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Informal learning activities are increasingly acknowledged as significant for
learning and development in modern workplaces. Yet, systematic research on
effects of informal learning on work-related outcomes remains scarce. The
present research focuses on deliberate practice—a construct from cognitive-
psychological expertise research that describes effortful practice activities spe-
cifically designed to improve one�s performance. We propose that deliberate
practice can be applied informally at work and, in the context of entrepreneur-
ship, may contribute to entrepreneurial success. In a longitudinal study with
132 small business owners in Germany, we found partial support for the
notion that success is increased in entrepreneurs who engage in self-regulated

* Address for correspondence: Nina Keith, Organizational and Business Psychology,

Technische Universit€at Darmstadt, 64283 Darmstadt, Germany. Email: keith@psychologie.tu-

darmstadt.de

Nina Keith and Jens Unger contributed equally to this work and are listed in alphabetical

order. This manuscript is based on a larger research project “Psychological Factors of

Entrepreneurial Success in China and Germany” (FR 638/23-1) which was supported by a

grant from the German Research Foundation (Deutsche Forschungsgemeinschaft). This is the

only manuscript on deliberate practice from this research project. As fully disclosed when

submitting the manuscript, other parts of the project data were also analyzed and resulted in

other publications unrelated to the current one. A list of these publications can be obtained

from the authors. Parts of this manuscript were presented at the 2011 Annual Meeting of the

Academy of Management in San Antonio, Texas.

VC 2015 International Association of Applied Psychology.

APPLIED PSYCHOLOGY: AN INTERNATIONAL REVIEW, 2016, 65 (3), 515–540

doi: 10.1111/apps.12054



and informal deliberate practice. In addition, deliberate practice interacted
with environmental dynamism, indicating that deliberate practice pays off par-
ticularly in dynamic environments and may be detrimental in stable environ-
ments. This research not only informs entrepreneurial research as it sheds light
on how entrepreneurs learn and develop their capabilities outside systematic
training. It may also have broader implications for work and organisational
psychology as self-regulated deliberate practice may be a useful informal learn-
ing activity for a wider range of occupations and across work tasks, particu-
larly those with rapidly changing work requirements.

INTRODUCTION

Every year, organisations invest enormous amounts in formal training and

development programs for their employees. In 2012, for example, US compa-

nies spent approximately $164.2 billion on training and development (Miller,

2013). Investments in European companies are also high, with some variation

between the countries (Boateng, 2009). Likewise, traditional research on

organisational learning focuses on formalised training, with training design,

training evaluation, and transfer of training as typical research topics (Aguinis

& Kraiger, 2009). The importance of formal training notwithstanding, infor-

mal learning activities seem to be increasingly acknowledged as another signifi-

cant source of employee learning. Informal learning typically does not have

clearly defined start and end points as well as predefined goals and schedules.

It is “unstructured, experiential, and noninstitutional” (Tannenbaum, Beard,

McNall, & Salas, 2010, p. 305) and is “most often intiated by the employee

themselves” (Sonnentag Niessen, & Ohly, 2004, p. 253). Informal learning can

involve a variety of organisational experiences, for example, learning from

interactions with peers, superiors, or clients, or reflecting on one�s work techni-

ques (Marsick & Watkins, 1990; Noe, Tews, & Marand, 2013; Sonnentag &

Kleine, 2000; Tannenbaum et al., 2010).

Some sources estimate that up to 70–80 per cent of all work-related knowl-

edge and skills are acquired informally on the job (Noe, Clarke, & Klein, 2014;

Tannenbaum et al., 2010). Informal learning certainly is essential in developing

work-related skills as it has the “potential for more meaningful learning experi-

ences than formal training” (Noe et al., 2014, p. 248) and may be suitable for

addressing the often discussed need for continuous and life-long learning in

modern workplaces. In some professions, informal learning may be even

more essential than in others, and entrepreneurship may be such a profession.

Entrepreneurs typically do not have the financial resources or the time to

engage in much formalised training. Moreover, formal education including

training only shows weak relations with entrepreneurial success (Unger,

Rauch, Frese, & Rosenbusch, 2011). In order to match entrepreneurs� require-

ments, much of their learning and development needs to take place in a self-
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regulated manner and as part of their everyday work activities—in the form of

informal learning. Also, informal learning is a potentially resource demanding

volitional activity (Noe et al., 2014). Entrepreneurs may be more inclined than

others to mobilise energy for such activities, given meta-analytic results on

entrepreneurs� achievement motivation (Frese &Gielnik, 2014).

The present research investigates effects of informal learning on entrepre-

neurial success. We believe that the study of informal learning in the context of

entrepreneurship is informative both for psychology of entrepreneurship and

for work and organisational psychology in general. It is informative for psy-

chology of entrepreneurship because it sheds light on learning processes that

entrepreneurs regularly engage in and that may contribute to entrepreneurial

success. In this respect, this research is in response to scholars� calls to increase

our understanding of how business owners learn and expand their capabilities

and knowledge (e.g. Ravasi & Turati, 2005). It is informative for work and

organisational psychology in general because informal learning, despite its

often cited importance, remains an underresearched research topic (see Noe

et al., 2013, 2014; Tannenbaum et al., 2010); the study of this topic in entrepre-

neurs may have broader implications for informal learning processes and out-

comes in the context of work, at least for jobs with similar levels of job

challenge, control, and demands.

