order to save time; Hofmann& Frese, 2011; Zhao &Olivera, 2006). Errors also

need to be distinguished from their consequences, because not all errors necessarily lead

to adverse outcomes, depending on the particular circumstances underwhich they occur

(Frese & Keith, 2015; Hofmann & Frese, 2011). For example, administering the wrong

drug to a patientmay ormay not lead to adverse effects, depending on the patient’s health

condition and on the particular drug that was administered erroneously (Homsma et al.,
2009). Also, some errors (e.g. a typo, a miscalculation, or an incomplete procedure) may

be detected and corrected immediately, before any negative error consequences can

unfold (Frese & Keith, 2015).

Within the tradition of action regulation theory (e.g. Frese&Zapf, 1994; Hacker, 1973,

2003; Zacher & Frese, 2018), errors are thought to have a pivotal role for learning. Action

regulation theory considers humans as active agents. By acting and interacting with the

(work) environment, humans develop and refine theirmentalmodels of the systemor task

at hand (Frese & Zapf, 1994; Hacker, 1973, 2003; Heimbeck, Frese, Sonnentag, & Keith,
2003). In this context, erroneous actions serve important informatory functions; they

constitute negative but informative feedback that predicts learning and personal

development, even more so than positive feedback (Frese & Keith, 2015; Zacher &

Frese, 2018). Errors pinpoint where one’s mental models are incorrect (Heimbeck et al.,

2003; Keith & Frese, 2005, 2008.) Other scholars, too, have described errors as a valuable

source of information ‘about ways in which the system is not working’ (Tucker &

Edmondson, 2003, p. 57) or as ‘negative surprises’ (Cannon & Edmondson, 2005, p. 300)

that ‘prompt learners to stop and think about the causes of the error’ (Ivancic & Hesketh,
1995/1996, p. 1968). Errors encourage conscious and deeper level processing which in

turn increases learning and retention (Craik & Lockhart, 1972). From a motivational

perspective, too, errors may lead to learning, because errors interrupt the flow of action

and signify that something is wrong and needs to be changed (Heimbeck et al., 2003;

Keith & Frese, 2011).

In line with this theorizing, research has shown that training methods that explicitly

encourage making errors during training can be more effective than error-avoidant

trainingmethods (for an overview, see Keith & Frese, 2008), particularly for higher-ability
trainees (e.g. Carter & Beier, 2010; Loh et al., 2013) and individuals higher in openness to
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experience (Gully, Payne, Koles, & Whiteman, 2002). Also, organizations that explicitly

adopted a culture of error management (involving, among other aspects, open

communication and discussions of errors) were more successful (van Dyck et al.,

2005). In sum, on a general level, theory and research indicates that errors can lead to
learning and that individuals may differ in the extent to which they benefit from error

encouragement. As we will argue next, learning from error may be enhanced (or

hindered) both by certain error attributes and by person attributes. Of these attributes,we

consider severity of error consequences and trait negative affectivity.

Our focus on these two attributes is not meant to imply that other error attributes or

other person attributes are unimportant for learning from error. In the present research,

we chose to focus on severity of error consequences and trait negative affectivity for the

following reasons (in the discussion section, we will discuss further potentially relevant
person and error attributes). (1) We chose to focus on negative affectivity, because

scholars agree that errors are aversive, negative events (e.g. Hajcak & Foti, 2008; Khanna,

Guler, & Nerkar, 2016; Metcalfe, 2017; Nelson, Malkoc, & Shiv, 2018) and that immediate

negative affective responses to errors are typical (e.g. Edmondson, 1999; Ivancic &

Hesketh 1995/1996; Keith& Frese, 2005, 2008; Zhao, 2011). Also, research indicates that

negative affect during learning interferes with learning because it diverts attention away

from the task (Kanfer & Ackerman, 1989; Kluger & DeNisi, 1996) and that, conversely,

successfully controlling negative affect is related to learning in a training situation in
which errors are likely (Bell &Kozlowski, 2008; Keith& Frese, 2005).Wewere, therefore,

particularly interested in the role of negative affectivity as a trait for learning fromerror. (2)

We chose to focus on severity of error consequences for two reasons. First, the distinction

between errors per se and their potential consequences is fundamental to error

management theory (Frese&Keith, 2015; Hofmann& Frese, 2011). Should the severity of

error consequences indeed affect learning, thiswould clearly underline the importance of

this theoretical distinction and this would also have practical implications in terms of

maximizing learning from error in organizations. Second, although severity of error
consequences is, to the best of our knowledge, the only error attribute that has been

explicitly considered in previous research (e.g. Homsma et al., 2009; Zakay et al., 2004),

more systematic research is needed. We seek to provide more systematic research by

experimentally testing the effects of severity of error consequences on learning from

error. We will now develop our hypotheses in more detail.

Severity of error consequences and learning from error

Weposit that it is not the error per se but the severity of consequences associatedwith the

error what affects learning from error. As described above, errors interrupt the flow of

action and act as surprises that prompt individuals to stop and think,whichmay ultimately

lead to learning. Yet, this chain of events presupposes that errors attract attention at all. If

error consequences are severe and visible, they will obviously attract attention. Errors

with minor consequences, in contrast, can be easily overlooked or discarded as ‘minor

mistakes or isolated anomalies’ (Cannon & Edmondson, 2005, p. 301). This phenomenon

of devoting more attention to clearly negative information, which has also been termed
negativity bias (Vaish, Grossmann, &Woodward, 2008; Zakay et al., 2004), can not only

be found in individuals and organizations but on a societal level as well: Typically, public

discussions and large investigations are initiated after visible and serious disasters such as

the Chernobyl meltdown, the tragedy of the Challenger space shuttle, or, more recently,

the Boeing 737 Max 8 crashes. In contrast, incidents that may be quite similar in structure
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but that did not lead to serious consequences typically do not receive much public

attention (Homsma et al., 2009; Madsen & Desai, 2010; Tucker & Edmondson, 2003).

While this negativity bias may be understandable and evolutionarily adaptive (Vaish et al.,

2008), it comes at the expense of missing out on valuable learning opportunities, because
whether an incident leads or does not lead to serious consequencesmay be due to chance

factors (cf. Zakay et al., 2004) rather than actual learning implications of an error. At the

time a serious failure occurs, learning opportunities fromerrorswithminor consequences

have already been missed (Cannon & Edmondson, 2005).

Empirical evidence supports the view that not the error per se but the associated error

consequences attract attention, which in turn increases learning. For example, Homsma

et al. (2009) surveyed operators of a chemical process company. Severity of error

consequencespredicted learning behaviours as reported byoperators sixweeks later (e.g.
generation of new ideas and insights, implementation of improvements to prevent similar

errors in the future). Madsen and Desai (2010) used archival data on orbital launches and

found failures (i.e. highly negative error consequences) to lead to more learning than

successes in terms of a reduced likelihood of future failures.

Note, however, that the literature is equivocal on the role of severity of error

consequences for learning from error. In particular, Sitkin (1992) and other researchers

(e.g. Hayward, 2002; Khanna et al., 2016) have advanced the so-called hypothesis of small

losses. This hypothesis suggests that learning is maximized after errors or failures of
modest magnitude (i.e. small losses) but impeded after severe errors. According to this

hypothesis, error consequences need to be severe enough to attract attention and to

create openness for change. At the same time, error consequences should not be too

severe and too threatening as to evoke maladaptive responses such as rigidity,

defensiveness, and denial, which in turn impedes learning (Sitkin, 1992). Empirically,

the hypothesis of small losses has received some supportive (Hayward, 2002; Khanna

et al., 2016) and some less supportive results (Homsma et al., 2009;Madsen&Desai, 2010;

Zakay et al., 2004). We do not claim to ultimately resolve this issue with the present
research. Yet, we tend to favour the former position, because the research supporting the

latter position (i.e. the hypothesis of small losses) focuses on learning from failure on the

level of organizations in specific settings and, therefore, uses a somewhat different

argumentation and level of analysis than our research (e.g. Khanna et al., 2016, argue that

large failures are less valuable for organizational learning than small failures, because the

existence of the firm and its decision makers is threatened by large failures). We predict:

Hypothesis 1. Severity of error consequences increases learning from error.