More specifically, our research focuses on deliberate practice as one particu-

lar type of learning activity that can be applied informally at work (Sonnentag

& Kleine, 2000; Sonnentag et al., 2004). Deliberate practice is a concept from

cognitive-psychological expertise research that has recently attracted some

attention in (among other fields) entrepreneurship theory and research (Baron

& Henry, 2011). Although originally applied to exceptional performance in

fields such as chess, music, and sports, deliberate practice may also—with

some modifications and qualifications—be applied to the domain of work in

general as well as to entrepreneurship. In line with this proposition, deliberate

practice has been suggested as contributing to entrepreneurial performance

(Baron & Henry, 2010; Read & Sarasvathy, 2005; Unger, Keith, Hilling, Giel-

nik, & Frese, 2009) as well as to job performance in general (Macnamara,

Hambrick, & Oswald, 2014; Sonnentag & Kleine, 2000). However, empirical

research that explicitly tests for effects of deliberate practice in the field of

entrepreneurship remains scarce and is restricted to cross-sectional studies,

despite calls for more longitudinal research in the field of entrepreneurship

(Baron & Henry, 2011). This research seeks to fill this gap by replicating the

effect of deliberate practice on entrepreneurial success found in a South

African sample of small business owners (Unger et al., 2009) using a longitudi-

nal design in a different setting (i.e. German small business owners).

Finally, and more importantly from a substantive point of view, the present

study does not solely focus on potential main effects of deliberate practice but

also considers a context factor that may moderate the effect of deliberate
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practice, namely, environmental dynamism. We propose and test the notion

that deliberate practice is particularly effective if entrepreneurs act in a

dynamic business environment, whereas for entrepreneurs in a relatively stable

environment deliberate practice activities may be less effective. Adopting this

contingency perspective is in line with the proposition that individual-level fac-

tors often interact with other behavioral or environmental factors (Baron &

Henry, 2011; Hmieleski & Baron, 2009). In all, we believe that our research has

the potential to contribute both to entrepreneurship as a field of study and to

bridge psychology with entrepreneurship as it demonstrates how basic

cognitive-psychological concepts (i.e. deliberate practice) can be used to

explain applied phenomena (i.e. entrepreneurial success). In the following, we

define the concept of deliberate practice and detail how it can be adopted in

workplace learning and entrepreneurship. We also describe environmental

dynamism as a context factor of firms and its moderating role for effects on

firm success.

Deliberate Practice and Performance

Deliberate practice—originally introduced to explain exceptional performance

in fields such as chess, music, and sports—describes practice activities that are

“specifically designed to improve the current level of performance” (Ericsson,

Krampe, & Tesch-R€omer, 1993, p. 368) and that are typically designed by a

trainer or instructor who also provides corrective feedback. For example, avio-

linist who repeats playing scales as finger exercise or a chess player studying

games of world class chess masters would be engaging in deliberate practice.

An important tenet of the deliberate practice framework is that mere perform-

ance of an activity (e.g. playing the violin or playing chess for fun) does not

constitute deliberate practice. For practice to constitute deliberate practice, the

activities need to explicitly address current weaknesses with the goal of improv-

ing this skill area and they need to be engaged in in an effortful and focused

way. In other words, it is a volitional activity that is resource demanding and

that cannot be pursued over very long time periods. This also implies that

deliberate practice differs from mere experience in a particular domain, for

example, in terms of mere accumulated hours of doing an activity (e.g. hours

of playing chess or the violin in the course of one�s life; Ericsson et al., 1993).

Another assumption within the deliberate practice framework is that delib-

erate practice—but not mere performance of an activity—is suitable for con-

tinuous improvement in a skill area beyond the state of “arrested

development” (Ericcson, 2006, p. 696) that is usually reached after some prac-

tice. Contemporary theories of skill acquisition (e.g. Anderson, 1982; Hacker,

2003; Frese & Zapf, 1994) posit that while in the beginning of skill acquisition

(e.g. of motor movements) practice is effortful, intentional, and requires con-

sciuous control, actions (e.g. movements) become automatised and can be
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processed without explicit conscious control (Johnson, Chang, & Lord, 2006).

At this point of routinisation and arrested development, merely repeating the

same activity does not lead to increased levels of performance. Rather, only

deliberate practice activities specifically designed to address performance defi-

ciencies and aimed at altering the use of suboptimal techniques are suitable to

overcome these “detrimental effects of automaticity” (Ericsson, 2006, p. 696).

For example, a hobby tennis player can learn the basic tennis strokes (e.g. fore-

hand, backhand, serve) up to some satisfactory level after a certain amount of

practice but will not further improve significantly unless she systematically

trains to change suboptimal techniques that she may have adopted during

practice. In other words, deliberate practice implies that practice goes beyond

the skill level already mastered. It implies stretching one�s performance (Erics-

son, 2006) and is different from mere repetition of routinised techniques and

strategies which may be associated with satisfactory but not optimal perform-

ance in a skill domain.