Trait negative affectivity and learning from error

We posit that learning from error will be impeded in individuals high in trait negative

affectivity, at least if error consequences are severe. Trait negative affectivity describes

the dispositional tendency to experience negative affect such as anxiety, worry, and

embarrassment (Barrick & Mount, 1991; Watson, Clark, & Tellegen, 1988). Errors are, to
beginwith, aversive events (Hajcak&Foti, 2008;Metcalfe, 2017) that typically evoke such

negative affective reactions (Carmeli & Gittell, 2009; Edmondson, 1999; Ivancic &

Hesketh 1995/1996; Keith & Frese, 2005, 2008; Khanna et al., 2016; Zhao, 2011). We

suggest that peoplewhoare already susceptible to experiencenegative affect (i.e.who are

high in trait negative affectivity) will feel particularly threatened by errors theymake. This
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increased threat then leads tomaladaptive responses, including rigidity and defensiveness

which, in turn, impedes learning (Holmer, 2014; Staw, Sandelands, & Dutton, 1981; Vaes

&Wicklund, 2002). This mechanismmay apply to errors in general (whichwould imply a

negative relationship between trait negative affectivity and learning from error) ormay be
confined to errors that develop severe consequences (which would imply an interaction

between severity of error consequences and trait negative affectivity on learning from

error). The former perspective is consistentwith a trait-based view. The latter perspective

is consistent with an interactionist view, proposing that severe error consequences – but
not mild or moderate error consequences – act as situational triggers that activate

individuals’ disposition to experience negative affect (cf. Tett & Burnett, 2003; Tett &

Guterman, 2000) which, in turn, impedes learning. While we concede that a definite

prediction (i.e. either amain effect of trait negative affectivity or an interaction) is difficult,
we tend to favour the latter, interactionist view. We predict:

Hypothesis 2. Trait negative affectivity and severity of error consequences interact such

that trait negative affectivity negatively relates to learning from error when

error consequences are severe.

Overview of studies

We conducted two experiments that used vignette methodology. In vignette

experiments, participants respond to carefully constructed fictitious but realistic

scenarios, for example, written scenarios that describe particular work situations. These

scenarios, or specific parts thereof, are systematically varied according to the research

question and experimental factors. A major advantage of experimental vignette

methodology is that relatively rare and irregular phenomena which are difficult to

observe in the field – for example, errors with severe consequences, as in the present
research – can be studiedwith a high level of experimental control. As such, experimental

vignette methodology offers an elegant way to increase internal validity while at the same

time being more naturalistic than classical laboratory research (Aguinis & Bradley, 2014).

Our two studies differed with regard to the participant samples, experimental material,

and dependent variables included. Study 1 used a sample of university students and

presented the focal independent variable (i.e. severity of error consequences) in three

levels (i.e. mild, moderate, severe). Study 2 used a more basic research design (i.e. only

two levels of severity of error consequences) but used an employee sample and a second
more objective dependent variable to assess learning than Study 1, as well as a measure of

cognitive ability. Both studies assessed trait negative affectivity of participants. The aim of

combining these two studies was to test the stability of the proposed effects across

samples, error scenarios, and dependent variables.

STUDY 1

Method

Sample

Participants of Study 1 were 216 university students of various subject areas at two mid-

sized German universities. Mean age was 23.57 (SD = 3.54) and 73% were female. Some

participants (15.7%) reported having work experience of 5.06 years on average
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(SD = 3.32). Participants were recruited on campus and in classes. Participation was

voluntary, with psychology students (75%) receiving course credit for participation.

Experimental design and procedure

This experiment used a one-factorial within-subjects design, in which the experimental

factor (i.e. severity of error consequences) had three levels (mild, moderate, or severe error

consequences). Participants read three different error scenarios that included either mild,

moderate, or severe consequences. We systematically varied the order of presentation and

the combinations of error situations and consequences to control for potential material

effects. For later statistical analyses, we used material version as control variable.

Study1was apaper-and-pencil experiment. Participantswerefirstwelcomedandbriefly
introduced to the study’s purpose and procedure. They were then presented with the first

experimentally manipulated error scenario. Participants were asked to read the error

scenario carefully and to imagine themselves in the described situation. Subsequently,

participants responded to items that constituted themanipulationcheck and thedependent

variable. These items involved participants’ hypothetical reaction in the described

situations. This procedure (i.e. presentation of error scenarios and items) was repeated

for each successive error scenario. Participants then completed questionnaires on person

characteristics and demographics. Finally, participants were thanked and debriefed.

Experimental material

We developed experimental vignettes (i.e. error scenarios) that described errors that can

typically happen to university students. All scenarios were developed and pilot tested with

the two goals to arrive at (1) as realistic a scenario as possible and (2) as clear a distinction as

possible between degrees of the experimental factor severity of error consequences (i.e.

mild, moderate, or severe). The manipulation of this independent variable was
implemented by systematically varying the endings of error scenarios. More specifically,

the baseline vignette that described the error and the situation in which the error occurred

was identical across experimental conditions, but the consequences that developed from

the same error varied. For example, in one of the scenarios, a student needs to apply for an

internship as a curriculum requirement. Shortly before the deadline, the student notices

that a document that should have been obtained from a governmental agency is missing. In

the condition representing mild error consequences, the student can complete the

application without the missing document and is given the opportunity to submit the
missing document later. In the condition representingmoderate error consequences, the

student cannot complete the application to the desired organization but is given the

opportunity for an internship at an alternative, less attractive organization for which the

missing document is not a requirement. In the condition representing severe error

consequences, the student cannot complete the application and, as a consequence, cannot

complete the mandatory internship in time, which ultimately postpones graduation.

Measures

Dependent variable

Observing andmeasuring learning from error is not a trivial issue.One obviouswaywould
be to assess behavioural change after an error, for example in terms of secondary error

718 Nina Keith et al.



prevention (i.e. avoidance of the same error in the future; vanDyck et al., 2005). However,

apart from practical difficulties of such a measurement, learning from error may take

several, broader forms and is not confined to learning how to avoid specific errors (Frese&

Keith, 2015). Also, as some scholars have pointed out, learning may also occur without
observable changes in behavioural outcomes (e.g. Argote & Miron-Spektor, 2011;

Edmondson, 1999). Finally, organizational training research widely acknowledges that

‘learning is multidimensional’ (Bell, Tannenbaum, Ford, Noe, & Kraiger, 2017, p. 315;

Kraiger, Ford, & Salas, 1993) and may include cognitive, affective, and behavioural

outcomes (Alliger, Tannenbaum, Bennett, Traver, & Shotland, 1997; Kirkpatrick, 1976;

Kraiger et al., 1993). In the present research, in keeping with this multidimensionality

perspective, we use one affective (Studies 1 and 2) and one cognitive measure of learning

(Study 2 only). (We concede that additionally including a behavioural outcome measure
would be desirable; in the discussion section, we will discuss in more detail issues

concerning the measurement of learning from error.)

In organizational training research, various outcomes are subsumed under the heading

of affective learning, including affective-emotional, attitudinal, andmotivational reactions

to training (Bell et al., 2017; Kraiger et al., 1993). A common distinction within trainee

reaction measures is between affective reactions in the narrower sense (i.e. liking of the

training) and judgements of training utility, with the latter being more predictive of

training transfer than the former (Alliger et al., 1997). Also, conceptually, perceived utility
of a task or training is assumed to be important because it affects to what extent learners

are willing to invest effort into learning (Kanfer & Ackerman, 1989). We, therefore,

assessed affective learning as perceived utility of the error in the present research.

We used three items of the subscale ‘Learning from errors’ of the Error Orientation

Questionnaire (EOQ; Rybowiak, Garst, Frese & Batinic, 1999; German version as used by

Keith & Frese, 2005). The EOQ measures attitudes towards and responses to errors at

work, with subscale ‘Learning from errors’ focusing on long-term learning and

optimization of work plans. For the vignettes used in the present study, we slightly
modified itemwordings. For example, the original item ‘My mistakes help me to improve

mywork’ was changed to ‘This mistake helps me to improvemywork’. Another itemwas

‘I learn a lot from this error’. Participants responded on a 5-point Likert scale, as in the

original EOQ measure. The items have also been used in training studies (e.g. Keith &

Frese, 2005) and adapted for the measurement of error management culture in

organizations (van Dyck et al., 2005). In the present study, median Cronbach’s alpha

was .76 across experimental conditions. Construct validity statistics from factor analyses

(Table 1) were satisfactory (Kaiser, 1970, 1974).