The major proposition of deliberate practice theory is that deliberate prac-

tice is essential and necessary to obtain exceptional levels of performance in a

given domain. In line with this assumption, research has found deliberate prac-

tice to be associated with performance across a number of domains such as

music (Ericsson et al., 1993; Sloboda, 1996), sports (e.g. Hodges, Kerr, Starkes,

Weir, & Nananidou, 2004), and chess (Charness, Tuffiash, Krampe, Reingold,

& Vasyukova, 2005). A recent meta-analysis that included 157 effect sizes

yielded a positive and significant average effect size of .43 (effect size rwith cor-

rection for unreliability; Macnamara et al., 2014), although the effect sizes var-

ied significantly across domains and methods of assessement of deliberate

practice and performance.

When applying the concept of deliberate practice to work-related skills, cer-

tain differences between work tasks and tasks of classical domains of expertise

research need to be taken into account (see Baron & Henry, 2010; Keith &

Ericsson, 2007; Sonnentag & Kleine, 2000; Unger et al., 2009). First, work

tasks may not be as well defined and as static as tasks in many classical

domains. The tasks of entrepreneurs in particular are often ill-defined, uncer-

tain, and complex (Frese & Gielnik, 2014). Second, deliberate practice activ-

ities in classical domains are often structured by instructors or teachers (i.e.

formal learning). At work, particularly for small business owners, there is usu-

ally no such teacher or trainer present. Therefore, one needs to engage in delib-

erate practice in a self-regulated and informal manner, that is, by adopting the

goal of performance improvement, identifying areas of possible improvement,

and designing as well as executing deliberate practice tasks that are suitable for

performance improvement (e.g. mental simulations of difficult situations with

clients; see Sonnentag & Kleine, 2000). The same applies for feedback: While

in classical domains of expertise research, a trainer or instructor may provide

feedback, in the entrepreneurial context feedback needs to be actively sought
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and, furthermore, processed adequately. Individuals probably differ in the

extent to which they spontaneously engage in such self-regulated deliberate

practice and in processing of feedback.

Note that this difference (i.e. presence vs. absence of trainer/instructor)

between deliberate practice in classical domains of expertise and in typical

work situations also touches upon the distinction between formal and informal

learning which we have referred to above. In classical domains, deliberate prac-

tice often includes formal learning situations (e.g. lessons). At work, particu-

larly in the context of entrepreneurship, however, we argue that deliberate

practice largely occurs informally and in a self-directed manner outside formal-

ised settings (Sonnentag & Kleine, 2000; Sonnentag et al., 2004), as entrepre-

neurs usually do not have the time to participate in formal classroom-based

training. In the present research, therefore, we focus on informal deliberate

practice activities.

Third, the concept of deliberate practice was originally developed to explain

exceptional performance rather than performance of an average range. To

apply the concept to everyday and average work-related performance, we need

to assume that no qualitative difference exists between excellent and intermedi-

ate performance but that intermediate and excellent performances merely rep-

resent different values on the same performance dimension (see Keith &

Ericcson, 2007). Finally, while acknowledging that deliberate practice is differ-

ent frommere task execution (Ericsson et al., 1993; Ericsson, 2006), we need to

assume that deliberate practice activities can be pursued as part of one�s job

(Day, 2010). That is, while some activities at work may be pursued to merely

get one�s job done (i.e. mere task execution), others may be pursued with the

explicit goal of performance improvement in the long run; only the latter qual-

ify as deliberate practice (see Sonnentag &Kleine, 2000).

Empirically, the effect of deliberate practice on performance in the domain

of work has not been tested very often. In the meta-analysis by Macnamara

et al. (2014) only seven of the 157 effect sizes included belonged to professions.

They yielded an average effect size of zero (r5 .05). Of these seven effect sizes,

however, three were drawn from one sample of soccer referees (a profession not

typically the subject of research in work and organisational psychology). Also,

the seven effect sizes varied considerably (range of 2.37 to .37). The average

zero effect size, therefore, should be interpreted with caution and probably

does not necessarily generalise to other professions. In an interview study with

insurance agents (which was included in the meta-analysis), Sonnentag and

Kleine (2000) found the amount of deliberate practice (e.g. mental simulations,

exploring new strategies)—but not mere work experience—to be significantly

related to supervisor-rated performance. In their study, Unger et al. (2009; not

included in the meta-analysis) conducted interviews in a sample of South Afri-

can small business owners and identified deliberate practice activities similar

to those included by Sonnentag and Kleine (2000), namely, private
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conversation, firm meetings, exploring new strategies, mental simulation, ask-

ing customers for feedback, consulting colleagues or experts, attending work-

shops/training, professional reading, observing others, and controlling/

checking; in this study deliberate practice predicted entrepreneurial knowledge

which in turn predicted entrepreneurial success (mediation effect). In the fol-

lowing, we explicate inmore detail why deliberate practice may positively affect

entrepreneurial success.

Deliberate Practice and Entrepreneurial Success

There is wide agreement among scholars that the ability to learn is critical to

achieve business success (see Audia, Locke, & Smith, 2000; Burgelman, 1990;

Cope, 2005; Gibb, 1997; Grant, 1996; Levinthal & March, 1993; Zahra &

George, 2002). Entrepreneurship “is a process that is characterised by signifi-

cant and critical learning events. The ability of entrepreneurs to maximise

knowledge as a result of experiencing these learning events will determine how

successful their firm eventually becomes” (Deakins & Freel, 1998, p. 153).