Manipulation checks

After reading the vignettes and before the dependent variable was assessed, participants

responded to manipulation checks that probed whether participants perceived the

severity of the error consequences in the intended way. We asked participants two

questions (e.g. ‘How negative do you evaluate the described situation?’). In keeping with

the scaling of the dependent variable, we used a 5-point Likert scale for these questions. In
addition, we asked participants to indicate on a 7-point Kunin face scale (original scaling)

how they would feel in the described situation (Kunin, 1955). As expected, we found

large effects both for the two questions: F(2, 206) = 265.43, p < .001, g2
p = .72, and for

theKunin item: F(2, 200) = 272.61, p < .001,g2
p = .73, indicating that ourmanipulations

had worked well.
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Moderator variable

We assessed trait negative affectivity with five items (e.g. scared, afraid) of the

dispositional version of the negative-affect subscale of the Positive and Negative Affect

Schedule (PANAS; Watson et al., 1988; German version by Krohne, Egloff, Kohlmann, &

Tausch, 1996). Participants responded on a 7-point Likert scale (the original measure uses

a 5-point Likert scale; additional analyses with a measure that we transformed to a 5-point

scale yielded highly similar results). Cronbach’s alpha was .80.

Statistical analyses

The hypothesized effects were tested in a repeated-measures ANCOVA in which the

material version (i.e. vignette-factor combination) was included as a between-subjects

control factor (Judd, Kenny, & McClelland, 2001). Trait negative affectivity was centred

and included as a between-subjects covariate (Cohen, Cohen, West, & Aiken, 2003).

Results and discussion

Means, standard deviations, and correlations of study variables are depicted in Table 2.

Hypothesis 1 predicted a main effect of severity of error consequences on learning

fromerror in that learning is higher for errorswith severe consequences. In support of this

prediction, severity of error consequences had an effect on affective learning fromerror in

terms of perceived utility of the error, F(2, 204) = 7.26, p < .01, g2
p = .07 (see Figure 1,

panel a). Hypothesis 2 predicted trait negative affectivity and severity of error

consequences to interact such that trait negative affectivity negatively relates to learning

from error when error consequences are severe. In support of this prediction, negative

affectivity interacted with severity of error consequences, F(2, 204) = 6.40, p < .01,

g2
p = .06. As depicted in Figure 2 (panel a) and as indicated by simple-slopes analyses,

negative affectivity was negatively related to affective learning from error when error

consequences were severe (b = �.19, p < .01) but unrelated with learning when error

consequences were moderate (b = �.07, p = .29) or mild (b = .12, p = .09).
We found no main effect of material version, F(8, 205) = 1.22, p = .29, g2

p = .05, but

an interaction effect of material version with severity of error consequences F(16,

Table 1. Construct validity statistics from principal component analyses (one-factor solution) of items

assessing the dependent variable affective learning from error

Study no. and experimental

condition (severity of error

consequences) KMO TVE

Bartlett test Factor loadings

v2(df) p value Item 1 Item 2 Item 3

Study 1

Mild .66 63.87% 126.49 (3) <.001 .79 .76 .84

Moderate .66 68.34% 177.90 (3) <.001 .81 .79 .88

Severe .67 69.99% 202.88 (3) <.001 .87 .76 .88

Study 2

Mild .77 88.13% 293.52 (3) <.001 .93 .94 .94

Severe .75 85.72% 258.82 (3) <.001 .92 .91 .94

Note. N = 215 in Study 1, N = 121 in Study 2.

KMO = Kaiser–Meyer–Olkin criterion; TVE = total variance explained.
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Figure 1. Main effect of severity of error consequences on affective learning from error in Studies 1 and

2 (panels a and b) and cognitive learning in Study 2 (panel c).
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Figure 2. Interaction of severity of error consequences with trait negative affectivity on affective

learning from error in Study 1 (panel a) and Study 2 (panel b).
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408) = 2.58, p < .01, g2
p = .09, indicating that the hypothesized effect of the indepen-

dent variable was present on average but differed in magnitude across material versions.

Such interaction effects are common in experiments that include multiple naturalistic

materials and they underscore the appropriateness of systematically varying and
statistically controlling for experimental material.

In sum, the results of Study 1 are in line with our propositions concerning the role of

severity of error consequences and trait negative affectivity for learning from error. With

Study 2, we sought to replicate our findings in a sample of employees and with error

scenarios that are more typical for work situations. We also included a cognitive learning

measure in addition to the affective, self-report learning measure of Study 1.

STUDY 2

Method

Sample

Participants of Study 2 were 121 adults with previous or current work experience
(M = 15.67 years of work experience, SD = 13.87).1 The majority (81.8%) were

currently employed (full-time or part-time) at various organizations, with some of them

(19%) holding a leadership position; 7.4% were full-time students with work experience;

the remaining participants were currently on parental leave, job seeking, or retired

(10.8%). Mean age was 36.92 years (SD = 15.09) and 61.2% were female. Participants

were recruited via social media and social networks as well as on campus of a mid-sized

German university. Participation was compensated with 8 Euros (approx. 9.5 US$) or

partial course credit.

Experimental design and procedure

Design and procedure of Study 2 were similar to those of Study 1, with the following

differences. First, Study 2 was an online (not a paper–pencil) experiment. Second, to

increase reliability and statistical power, Study 2 used only two levels of the experimental

factor severity of error consequences (mild vs. severe), implemented by three vignettes per

level (i.e. 6 vignettes overall; 3 with mild and 3 with severe error consequences). Third, in
addition to participants’ responses assessed immediately following the presentation of

vignettes (identical procedure as in Study 1), Study 2 included participants’ recall of error

scenarios as a second, cognitive learning measure.2 The recall test was administered after

participants had worked on a filler task which lasted about 30 min. Thus, experimental

sessions were substantially longer in Study 2 than in Study 1.

Experimental material
The scenarios in Study 2 described typical errors at work. They were developed based on

actual errors as reported by managers in interviews that were unrelated to the present

studies (these interviews were about errors and error management in organizations). For

1Of the 122 participants originally recruited, 1 did not complete the experiment in one session but dispersed completion over
several days. We excluded this participant’s data from further analyses.
2Originally, we had planned to additionally include multiple-choice test items but the items were too easy (75–90% correct
answers across conditions) and produced ceiling effects.
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example, one scenario described an employee having placed a wrong order of materials

based on an outdated project plan. Another scenario described a planning mistake in a

project calculation. As for Study 1, all scenarios, including the associated mild and severe

error consequences, were selected and pilot tested for degree of realism.

Measures

Manipulation checks

We used the same manipulation checks as in Study 1. Again, we found large effects both

for the twoquestions,F(1, 120) = 291.33,p < .001,g2
p = .71, and for theKunin item, F(1,

120) = 190.01, p < .001, g2
p = .61, indicating that participants perceived the severity of

error consequences in the intended way.

Dependent variables

In Study 2, we used two dependent variables as indicators of learning from error. The first

variablewas identical to the one used in Study 1 (i.e. three items of EOQ subscale Learning

from error to assess affective learning as perceived utility of the error; median Cronbach’s

alpha was .88 in Study 2). Construct validity statistics from factor analyses were

satisfactory (Table 1).

The second variable was a cognitive learning measure based on the recall task that

participantsworkedonafter thefiller task.Therecall taskaskedparticipants torecall asmany

of the previously presented error scenarios in as much detail as they could. As guiding
questions,weaskedfortheerrorandthesituationalcontext inwhichitoccurredaswellasthe

error consequences. For both aspects (i.e. the error situation and the error consequences),

two raters independently assigned the values 0 (incorrect), 1 (partially correct), or 2 (fully

correct), resulting inamaximumscoreof4 for thisdependentvariable. Inter-rater agreement

was high, with amedian ICC(3, 2) of .99 (range .96–.99) across the scenarios.

Moderator variable

We assessed trait negative affectivity with ten items of the dispositional version of the

negative-affect subscale of the PANAS (Watson et al., 1988; German version by Krohne

et al., 1996). Participants responded on a 5-point Likert scale (original scaling).

Cronbach’s alpha was .86.

Filler task (cognitive ability test)

As filler task (after presentation of error scenarios and before recall of error scenarios), we
used a freely available German cognitive ability test (Satow, 2017) that measures

numerical skills (22 items; Cronbach’s alpha = .70) and spatial-visual skills (12 items;

Cronbach’s alpha =.38) (overall Cronbach’s alpha = .67). Our primary goalwas to use this

test as a filler task, as it is common to use unrelated filler tasks in experiments that use

recall tests. Our second goal was to use it as a potential control variable for the recall task

because we suspected that performance on this cognitive measure may be influenced by

participants’ cognitive ability.3

3We reran all analyses with cognitive ability included as a covariate but the pattern and magnitude of effects were unaltered.
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Results and discussion

Means, standard deviations, and correlations of study variables are depicted in Table 3.

Main effect of severity of error consequences

Hypothesis 1 predicted a main effect of severity of error consequences on learning from

error in that learning is higher for errors with severe consequences. We first tested this

hypothesis simultaneously for both the affective and cognitive dependent variables (i.e.

perceived utility of the error and recall of error situations), using multivariate analyses. In

support of Hypothesis 1, severity of error consequences had a main effect on learning
from error in that more learning occurred from errors with severe than with mild

consequences, F(2, 117) = 7.96, p < .01, g2
p = .12. As indicated by additional post hoc

univariate analyses, this effect held for both dependent variables, F(1, 118) = 5.59,

p < .05, g2
p = .05, and F(1, 118) = 10.32, p < .01, g2

p = .08 for affective and cognitive

learning from error, respectively (see Figure 1, panels b and c).4

Moderating effect of negative affectivity
Hypothesis 2 predicted trait negative affectivity and severity of error consequences to

interact such that trait negative affectivity negatively relates to learning from error when

error consequences are severe. We first tested this hypothesis simultaneously for both

dependent variables in multivariate analyses. In support of Hypothesis 2, trait negative

affectivity and severity of error consequences interacted, F(2, 117) = 3.49, p < .05,

g2
p = .06. As indicated by additional post hocunivariate analyses, however, this effect held

only for affective learning (i.e. perceived utility), F(1, 118) = 6.54, p < .05, g2
p = .05. For

the cognitive learning measure (i.e. correct recall of error situations), we did not find the
expected interaction effect between severity of error consequences and trait negative

affectivity, F(1, 118) = 0.46, p = .50, g2
p = .00. Thus, Study 2 replicated the interaction

found in Study 1 for the same dependent variable but not for the different dependent

variable. As depicted in Figure 2 (panel b) and as indicated by simple-slopes analyses, the

pattern was the same as in Study 1: Negative affectivity was negatively related to affective

learning when error consequences were severe (b = �.23, p < .05) but unrelated with

learning when error consequences were mild (b = �.05, p = .61).

In sum, Study 2 replicated and extended the results of Study 1 with regard to the main
effect of severity of error consequences on learning.Not only did participants reportmore

learning after errors with severe consequences (affective learning measure); they also

recalled error scenarios with severe consequences better than error scenarios with mild

consequences (cognitive learning measure). With regard to the expected interaction

effectwith negative affectivity, results weremixed in that Study 2 found the same effect as

Study 1 for the affective learning measure but not for the cognitive learning measure,

although results of multivariate analyses were statistically significant.

4 The other effects in the ANCOVAs (not pertinent to the hypothesis) were as follows. For the affective learningmeasure (perceived
utility): no main effect of material version, F(1, 118) =0.02, p = .89, g2

p = .00, no interaction effect of material version with
severity of error consequences, F(1, 118) = 3.04, p = .08, g2

p = .03. For the cognitive learning measure (recall of error
situations): no main effect of material version, F(1,118) = 1.56, p = .21, g2

p = .01, interaction effect of material version with
severity of error consequences, F(1,118) = 9.65, p < .01, g2

p = .08.
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GENERAL DISCUSSION

Errors at work can be a rich source of learning, but not all errors automatically lead to
learning, nor do all individuals effectively learn from error. The present research explored

effects of one error attribute (i.e. severity of error consequences) and of one person

attribute (i.e. trait negative affectivity) on learning from error. We found that what is

crucial for learning is not the error per se but its consequences or, more precisely,

whether otherwise identical errors develop more or less severe consequences. This

pattern emerged across two participant samples and across two measures of learning,

namely, affective learning in terms of perceived utility of the error, and cognitive learning

in terms of correct recall of error scenarios.We further found that trait negative affectivity
was negatively related to learning when error consequences were severe. This pattern

emerged in both studies for affective learning, but not for cognitive learning.

Theoretical contributions

Our finding that severity of error consequences affects learning is consistent with the

attentional assumption that has beenproposed –but rarely directly tested – in earlierwork

(e.g. Tucker & Edmondson, 2003). This assumption states that to attract attention and to
create an urgency for action, errors must have visibly severe consequences; otherwise,

errors can be easily ignored or discarded as irrelevant. The present findings offer

considerable support for this attentional interpretation, because attention during the

learning phase is known to be essential for encoding and later retrieval of information

(Anderson, Craik, &Naveh-Benjamin, 1998; Craik, Govoni, Naveh-Benjamin, & Anderson,

1996) and because we found the effect for two different operationalizations of learning

from error. The present findings do not support the competing hypothesis of small losses,

stating that while error consequences should be severe enough to attract attention, they
should not be as severe as to induce toomuch threat that may, in turn, trigger maladaptive

responses (e.g. Sitkin, 1992).

The effect of severity on learning is also consistent with previous research indicating

that severity of past incidents predicts learning behaviours in organizations (Homsma

et al., 2009) and that organizations learn more effectively from failure than from success

(Madsen & Desai, 2010). In this respect, the present research experimentally replicates

what has been found in previous correlational field research. We consider our

experiments to be a significant complement to previous correlational research, because
errors occurring in natural settings may have several confounded attributes (e.g. errors

with severe consequences may occur in more complex systems), which leaves the

question of causality unanswered (Shadish, Cook, & Campbell, 2002). Also, our research

indicates that not all errors attract attention, which raises concerns about accuracy of self-

reports of errors at work. It stands to reason that those errors that are reported in

organizations represent a selective sample of errors that for some reason raised attention,

for example, because the error consequences were highly visible. Due to the high degree

of standardization in our studies, these potential concerns should be alleviated.
Our results concerning the interaction of trait negative affectivitywith severity of error

consequences on learning from error underscores the importance of simultaneously

considering error attributes and person attributes when investigating response to error.

This has beendone in someprevious researchonerrormanagement training (e.g. Carter&

Beier, 2010; Keith et al., 2010; Loh et al., 2013) but, to our knowledge, not in the context

of naturalistic errors that occur as part of one’s work. It seems intuitive that not all
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individuals respond to errors and their consequences in the same way (Rybowiak et al.,

1999). Our findings suggest that trait negative affectivity influences the extent to which

people react adaptively in the face of errors, at least when error consequences are severe.

Yet, trait negative affectivity was unrelated with our cognitive learning measure (i.e.
correct recall of error situations), irrespective of severity of error consequences (neither

main effect nor interaction effect). This may be due to the recall measure being more

‘cognitively loaded’ (Sackett, Shewach, & Keiser, 2017, p. 1435) than our affective

learning measure, as witnessed by its considerable correlation with cognitive ability

(r = .37, p < .01, across experimental conditions; Table 3). In this context, it is

noteworthy that the recall measure was affected by our experimental manipulation

despite it being considerably related to dispositional cognitive ability and despite the

experimental manipulation being relatively minimal.

Practical implications

Our results suggest that otherwise identical errors receive unequal attention, depending

on how severely the consequences develop. For management and organizations, this

implies that the learning potential of many errors remains unexploited – which is

unfortunate, given the valuable lessons that canbedrawn fromerrors and failure (e.g. Ellis,

Carette, Anseel, & Lievens, 2014; Frese & Keith, 2015; Joung, Hesketh, & Neal, 2006).
Furthermore, severe error consequences and failure often develop from combinations of

errors, violations, and unfavourable situational circumstances (Hofmann & Frese, 2011;

Reason, 1990), implying that whether or not adverse consequences develop may be

simply due to chance (Zakay et al., 2004). To fully exploit learning opportunities,

organizations are well advised to take all errors seriously, irrespective of severity of error

consequences. Otherwise, similar errors could occur in the future under less favourable

circumstances that ultimately lead to adverse outcomes (Tucker&Edmondson, 2003). For

managers, this may imply that a culture should be established which encourages open
communication about errors, irrespective of severity of immediate consequences (cf. van

Dyck et al., 2005). This may entail that managers openly admit to their own mistakes and

that they respond to their subordinates’mistakes in a constructive and supportivemanner

aswell as avoid unproductive blaming. This is not to imply a laissez-faire leadership style or

a non-chalant attitude towards errors; errors, along with their potential causes and their

elimination for the future, should still be taken seriously, but in a constructive way (cf.