Along with others, we argue that deliberate practice is a useful concept to study

such processes of learning in entrepreneurship (Baron & Henry, 2010, 2011;

Read& Sarasvathy, 2005). First, owners need to learn because they are affected

by technological developments, increased customer demands (Thayer, 1997),

and growing competition. In response to such developments, business owners

need to continuously engage in processes of learning to adjust their skills and

knowledge. In entrepreneurial contexts, activities with an explicit goal of com-

petence improvement may facilitate the acquisition of new domain-specific

knowledge. For example, regularly asking customers for feedback or consult-

ing colleagues with the explicit goal of competence improvement may help

owners to learn about new trends and changing demands in their market and,

thereby, increase their market knowledge. Increased market knowledge, in

turn, may enable owners to respond more quickly and adequately to change

and to be ultimately more successful.

Second, self-regulated learning is especially suitable for small business own-

ers. While programs of competence development are typically provided to

employees of larger firms, business owners have to identify and address learn-

ing needs by themselves. Owners therefore need to assume a proactive stance

towards learning—an important task that owners may manage by engaging in

deliberate practice, including conscious self-monitoring and active processing

of feedback that, over time, help owners realise when there is a problem and

correct mistakes accordingly. Third, business owners may themselves become

agents of change and development (Schumpeter, 1934) rather than merely

responding and adapting their competencies to changes in the environment

(e.g. by introducing new products). Therefore, they need to explore, discover,

and pursue new business opportunities (Shane & Venkataraman, 2000). A
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deep level of processing information, as implied by deliberate practice, may

facilitate the identification of viable business opportunities through enhanced

recognition of patterns between seemingly disparate and unrelated events (e.g.

changes in technology, shifts in demographics, alterations in government poli-

cies, etc.; Baron & Henry, 2010, 2011). Taken together, the above stated argu-

ments suggest that deliberate practice is relevant to learning and skill

development in entrepreneurship. The concept of deliberate practice may help

to better understand how business owners engage in self-directed learning to

adapt to environmental changes, to anticipate new developments and produce

change themselves, and to proactively acquire relevant skills and knowledge—

actions that may in turn lead to increased entrepreneurial success.

Hypothesis 1: Deliberate practice has a positive effect on success.

Moderating Effects of Environmental Dynamism

Learning is imperative in the face of ongoing and rapid changes in modern

work environments including entrepreneurship. By extension, learning in

entrepreneurship may be more central the more rapidly changes occur in the

business environment. Dynamic environments are characterised by such rapid

and unpredictable changes (Hmieleski & Baron, 2009). Adopting a contin-

gency perspective of organisational behavior of owners (Katz & Kahn, 1978),

we argue that the more dynamic the environment of a business owner, the

stronger the learning need, and the stronger the requirement to adapt to and to

prepare for environmental change (e.g. market changes, technological develop-

ment, increased and changing customer demands) through engagement in

deliberate practice. Furthermore, as decribed above, deliberate practice is a

volitional and mentally effortful activity that may consume motivational and

cognitive resources as well as, more practically, time and possibly financial

resources. In a situation in which changes and adaptations are unnecessary

and in which following one�s routines as well as established strategies and tech-

niques may suffice (i.e. in a stable business environment), deliberate practice

may be ineffective or even detrimental, as resources are wasted that should

rather be spent otherwise (see Kanfer & Ackerman, 1989). This is not to imply

that engaging in deliberate practice in a dynamic environment was an easy

task. On the contrary, in turbulent times, in which entrepreneurs are busy with

mere task accomplishment, it may be particularly difficult to spend additional

volitional energy and effort in deliberate practice activities. Still we maintain

that if entrepreneurs do so, they can benefit as their practice activities will lead

to learning that will ultimately help them master the new challenges they are

facing; sticking to one�s routines and focusing on mere task accomplishment,

in contrast, may appear to be immediately useful as it is less resource-
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consuming but may not pay off in the long run. For these reasons, we suggest

effects of deliberate practice on success to be contingent on the level of environ-

mental dynamism; we expect the effects to be most pronounced in dynamic

environments (a similar argument has been made for dynamic capabilities on

the level of firms; see Zahra, Sapienza, & Davidsson, 2006).

Hypothesis 2: Environmental dynamism moderates the relationship between

deliberate practice and success. Effects of deliberate practice on success are posi-

tive and stronger for owners in highly dynamic environments compared to owners

in less dynamic environments.

Note that this prediction appears to be at odds with the results of the recent

meta-analysis on deliberate practice by Macnamara et al. (2014) who found

predictability of the task environment—which has some similarity with our

moderator environmental dynamism—as a moderator (although they did not

offer a theoretical explanation); effect sizes were larger in predictable environ-

ments (e.g. the sport of running) than for activities low in predictability (e.g.

handling an aviation emergency). As described above, however, there are struc-

tural differences between classical domains of expertise research included in

the meta-analysis and the situation of entrepreneurs and other professions in

which “deliberate practice is less well defined” (Macnamara et al., 2014, p. 8)

than in classical domains. Another difference is the necessity and potential

benefit of deliberate practice. While in classical domains, any expert and aspir-

ing expert typically spends infinitely more time on practice activities than on

performing, the pattern is reversed in professional domains in which most of

the time is needed for performing one�s job; whether there is the necessity to

engage in deliberate practice and whether it pays off to do so is contingent on

the necessity to learn (i.e. in dynamic environments).