Frese&Keith, 2015). A constructive errormanagement also includes thatmanagers donot

artificially raise the threat of errors to increase attention and learning, for example, by
harsh punishment of minor mistakes made by employees. Increasing threat would

probably only lead to more covering up of errors rather than openness and willingness to

change (van Dyck et al., 2005; Edmondson, 1996, 1999; Frese & Keith, 2015; Rybowiak

et al., 1999; Zhao & Olivera, 2006). Instead, routines of error communication may be

established. For example, managers may encourage regular disclosure and discussions of

errors in meetings in a non-threatening atmosphere. This may help to turn attention to

errors that managers and employees would otherwise not have attended to if the

consequences had not been severe and visible enough. A non-threatening atmosphere
may be particularly important for individuals who are prone to feel threatened by errors,

as our results concerning the interaction with trait negative affectivity indicate. Managers

may keep in mind that some employees may more easily disclose and discuss their errors,

while others may respond more defensively.
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If employees are too reluctant to openly discuss errors, particularly in the presence of

supervisors and managers, managers may at least encourage error discussions in smaller

groups and outside the formal chain of command. For example, managers may explicitly

encourage that employees discuss errors among colleagues of the same level of hierarchy
or as part of one-to-one formal or informal mentoring relationships with mentors outside

the chain of command.

Limitations and directions for future research

An obvious limitation of this research is that we did not include a behavioural measure of

learning from error. For example, a behavioural measure of learning may be to observe

whether participants commit the same errors that were described in the vignettes or
whether they learned to avoid the same error (i.e. secondary error prevention). However,

measuring learning from error in terms of behaviour is difficult for at least two reasons.

First, because errors at work are unplanned, learning from errors at work is unplanned as

well. Learning from error occurs informally (i.e. outside formal, planned training settings;

Tannenbaum, Beard, McNall, & Salas, 2010). As a consequence, there are no formal

learning goals that could be the basis for the development of specific behavioural learning

criteria that could be assessed in a standardized and objective way. Second, learning from

error may take several forms and goes beyond merely learning to avoid specific errors in
the future (i.e. secondary error prevention); rather, it may entail learning a general

approach of how to manage errors effectively or learning about new parts of a system or

task that would not have been explored without the error (Frese & Keith, 2015). Such

broader forms of learning are inherentlymore difficult to operationalize. Nevertheless,we

encourage future research to develop more behaviourally based learning criteria or to

identify andmeasure particular dimensions of job performance that may be influenced by

learning from error.

Another limitation may reside in our decision to use experimental vignette
methodology to test the effect of severity of error consequences on learning from error.

The advantage of experimental vignette methodology is that it allowed us to systemat-

icallymanipulate error consequences and, therefore, provides confidence that our effects

are actually due to error consequences rather than due to some confounding factors,

which may be present in naturally occurring error situations. We concede that this high

degree of internal validity comes at the expense of immediacy of error situations in thatwe

did not study errors that were actually made by participants, but merely errors which we

asked participants to imagine having made. Related to this issue, it may be argued that we
addressed vicarious learning rather than actual learning from errors, that is, the question

may be raised whether individuals learn more from their ownmistakes or those of others.

This would be particularly problematic if participants would have responded differently

to actual errors than to the vicariously presented errors, which would raise concerns of

external validity of our findings. We cannot exclude this possibility, but we are confident

that this is not the case for the following reasons. First, we developed the experimental

material based on actual errors reported by interview partners and we thoroughly

pretested the error scenarios. Second,we believe that the fact that we found effects of our
experimental manipulation, particularly with regard to our recall measure, indicates that

the described error situations had some psychological and experimental realism for

participants (Wilson, Aronson, & Carlsmith, 2010). Third, our experimental findings

converge with those that were obtained in research that used completely different study

designs (i.e. a survey-based field study and a study using a large archival data set; Homsma
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et al., 2009; Madsen & Desai, 2010). We do concede, of course, that cross-validation with

real errors in natural settings would be desirable.

Another limitation that arises from our use of experimental vignette methodology

involves the de-contextualization and potential simplification of errors that we used. For
example, in our vignettes, the person responsible for the error is always clearly identified,

whereas in the real-life context of organizations, responsibilities and causes of errors may

benot as clear. Theremay also bepolitical processes involved in identifying error causes in

organizations, with individuals seeking to protect their reputations or blame others (cf.

Zhao & Olivera, 2006). However, as described above, we have developed and pretested

the error scenarios based on interviews with managers (Study 2) who reported actual

errors that they were confronted with at work or, for the student sample, on typical

student errors (Study 1), with the goal to arrive at realistic scenarios. Also, we are not
claiming that our experimental vignette approach was the single best way to study

learning from error atwork.Webelieve that the use ofmultiplemethods and triangulation

is most appropriate here and we think that our vignette approach is useful in

complementing more contextualized studies with other strengths and weaknesses.

Wewould also like to point out that, despite the high experimental control, we cannot

rule out the possibility that error attributes other than the one we sought to manipulate

were present and effective in our manipulation. Still other error attributes may affect

learning butwere not included in our research. For example, peoplemay react differently
to errors depending on whether the error’s impact is primarily social or material. As

another example, the visibility of errors may play a role (and this error attribute may be

interlinked with severity of consequences, in that errors with more severe consequences

tend to be more visible and less easy to cover up). Although our manipulation checks

clearly indicate that participants perceived severity as intended, such other factors,which

we did not focus on during the development of our vignettes, might also have played a

role. We encourage future research to systematically scrutinize this possibility and to test

for effects of additional error attributes that may be involved in learning from error.
The present research tested effects of severity of error consequences and focused on a

more motivational pathway (i.e. severe error consequences raise attention and increase

motivation to learn). Yet, errors may also differ with regard to informational richness

inherent in errors. For example, errors that occur on complex tasks are probably more

informative (in terms of improvement of mental models of the task) than are errors that

occur on simpler tasks or on a lower level of action regulation (e.g. movement errors; for

an overview of error taxonomies, see Hofmann & Frese, 2011). Another possibility is that

types of errors differ with regard to the kind of lesson to be learned (e.g. learning of
specific errors vs. development of a broader understanding of the task or system). Future

researchmay also explore additional processes thatmay explain effects of severity of error

consequences of learning other than mere attention. For example, errors with severe

consequences may induce more counterfactual thinking (Roese, 1994), which may

underlie increased cognitive processing of the error and of potential lessons to be drawn

from this error.

Similarly, future research may explore additional person attributes. The present

research was primarily concerned with trait negative affectivity as a person attribute (we
also assessed cognitive abilities as a control variable in one of the two studies). However, a

number of other person attributes are conceivable as potentially effective in the process of

learning from error. For example, highly conscientious individuals may be more eager to

learn from error and, therefore, may be less susceptible to severity of error consequences

(i.e. may be willing to learn from any error, irrespective of the associated error
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consequences). Similarly, individuals high in dispositional prevention focus (which

describes a focus on averting losses, as opposed to promotion focus, which describes a

focus on seeking gains; Higgins, 1997) may be highly motivated to avoid errors in the first

place, but once an error has occurred, they may be highly motivated to learn in order to
avoid the same error in the future. Finally, multiple personal characteristics may

simultaneously be effective and interact such that theymutually intensify or weaken their

influence. Future research may explore this possibility.

Future research could also systematically explore cross-cultural influences on learning

from error. Gelfand, Frese, and Salmon (2011) proposed a number of cultural dimensions

thatmight affect responses to errors and errormanagement in organizations. For example,

a low degree of uncertainty avoidance in a culture may lead to less intensive negative

emotional reactions to errors. Future research may probe for this possibility and also test
for generalizability of our findings to other cultures.

Future research may also explore the role of negative affect for learning from error in

more detail. Interestingly, together our results paint a mixed picture concerning this role.

Negative affect is usually ascribed a detrimental, maladaptive role for learning because

preoccupation with negative emotions drains attentional capacities that could otherwise

be devoted to the task at hand (Kanfer & Ackerman, 1989; Keith & Frese, 2005; Kluger &

DeNisi, 1996; Zhao, 2011). Errors, almost by definition, are negative and aversive events

that evoke negative affective reactions including anger and anxiety (Carmeli & Gittell,
2009; Edmondson, 1999; Hajcak & Foti, 2008; Ivancic & Hesketh 1995/1996; Keith &

Frese, 2005, 2008; Metcalfe, 2017; Zhao, 2011). In the present studies, too, errors with

severe consequences induced negative affect, as witnessed in our manipulation checks.

Yet, this increased negative affect was associated with more, rather than with less,

learning from error in our studies. This adaptive effect of negative affect is consistent with

recent findings indicating that focusing on negative emotions upon failure on one task

may increase motivation on a second similar task (Nelson et al., 2018). On the other hand,

the moderation effect of trait negative affectivity that we found is consistent with the
traditional view that negative affect during learning is maladaptive. Future research may

scrutinize the conditions under which negative affect plays an adaptive versus a

maladaptive role in learning from error.

On afinal andmore speculative note,wewould like to suggest that future researchmay

pursue the following idea. Some research suggests that errors are not rare events but occur

more frequently than commonly assumed (e.g. Pr€umper et al., 1992; Zapf, Brodbeck,

Frese, Peters, & Pr€umper, 1992), with some estimations ranging up to 2–4 errors per hour
(Frese & Keith, 2015). The present results are consistent with the idea that not errors per
se are infrequent but that it is only the severe negative consequences of errors that –
fortunately – materialize infrequently, for example, because the error is noticed and

corrected quickly or because favourable circumstances prevent the development of

widely visible adverse outcomes. As a result, people readily dismiss or forget error

situations with minor consequences, fail to draw lessons from the error, and even

erroneously believe that they err less frequently than they in fact do. Underestimating

error occurrence, however, might lead to overconfidence and decreased error detection

which, in turn, could impair effective management of errors as well as long-term
performance (Audia, Locke, & Smith, 2000; Frese & Keith, 2015; Gelfand et al., 2011).

Future research may seek to test more directly these potential dynamics among error

occurrence, error detection, (over-)confidence, and long-term consequences in individ-

uals and organizations.

732 Nina Keith et al.



Acknowledgements

This research was supported in part by grants from the German Research Foundation

(Deutsche Forschungsgemeinschaft, grants no. KE 1377/4-1 and FR 638/38-1). We would like

to thank Mario Csonka, Verena Stella Jahn, and Thomas Kaluza for data collection.

Conflicts of interest

All authors declare no conflict of interest.

Author contributions

Nina Keith (Conceptualization; Data curation; Formal analysis; Funding acquisition;

Methodology; Supervision; Writing – original draft; Writing – review & editing) Dorothee
Horvath (Conceptualization; Data curation; Formal analysis; Writing – review & editing)

Alexander Klamar (Conceptualization; Data curation; Formal analysis; Writing – review&

editing).

Data availability statement

The data that support the findings of this study are available from the corresponding author

upon reasonable request.

References

Aguinis, H., & Bradley, K. J. (2014). Best practice recommendations for designing and implementing

experimental vignette methodology studies. Organizational Research Methods, 17, 351–371.
https://doi.org/10.1177/1094428114547952

Alliger, G.M., Tannenbaum, S. I., Bennett, Jr,W., Traver, H., & Shotland, A. (1997). Ameta-analysis of

the relations among training criteria. Personnel Psychology, 50, 341–358 https://doi.org/10.

1111/j.1744-6570.1997.tb00911.x

Anderson,N.D., Craik, F. I., &Naveh-Benjamin,M. (1998). The attentional demands of encoding and

retrieval in younger and older adults: I. Evidence from divided attention costs. Psychology and

Aging, 13, 405–423. https://doi.org/10.1037/0882-7974.13.3.405
Argote, L., & Miron-Spektor, E. (2011). Organizational learning: From experience to knowledge.

Organization Science, 22, 1123–1137. https://doi.org/10.1287/orsc.1100.0621
Audia, P. G., Locke, E. A., & Smith, K. G. (2000). The paradox of success: An archival and laboratory

study of strategic persistence following radical environmental change. Academy of

Management Journal, 43, 837–853. https://doi.org/10.5465/1556413
Barrick, M. R., & Mount, M. K. (1991). The Big Five personality dimensions and job performance: A

meta-analysis. Personnel Psychology, 44, 1–26. https://doi.org/10.1111/j.1744-6570.1991.tb
00688.x

Baumard, P., & Starbuck,W. H. (2005). Learning from failures: Why it may not happen. Long Range

Planning, 38, 281–298. https://doi.org/10.1016/j.lrp.2005.03.004.
Bell, B., &Kozlowski, S.W. J. (2008). Active learning: Effects of core training design elements on self-

regulatory processes, learning, and adaptability. Journal of Applied Psychology, 93, 296–316.
https://doi.org/10.1037/0021-9010.93.2.296.

Bell, B. S., Tannenbaum, S. I., Ford, J. K., Noe, R. A., & Kraiger, K. (2017). 100 years of training and

development research:Whatweknowandwherewe should go. Journal ofApplied Psychology,

102, 305–323. https://doi.org/10.1037/apl0000142

Learning from error 733

https://doi.org/10.1177/1094428114547952
https://doi.org/10.1111/j.1744-6570.1997.tb00911.x
https://doi.org/10.1111/j.1744-6570.1997.tb00911.x
https://doi.org/10.1037/0882-7974.13.3.405
https://doi.org/10.1287/orsc.1100.0621
https://doi.org/10.5465/1556413
https://doi.org/10.1111/j.1744-6570.1991.tb00688.x
https://doi.org/10.1111/j.1744-6570.1991.tb00688.x
https://doi.org/10.1016/j.lrp.2005.03.004
https://doi.org/10.1037/0021-9010.93.2.296
https://doi.org/10.1037/apl0000142


Cannon, M. D., & Edmondson, A. C. (2005). Failing to learn and learning to fail (intelligently): How

great organizations put failure towork to innovate and improve. LongRangePlanning,38, 299–
319. https://doi.org/10.1016/j.lrp.2005.04.005

Carmeli, A., & Gittell, J. (2009). High-quality relationships, psychological safety, and learning from

failures in work organizations. Journal of Organizational Behavior, 30, 709–729. https://doi.
org/10.1002/job.565

Carter, M., & Beier, M. E. (2010). The effectiveness of errormanagement trainingwithworking-aged

adults. Personnel Psychology, 63, 641–675. https://doi.org/10.1111/j.1744-6570.2010.01183.
x.

Cohen, J., Cohen, P., West, S. G., & Aiken, L. S. (2003). Applied multiple regression/correlation

analysis for the behavioral sciences (3rd ed.). Mahwah, NJ: Erlbaum.

Craik, F. I., Govoni, R., Naveh-Benjamin, M., & Anderson, N. D. (1996). The effects of divided

attention on encoding and retrieval processes in human memory. Journal of Experimental

Psychology: General, 125, 159–180. https://doi.org/10.1037/0096-3445.125.2.159
Craik, F. I., & Lockhart, R. S. (1972). Levels of processing: A framework for memory research.

Journal of Verbal Learning and Verbal behavior, 11, 671–684. https://doi.org/10.1016/
S0022-5371(72)80001-X

Edmondson, A. (1996). Learning from mistakes is easier said than done: Group and organizational

influences on the detection and correction of human error. Journal of Applied Behavioral

Science, 32, 5–28. https://doi.org/10.1177/0021886396321001
Edmondson, A. (1999). Psychological safety and learning behavior in work teams. Administrative

Science Quarterly, 44, 350–383. https://doi.org/10.2307/2666999
Ellis, S., Carette, B., Anseel, F., & Lievens, F. (2014). Systematic reflection: Implications for learning

from failures and successes. Current Directions in Psychological Science, 23, 67–72. https://
doi.org/10.1177/0963721413504106

Frese, M., & Keith, N. (2015). Action errors, error management, and learning in organizations.

Annual Review of Psychology, 66, 661–687. https://doi.org/10.1146/annurev-psych-010814-
015205

Frese, M., & Zapf, D. (1994). Action as the core of work psychology: A German approach. In H. C.

Triandis, M. D. Dunette & L. M. Hough (Eds.), Handbook of industrial and organizational

psychology (Vol. 4, pp. 271–340). Palo Alto, CA: Consulting Psychologists Press.

Gelfand,M. J., Frese, M., & Salmon, E. (2011). Cultural influences on errors: Planning, detection, and

management. In M. Frese & D. Hoffman (Eds.), Errors in organizations (SIOP Organizational

Frontier series) (pp. 273–315). London, UK: Taylor and Francis.