METHOD

Sample

The study includes a longitudinal sample of business owners, sampled from a

large and economically highly successful area in Germany. At Time 1 (T1) we

randomly selected and contacted owners via public registries. We used a

multiple-industry design (see Covin, Green, & Slevin, 2006; Kreiser, Marino,

Dickson, &Weaver, 2010;Wiklund & Shepherd, 2003) whose advantage is that

findings can be better generalised to multiple industries and are not confined

to the one particular line of industry in which the research has been conducted.

The disadvantage is the heterogeneity of firms and industries that may system-

atically relate to dependent variables. To account for this, we restricted our

research to four industries: information technology (25%), gastronomy (23%),
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automobile (13%), and construction (38%), and statistically controlled for line

of industry in all analyses. Despite certain differences, we expected informal

learning to be possible and potentially beneficial in all four industries.

Of the 290 business owners who participated at T1 (response rate: 43%), 187

owners (64%) responded again two years later at Time 2 (T2). To be included

in the study, participants had to be owners and active managers of their firm,

have at least one employee, and have been in business for at least one year. Par-

ticipation involved an interview and a questionnaire at both T1 and T2. The

total number of participants who responded to both the interview and the

questionnaire at both T1 and T2 was 132. The average firm size was small as

most firms are small (average no. of employees5 10.15, SD5 13.17). Average

age of owners was 44.56 (SD5 8.92) and the vast majority were male (83.3%).

About half of participants (50.3%) held a university degree. Average years of

education (i.e. general schooling and professional training or university stud-

ies) was 16.09 (SD5 3.53). Average age of firm was 20.83 years, with some var-

iation (SD5 30.13) as there were relatively young firms as well as some

traditional firms more than 100 years old in the sample.

Procedure

We conducted lengthy structured interviewswith the owners at both T1 and T2

and, subsequently, asked them to fill out a questionnaire and to send it back to

us (postage was included). Interviews were performed by graduate students of

psychology who were trained in a 2–3-day training in interview techniques,

coding, and note taking. This training included role-playing the interview sit-

uation. An experienced interviewer accompanied the new interviewers during

their first actual interviews. To ensure high quality of the interviews, feedback

interviews were conducted on a regular basis. In addition, consultative meet-

ings were held regularly to minimise coding biases. Directly after the inter-

views, interviewers filled out a questionnaire (the interviewer evaluation form)

that captured the interviewer�s impression. Interviewers were explicitly trained

in the use of the interviewer evaluation form.

In longitudinal studies, assumptions about the timing of effects need to be

made. In the present study, the time lag of two years between T1 and T2 was

chosen for the following reasons. A time lag of less than one year is not advisa-

ble in an entrepreneurial sample, as seasonal effects (e.g. in the construction

industry) may obscure any real changes in dependent variables. Also, firm suc-

cess is a criterion that is much more delayed than other performance criteria

(Smith, 1976). We therefore chose a longer time interval of two years between

T1 and T2 as is commonly done in small business research (e.g. Delmar &

Wiklund, 2008; Rauch, Frese, & Utsch, 2005).
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Measures

Deliberate Practice. Deliberate practice was measured in the question-

naire at T1. We used a measure by Sonnentag and Irion (2010) consisting of 15

items that described diverse deliberate practice activities and that had been

developed based on activities identified in a structured interview (Sonnentag &

Kleine, 2000; see also Unger et al., 2009). The activities comprised discussing

or asking (e.g. employees or colleagues) or researching the internet or other

written material on work techniques, on new developments in the field, or on

other work-specific information as well as reflecting on one�s work techniques

and deliberately trying out new ones. All of the items referred to informal

learning activities. Although developed independently, the items appear to

resemble the measure of informal learning developed by Noe et al. (2013) (who

refer to the work by Sonnentag & Kleine, 2000). Their measure involves learn-

ing from oneself (e.g. reflecting, experimenting), from others (e.g. discussing

with or asking others), and from non-interpersonal sources (e.g. searching the

internet). In the present study, before filling out the items, participants were

asked to answer two questions. These questions were designed to focus partic-

ipants� attention on activities and skills required for their work that they could

deliberately improve. First, participants were asked to write down three activ-

ities that are typical of their work. Then, owners indicated what skills and

knowledge they needed to perform these activities. Subsequently, the 15 items

by Sonnentag and Irion (2010) were presented. Each item began with the stem

“In order to improve my skills, . . .”, and continued with a particular deliberate

practice activity. Itemswere to be answered on a 6-point scale ranging from sel-

dom/never (1) to every day (6). Sample items are, “In order to improve my

skills, I deliberately take some time to re-think my working techniques” and

“In order to improve my skills, I deliberately try out new techniques”. Items

were aggregated to form a scale of deliberate practice (Cronbach�s alpha

5 .91).

Environmental Dynamism. We used five items to measure environmental

dynamism at T1 (Miller & Friesen, 1982). Participants were asked to indicate

which business environment best described their own situation. The answer

format was a 7-point scale with the end points representing a very dynamic

(e.g. “The way of production/service changes frequently and substantially”)

and a very stable environment (e.g. “The technology for our products/services

is well established and rarely changes”). Items were aggregated to form a scale

of environmental dynamism (Cronbach�s alpha5 .68). Environmental dyna-

mism was also assessed at T2 (Cronbach�s alpha5 .70) but was not used in

analyses as we were interested in lagged effects. To account for differences

between lines of industry (which were not the focus of our study), we used

scores that were standardisedwithin lines of industry.
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Measures of Success. Unfortunately, German small business owners are

not willing and often also not able to provide detailed auditing type measures

(e.g. cashflow, profit, exact sales volume) due to their fear that data might get

into the wrong hands. Therefore, we needed to get robust measures that the

entrepreneurs were willing to provide. We used subjective success, the inter-

viewer evaluation of success, and the number of employees. Because we con-

trolled for prior success in all analyses, we are actually testing effects on change

in these success variables from T1 to T2 (see Warr, Allan, & Birdi, 1999) and

we also control for constant sources of commonmethod variance.

Subjective Success. We used a seven-item self-report measure of organi-

sational success. Four of the items were adapted from Van Dyck, Frese, Baer,

and Sonnentag (2005) and dealt with business success in general (e.g. “How

successful is your business in comparison to other businesses in the same indus-

try and of about the same size?”). The other three items were adapted from

Wiklund and Shepherd (2003) and asked owners to rate their own firm�s per-

formance relative to their most important competitors with regard to growth

in sales, personal income, and number of employees, for example, “During the

last two years, how did your business develop regarding sales growth in com-

parison to your two most important competitors?” All items were rated on 5-

point scales. Items were aggregated to form a scale of subjective success. The

scales used have been shown to be related to objective success in prior studies

(e.g. van Dyck et al., 2005). We used the same measure at Time 1 (Cronbach�s

alpha5 .76) and Time 2 (Cronbach�s alpha 5 .79). A paired t-test indicated

that owners subjectively evaluated their success more positively at T2 than at

T1, t(130)522.14, p< .05, d5 0.19.

Interviewer Evaluation of Success. The interviewer evaluation of success

was based on interviewers� assessment that was recorded right after the inter-

views when impressions were still vivid. We used two items, both of which were

answered on a 5-point scale. The first item involved the interviewers� general

assessment of success. This measure allowed interviewers to capture all obser-

vations of the firm during and outside the interview. The second item assessed

the standard of equipment of the firms. The two items correlated substantially

(r at Time 15 .41, p< .01; r at Time 25 .43, p< .01) and were aggregated to

indices of success. A similar measure has been used in previous research, where

it has been shown to be a good summary measure of success. In these studies,

the interviewer evaluation of success correlated substantially with other meas-

ures of firm success such as number of employees (from .42 to .53) and an

expert evaluation of success (r5 .78; all p< .05; Frese et al., 2007). A paired t-

test indicated that interviewers� evaluations of success were more positive at T1

than at T2, t(131)5 2.17, p< .05, d520.19.
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Number of Employees. Number of full-time employees was used as

another measure of firm success (same measure at Time 1 and Time 2). Since

our analyses control for number of employees at Time 1, this variables meas-

ures growth in employment. Employment growth has been used frequently in

entrepreneurship research (e.g. Delmar & Wiklund, 2008; Rauch & Rijsdijk,

2013). A paired t-test indicated that number of employees had increased from

T1 to T2, t(128)523.17, p< .01, d5 0.28.

Control Variables. We used three variables to code the four lines of

industry included in our sample (unweighted effects coding; Aiken &

West, 1991). We also used age of owner, years of education of owner, and

age of firm as control variables because they correlated with at least one

predictor or one dependent variable (Table 1). As an additional reason,

years of education was included as an indicator of formal learning of

owners (see Unger et al., 2009)—a variable that may be confounded with

informal learning and which we included to control for spurious effects

of informal learning.

RESULTS

As depicted in Table 1, the success variables correlated significantly

within measurement occasions, supporting the validity of measures, with

correlations ranging from .18 to .50 (all p< .05). The only non-significant

correlation was between number of employees at Time 1 and subjective

success at Time 2 (r5 .16). The coding variables for lines of industry

shared significant correlations with some of the dependent variables (and

in one case with a predictor), underscoring the need to include them as

controls in further statistical analyses. The other control variables also

shared at least one significant correlation with one of the dependent vari-

ables or predictors. For example, age of firm was significantly related to

number of employees (older firms had more employees). Deliberate prac-

tice was unrelated to years of education but was significantly related with

environmental dynamism (.35, p< .01). This is in line with the proposi-

tion that dynamic capability is related to dynamism in the environment

(Zahra et al., 2006) and with the assumption that informal learning is

more likely in non-routine situations (Marsick & Watkins, 1990). Despite

this moderate correlation between the two predictors, no indication of

multicollinearity was found in subsequent regression analyses (range of

variance inflation factors: 1.12–1.98; range of tolerance values: .51–.89;

Cohen, Cohen, West, & Aiken, 2003).

Hypothesis 1 predicted a main effect of deliberate practice on firm success.

Hypothesis 2 predicted an interaction of deliberate practice and environmental

dynamism, with the effect of deliberate practice on firm success being most
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pronouncedwhen environmental dynamism is high. Note that because we con-

trolled for dependent variables at T1, we are actually predicting change in

dependent variables (see Warr et al., 1999). We tested these hypotheses in a

series of hierarchical moderated regression analyses (see Aiken & West, 1991;

Cohen et al., 2003) for subjective success, for interviewer evaluation of success,

and for the number of employees. In the first step (Model 1), we included the

control variables. In the second step (Model 2), we also included the dependent

variable measure at Time 1. In the third step (Model 3), we included and eval-

uated the main effects of deliberate practice and environmental dynamism.