Gully, S.M., Payne, S. C.,Koles, K. L.K., &Whiteman, J.-A.K. (2002). The impact of error training and

individual differences on training outcomes: An attribute-treatment interaction perspective.

Journal of Applied Psychology, 87, 143–155. https://doi.org/10.1037/0021-9010.87.1.143
Hacker, W. (1973). Allgemeine Arbeitspsychologie: Psychische Struktur und Regulation von

Arbeitst€atigkeiten [General work and engineering psychology: Mental structure and

regulation of work tasks]. Berlin, Germany: VEB Deutscher Verlag der Wissenschaften.

Hacker, W. (2003). Action regulation theory: A practical tool for the design of modern work

processes? European Journal of Work and Organizational Psychology, 12, 105–130. https://
doi.org/10.1080/13594320344000075

Hajcak, G., & Foti, D. (2008). Errors are aversive: Defensive motivation and the error-related

negativity. Psychological Science, 19, 103–108. https://doi.org/10.1111/j.1467-9280.2008.

02053.x

Hayward, M. L. A. (2002). When do firms learn from their acquisition experience? Evidence from

1990–1995. Strategic Management Journal, 23(1), 21–39. https://doi.org/10.1002/smj.207

Heimbeck, D., Frese, M., Sonnentag, S., & Keith, N. (2003). Integrating errors into the training

process: The function of error management instructions and the role of goal orientation.

Personnel Psychology, 56, 333–362. https://doi.org/10.1111/j.1744-6570.2003.tb00153.x
Higgins, E. T. (1997). Beyond pleasure and pain. American Psychologist, 52, 1280–1300. https://

doi.org/10.1037/0003-066X.52.12.1280.

734 Nina Keith et al.

https://doi.org/10.1016/j.lrp.2005.04.005
https://doi.org/10.1002/job.565
https://doi.org/10.1002/job.565
https://doi.org/10.1111/j.1744-6570.2010.01183.x
https://doi.org/10.1111/j.1744-6570.2010.01183.x
https://doi.org/10.1037/0096-3445.125.2.159
https://doi.org/10.1016/S0022-5371(72)80001-X
https://doi.org/10.1016/S0022-5371(72)80001-X
https://doi.org/10.1177/0021886396321001
https://doi.org/10.2307/2666999
https://doi.org/10.1177/0963721413504106
https://doi.org/10.1177/0963721413504106
https://doi.org/10.1146/annurev-psych-010814-015205
https://doi.org/10.1146/annurev-psych-010814-015205
https://doi.org/10.1037/0021-9010.87.1.143
https://doi.org/10.1080/13594320344000075
https://doi.org/10.1080/13594320344000075
https://doi.org/10.1111/j.1467-9280.2008.02053.x
https://doi.org/10.1111/j.1467-9280.2008.02053.x
https://doi.org/10.1002/smj.207
https://doi.org/10.1111/j.1744-6570.2003.tb00153.x
https://doi.org/10.1037/0003-066X.52.12.1280
https://doi.org/10.1037/0003-066X.52.12.1280


Hofmann, D. A., & Frese, M. (2011). Errors, error taxonomies, error prevention, and error

management: Laying the groundwork for discussing errors in organizations. In D. A. Hofmann&

M. Frese (Eds.), Errors in organizations (SIOP Organizational Frontier series) (pp. 1–43).
London, UK: Taylor & Francis.

Holmer, L. L. (2014). Understanding and reducing the impact of defensiveness on management

learning: Some lessons from neuroscience. Journal of Management Education, 38, 618–641.
https://doi.org/10.1177/1052562913505568

Homsma, G. J., vanDyck, C., DeGilder, D., Koopman, P. L., & Elfring, T. (2009). Learning fromerror:

The influence of error incident characteristics. Journal of Business Research, 62, 115–122.
https://doi.org/10.1016/j.jbusres.2007.12.003

Ivancic, K., &Hesketh, B. (1995/1996).Making the best of errors during training.TrainingResearch

Journal, 1, 103–125.
Joung,W., Hesketh, B., & Neal, A. (2006). Using "war stories" to train for adaptive performance: Is it

better to learn from error or success? Applied Psychology: An International Review, 55, 282–
302. https://doi.org/10.1111/j.1464-0597.2006.00244.x

Judd, C. M., Kenny, D. A., & McClelland, G. H. (2001). Estimating and testing mediation and

moderation in within-subject designs. Psychological Methods, 6, 115–134. https://doi.org/10.
1037/1082-989X.6.2.115

Kaiser, H. F. (1970). A second generation little jiffy.Psychometrika,35, 401–415https://doi.org/10.
1007/BF02291817

Kaiser, H. F. (1974). An index of factorial simplicity. Psychometrika, 39, 31–36. https://doi.org/10.
1007/BF02291575

Kanfer, R., & Ackerman, P. L. (1989). Motivation and cognitive abilities: An integrative/aptitude-

treatment interaction approach to skill acquisition. Journal of Applied Psychology, 74, 657–
690. https://doi.org/10.1037/0021-9010.74.4.657

Kapur, M. (2014). Productive failure in learning math. Cognitive Science, 38, 1008–1022 https://

doi.org/10.1111/cogs.12107

Keith, N., & Frese, M. (2005). Self-regulation in error management training: Emotion control and

metacognition as mediators of performance effects. Journal of Applied Psychology, 90, 677–
691. https://doi.org/10.1037/0021-9010.90.4.677

Keith, N., & Frese, M. (2008). Effectiveness of error management training: A meta-analysis. Journal

of Applied Psychology, 93, 59–69. https://doi.org/10.1037/0021-9010.93.1.59
Keith, N., & Frese, M. (2011). Enhancing firm performance and innovativeness through error

management culture. In N. M. Ashkanasy, C. P. M.Wilderom&M. F. Peterson (Eds.),Handbook

of organizational culture and climate (2nd ed., pp. 137–157). Thousand Oaks, CA: Sage.

Keith, N., Richter, T., & Naumann, J. (2010). Active/ exploratory training promotes transfer even in

learners with low motivation and cognitive ability. Applied Psychology: An International

Review, 59, 97–123. https://doi.org/10.1111/j.1464-0597.2009.00417.x
Khanna, R., Guler, I., &Nerkar, A. (2016). Fail often, fail big, and fail fast? Learning from small failures

and R&D performance in the pharmaceutical industry. Academy of Management Journal, 59,

436–359. https://doi.org/10.5465/amj.2013.1109

Kirkpatrick, D. L. (1976). Evaluation of training. In R. L. Craig (Ed.), Training and development

handbook: A guide to human resources development (2nd ed., pp. 18.1–18.27). New York,

NY: McGraw-Hill.

Kluger, A. N., & DeNisi, A. (1996). The effects of feedback interventions on performance: A

historical review, ameta-analysis, and apreliminary feedback intervention theory.Psychological

Bulletin, 119, 254–284. https://doi.org/10.1037/0033-2909.119.2.254.
Kraiger, K., Ford, J. K., & Salas, E. (1993). Application of cognitive, skill-based, and affective theories

of learning outcomes to newmethods of training evaluation. Journal of Applied Psychology,78,

311–328. https://doi.org/10.1037/0021-9010.78.2.311
Krohne, H. W., Egloff, B., Kohlmann, C.-W., & Tausch, A. (1996). Untersuchungen mit einer

deutschenVersion der "Positive andNegative Affect Schedule" (PANAS) [Studies using aGerman

Learning from error 735

https://doi.org/10.1177/1052562913505568
https://doi.org/10.1016/j.jbusres.2007.12.003
https://doi.org/10.1111/j.1464-0597.2006.00244.x
https://doi.org/10.1037/1082-989X.6.2.115
https://doi.org/10.1037/1082-989X.6.2.115
https://doi.org/10.1007/BF02291817
https://doi.org/10.1007/BF02291817
https://doi.org/10.1007/BF02291575
https://doi.org/10.1007/BF02291575
https://doi.org/10.1037/0021-9010.74.4.657
https://doi.org/10.1111/cogs.12107
https://doi.org/10.1111/cogs.12107
https://doi.org/10.1037/0021-9010.90.4.677
https://doi.org/10.1037/0021-9010.93.1.59
https://doi.org/10.1111/j.1464-0597.2009.00417.x
https://doi.org/10.5465/amj.2013.1109
https://doi.org/10.1037/0033-2909.119.2.254
https://doi.org/10.1037/0021-9010.78.2.311


version of the positive and negative affect schedule (PANAS)]. Diagnostica, 42, 139–156.
https://doi.org/10.1037/t49650-000

Kunin, T. (1955). The construction of a new type of attitudemeasure. Personnel Psychology, 8, 65–
77. https://doi.org/10.1111/j.1744-6570.1955.tb01189.x

Loh, V., Andrews, S., Hesketh, B., & Griffin, B. (2013). The moderating effect of individual

differences in error-management training:Who learns frommistakes?Human Factors, 55, 435–
338. https://doi.org/10.1177/0018720812451856

Madsen, P. M., & Desai, V. (2010). Failing to learn? The effects of failure and success on

organizational learning in the global orbital launch vehicle industry. Academy of Management

Journal, 53, 451–476. https://doi.org/10.5465/amj.2010.51467631

Metcalfe, J. (2017). Learning from errors. Annual Review of Psychology, 68, 465–489. https://doi.
org/10.1146/annurev-psych-010416-044022.

Nelson, N., Malkoc, S. A., & Shiv, B. (2018). Emotions know best: The advantage of emotional versus

cognitive responses to failure. Journal of Behavioral Decision Making, 31, 40–51. https://doi.
org/10.1002/bdm.2042

Pr€umper, J., Zapf, D., Brodbeck, F. C., & Frese, M. (1992). Some surprising differences between

novice and expert errors in computerized office work. Behaviour & Information Technology,

11, 319–328. https://doi.org/10.1080/01449299208924353
Reason, J. (1990). Human error. Cambridge, UK: Cambridge University Press.

Roese, N. J. (1994). The functional basis of counterfactual thinking. Journal of Personality and

Social Psychology, 66, 805–818. https://doi.org/10.1037/0022-3514.66.5.805
Rybowiak, V., Garst, H., Frese, M., & Batinic, B. (1999). Error orientation questionnaire (EOQ):

Reliability, validity, and different language equivalence. Journal of Organizational Behavior,

20, 527–547. https://doi.org/10.1002/(SICI)1099-1379(199907)20:4<527:AID-JOB886>3.0.
CO;2-G

Sackett, P. R., Shewach, O. R., & Keiser, H. N. (2017). Assessment centers versus cognitive ability

tests: Challenging the conventional wisdom on criterion-related validity. Journal of Applied

Psychology, 102, 1435–1447. https://doi.org/10.1037/apl0000236
Satow, L. (2017). Allgemeiner Intelligenz-Test (AIT): Testmanual und Normen [General

intelligence test (AIT): Testmanual and norms]. Unpublished instrument. Retrieved from

https://www.drsatow.de/

Shadish, W. R., Cook, T. D., & Campbell, D. T. (2002). Experimental and quasi-experimental

designs for generalized causal inference. Boston, MA: Houghton Mifflin Company.

Sitkin, S. B. (1992). Learning through failure. Research in Organizational Behavior, 14, 231–266.
Staw, B. M., Sandelands, L. E., & Dutton, J. E. (1981). Threat rigidity effects in organizational

behavior: A multilevel analysis. Administrative Science Quarterly, 26, 501–524. https://doi.
org/10.2307/2392337

Tannenbaum, S. I., Beard, R. L., McNall, L. A., & Salas, E. (2010). Informal learning and development

in organizations. In S. W. J. Kozlowski, & E. Salas (Eds.), SIOP organizational frontiers series.

Learning, training, anddevelopment inorganizations (pp. 303–331).NewYork,NY: Taylor&

Francis.

Tett, R. P., &Burnett, D.D. (2003). Apersonality trait-based interactionistmodel of jobperformance.

Journal of Applied Psychology, 88, 500–517. https://doi.org/10.1037/0021-9010.88.3.500
Tett, R. P., &Guterman, H. A. (2000). Situation trait relevance, trait expression, and cross-situational

consistency: Testing a principle of trait activation. Journal of Research in Personality, 34, 397–
423. https://doi.org/10.1037/0021-9010.88.3.500

Tucker, A. L., & Edmondson, A. C. (2003). Why hospitals don’t learn from failures: Organizational

and psychological dynamics that inhibit system change. California Management Review, 45,

1–18. https://doi.org/10.2307/41166165
Vaes, J., &Wicklund, R. A. (2002). General threat leading to defensive reactions: A field experiment

on linguistic features. British Journal of Social Psychology, 41, 271–280. https://doi.org/10.
1348/014466602760060246

736 Nina Keith et al.

https://doi.org/10.1037/t49650-000
https://doi.org/10.1111/j.1744-6570.1955.tb01189.x
https://doi.org/10.1177/0018720812451856
https://doi.org/10.5465/amj.2010.51467631
https://doi.org/10.1146/annurev-psych-010416-044022
https://doi.org/10.1146/annurev-psych-010416-044022
https://doi.org/10.1002/bdm.2042
https://doi.org/10.1002/bdm.2042
https://doi.org/10.1080/01449299208924353
https://doi.org/10.1037/0022-3514.66.5.805
https://doi.org/10.1002/(SICI)1099-1379(199907)20:4<527:AID-JOB886>3.0.CO;2-G
https://doi.org/10.1002/(SICI)1099-1379(199907)20:4<527:AID-JOB886>3.0.CO;2-G
https://doi.org/10.1037/apl0000236
https://www.drsatow.de/
https://doi.org/10.2307/2392337
https://doi.org/10.2307/2392337
https://doi.org/10.1037/0021-9010.88.3.500
https://doi.org/10.1037/0021-9010.88.3.500
https://doi.org/10.2307/41166165
https://doi.org/10.1348/014466602760060246
https://doi.org/10.1348/014466602760060246


Vaish, A., Grossmann, T., &Woodward, A. (2008). Not all emotions are created equal: The negativity

bias in social-emotional development. Psychological Bulletin, 134, 383–403. https://doi.org/
10.1037/0033-2909.134.3.383

van Dyck, C., Frese, M., Baer, M., & Sonnentag, S. (2005). Organizational error management culture

and its impact on performance: A two-study replication. Journal of Applied Psychology, 90,

1228–1240. https://doi.org/10.1037/0021-9010.90.6.1228
Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief measures of

positive and negative affect: The PANAS scales. Journal of Personality and Social Psychology,

54, 1063–1070. https://doi.org/10.1037/0022-3514.54.6.1063
Wilson, T. D., Aronson, E., & Carlsmith, K. (2010). The art of laboratory experimentation. In S. T.

Fiske, D. T. Gilbert, & G. Lindzey (Eds.). Handbook of social psychology (Vol. 1, pp. 51–81).
Hoboken, NJ: Wiley.

Zacher, H., & Frese, M. (2018). Action regulation theory: Foundations, current knowledge and

future directions. In D. S. Ones, N. Anderson, C. Viswesvaran & H. K. Sinangil (Eds.), The sage

handbook of industrial, work & organizational psychology (2nd ed., Vol. 2, pp. 122–143).
London, UK: Sage.

Zakay, D., Ellis, S., & Shevalsky, M. (2004). Outcome value and early warning indications as

determinants of willingness to learn from experience. Experimental Psychology, 51, 150–157.
https://doi.org/10.1027/1618-3169.51.2.150

Zapf, D., Brodbeck, F. C., Frese, M., Peters, H., & Pr€umper, J. (1992). Errors in working with

computers: A first validation of a taxonomy for observed errors in a field setting. International

Journal of Human-Computer Interaction, 4, 311–339. https://doi.org/10.1080/

10447319209526046

Zhao, B. (2011). Learning from errors: The role of context, emotion, and personality. Journal of

Organizational Behavior, 32, 435–463. https://doi.org/10.1002/job.696
Zhao, B., & Olivera, F. (2006). Error reporting in organizations. Academy of Management Review,

31, 1012–1030. https://doi.org/10.5465/amr.2006.22528167

Received 21 June 2019; revised version received 11 February 2020

Learning from error 737

https://doi.org/10.1037/0033-2909.134.3.383
https://doi.org/10.1037/0033-2909.134.3.383
https://doi.org/10.1037/0021-9010.90.6.1228
https://doi.org/10.1037/0022-3514.54.6.1063
https://doi.org/10.1027/1618-3169.51.2.150
https://doi.org/10.1080/10447319209526046
https://doi.org/10.1080/10447319209526046
https://doi.org/10.1002/job.696
https://doi.org/10.5465/amr.2006.22528167