Finally, in the fourth step (Model 4), we included the interaction term of

deliberate practice and environmental dynamism. The results are displayed in

Table 2.

For subjective success, Hypothesis 1 was not supported, as deliberate prac-

tice did not predict change in subjective success in Model 3. Hypothesis 2 was

supported, as the interaction (Model 4) was significant. The shape of the inter-

action was in line with predictions: The effect of deliberate practice was most

pronounced when environmental dynamism was high (Figure 1A). Simple-

slopes analyses (see Aiken & West, 1991) revealed that only under conditions

of high environmental dynamism was the effect of deliberate practice signifi-

cant (b5 .19, p< .05), whereas for average (b5 .02, p5 .82) and for low levels

of environmental dynamism (b52.16, p5 .17), the effect did not differ from

zero.

For interviewer evaluation of success, Hypothesis 1 was supported (signifi-

cant effect of deliberate practice inModel 3). Hypothesis 2 was also supported,

as the interaction (Model 4) was significant. The shape of the interaction was

in line with predictions (Figure 1B) and simple-slopes analyses revealed that

only under conditions of high environmental dynamism was the effect of delib-

erate practice significant (b5 .23, p< .05), whereas for average (b5 .10,

p5 .22) and for low levels of environmental dynamism (b52.02, p5 .85), the

effect did not differ from zero.

For employee growth as an indicator of firm success, Hypothesis 1 was not

supported, as deliberate practice did not predict employee growth in Model 3.

In this model, environmental dynamism had a small but significant negative

effect on employee growth. Hypothesis 2 was supported, as the interaction

(Model 4) was significant. The shape of the interaction, however, slightly dif-

fered from the others (Figure 1C). For low levels of environmental dynamism

there was a small but significant negative effect of deliberate practice

(b52.10, p< .05), whereas there was no effect for average (b52.04, p5 .22)

or for high (b5 .02, p5 .56) levels of environmental dynamism.

In sum, we found partial support for the main effect of deliberate practice

on change in firm success (Hypothesis 1); for one of three dependent variables

the effect was significant. For the interaction of deliberate practice and envi-

ronmental dynamism (Hypothesis 2), the support was clearer; for all three
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dependent variables the interaction was significant. In addition, the shape of

the interaction was as predicted for two of the three dependent variables. For

the third dependent variable (i.e. number of employees), the shape of the inter-

action was somewhat consistent with predictions but slightly different, as there

was no positive effect of deliberate practice in dynamic environments but a

negative one in stable environments. Note, however, that we found an interac-

tion for this dependent variable despite its extremely high stability from Time 1

to Time 2 (Model 2 DR2
5 .70, p< .01).

FIGURE 1. Interactions of deliberate practice and environmental dynamism on
change in three measures of firm success.a
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DISCUSSION

Deliberate practice involves effortful and goal-directed practice activities spe-

cifically designed to improve performance in a particular skill. While originally

developed to explain exceptional performance in classical domains of expertise

research such as chess, music, or sports, the basic assumptions associated with

this concept can be—with some modifications and qualifications—fruitfully

adopted to a broader range of skills, including professional skills, although

only few studies have done so to date (see Macnamara et al., 2014). More spe-

cifically, deliberate practice with regard towork-related skills may be conceived

of as one type of informal learning that workers in various jobs and professions

may engage in. The present study applied the concept of deliberate practice to

a sample of German entrepreneurs in a longitudinal study, replicating and

extending earlier cross-sectional studies with insurance agents (Sonnentag &

Kleine, 2000) and entrepreneurs in South Africa (Unger et al., 2009).

Our study yielded partial support for the proposed main effect of deliberate

practice (significant main effect for one out of three dependent variables). We

further found the expected moderating effect of environmental dynamism,

with the effects of deliberate practice being most pronounced for entrepreneurs

in dynamic environments (two out of three dependent variables), while there

was also some indication (one of three dependent variables) that deliberate

practice can be detrimental to success in stable environments. By and large, the

study is consistent with the widely accepted assertion among organisational

and entrepreneurship scholars that learning and the ability to change are

important capabilities of firms (Barney, Wright, & Ketchen, 2001; Busenitz &

Alvarez, 2007). To our knowledge, this study is among the first to apply the

concept of deliberate practice to work settings and the first to explore the

impact of deliberate practice on success in small businesses within a longitudi-

nal setting.

The main effect of deliberate practice for which we found some support is in

line with previous findings that applied deliberate practice to the domain of

work. The fact that we found a main effect for only one of our three dependent

variables and the somewhat small magnitude of this effect indicates that the

influence of deliberate practice on firm success as a single explanatory source

may not be as large as suggested in earlier cross-sectional research. On the

other hand, the moderating effect we found suggests that deliberate practice

may be an important predictor but needs to be considered in context (see

Baron & Henry, 2011), that is, in interaction with environmental dynamism.

This moderating effect of environmental dynamism yielded a clear picture at

least for two of the three dependent variables. Apparently, deliberate practice

unfolds its effects for entrepreneurs or firms in dynamic environments, whereas

in stable environments it is unrelated to entrepreneurial success or may even be

detrimental.
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This interactional pattern is both in line with predictions drawn from delib-

erate practice theory and with assumptions of entrepreneurship theory. Delib-

erate practice theory stresses that practice activities need to be specifically

designed to address current weaknesses in performance. Particularly in cases in

which a preliminarily acceptable level of performance (“arrested devel-

opment”; Ericsson, 2006, p. 696) is reached can deliberate practice activities be

useful to stretch oneself to reach higher levels of performance by introducing

new strategies and techniques. In stable and predictable environments, in con-

trast, there may be no necessity to break with old routines and to learn new

strategies and techniques (i.e. deliberate practice). Trying out new things may

even be detrimental to performance as it is unnecessary and may consume

resources that should rather be devoted otherwise. Note, however, that the

interactional pattern we find is not in line with the moderating effect found in

the recent meta-analysis on deliberate practice (Macnamara et al., 2014), in

which the effect of deliberate practice was larger for activities high (rather than

low) in predictability. As we have described in the theory section, we did not

expect to find the same interactional pattern due to structural differences

between the situation of experts in classical domains (e.g. chess, music, sports)

and of entrepreneurs. Entrepreneurship theory suggests that entrepreneurship

is a complex phenomenon that can hardly be understoodwith reference to sim-

ple and single factors but that several processes and context factors act in con-

cert to affect firm success (Baron & Henry, 2010, 2011). The present study

adopted a contingency perspective and focused on environmental dynamism

as one such context factor. While we believe that our study is a good beginning

to understand the interplay between learning/deliberate practice and environ-

mental dynamism, certainly further research is needed to substantiate the inter-

action found in this study and to explore some of the interpretations offered

above.

Practical Implications

Our findings have implications for policy makers, educators, lenders, and the

owners themselves. First, business owners may be instructed how to apply

deliberate practice. Our findings show the importance of learning for small

business owners, particularly in dynamic environments. Deliberate practice

appears to offer a practical, flexible, and readily applicable tool to address the

learning needs of small business owners. Moreover, deliberate practice (e.g.

mental simulation of difficult work situations) can be applied independently of

specific learning contents and across industries. Specifically designed training

may teach owners how to design deliberate practice activities most suitable for

the specific learning needs and situations in their business. Second, business

owners should be made aware of the relevance of learning in small businesses

and the potential impact of deliberate practice on business outcomes.
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According to our results, learning and success at least partially remain the

responsibility of the owners themselves who may—or may not—opt to engage

in self-regulated deliberate practice to improve their firm�s performance.

Finally, deliberate practice may also become practically relevant for personnel

development in larger firms or for those employees who are keen to improve

their skills as it is a proactive kind of learning behavior (Noe et al., 2014) that

may be flexibly adapted to tasks and demands. Stated differently, the deliberate

practice activities identified in earlier studies and assessed in the present one

(e.g. mental simulations of difficult work situations, exploring new work strat-

egies) may be generalisable and helpful for performance improvement across a

wide range of tasks and jobs. As such, the concept may offer a promising tool

of learning and development for employees and employers in various work

environments.

Limitations

One limitation of this study concerns the measurement of success. The diffi-

culty of measuring performance in small businesses has repeatedly been

pointed out in entrepreneurship research (Daniels, 1999; Frese et al., 2007;

Wiklund, 1998). Many owners are hesitant to disclose sensitive performance

data. It is therefore difficult to get hard data from small business owners. We

dealt with this problem using multiple operationism (Webb, Campbell,

Schwartz & Sechrest, 1966) by including success from different sources. While

subjective organisational success and number of employees were obtained

from the owner as a self-report measure, the interviewer evaluation of success

was based on an independent external rating by the interviewers. This helped

reduce the possibility of effects of commonmethod variance in our results. The

fact that we found by and large similar results for the three success indicators

supports the validity of our findings. Furthermore, it should be noted that the

subjective measure of success had low variance (see Table 1)—a common phe-

nomenon for self-reports of performance (e.g. Harris & Schaubroeck, 1988).

While the low variance of subjective success may pose a problem because of

range restriction, we found effects for this variable despite this range

restriction.

A similar criticism applies to our subjective measure of environmental dyna-

mism, which also had non-optimal measurement properties (Cronbach�s alpha

of .68). While an advantage of measuring environmental dynamism subjec-

tively is that data can be easily obtained across a range of lines of industry, a

more objective assessment of environmental dynamism may be desirable. For

example, Hmieleski and colleagues have proposed an interesting measure of

environmental dynamism that is based on predictability over time and that (if

available) can be derived from objective factors such as industry revenues or
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number of industry establishments (Hmieleski & Baron, 2009; Hmieleski &

Ensley, 2007).

Although we believe that the effects we found for deliberate practice and its

interaction with environmental dynamism are actually due to deliberate prac-

tice, we cannot be sure whether we have not picked up a spurious relation-

ship—a limitation that applies to any non-experimental, survey-based

research, irrespective of it being cross-sectional or longitudinal. For example, it

is possible that deliberate practice is confoundedwith formal training or educa-

tion (i.e. that entrepreneurs who engage in deliberate practice have also

received more formal training) and that the deliberate practice effects are

actually driven by formal training. To rule out this alternative explanation, we

included a proxy for formal training (i.e. years of education; see Unger et al.,

2009) as control variable in our analyses, with stable effects indicating that the

relationships of deliberate practice were not spurious. Future studies may

include other measures of formal training (e.g. regular participation in work-

shops or seminars, rather than formal training received in the past) or other

alternative variables with which deliberate practice may be confounded.

Future Research

Future studies may explore antecedents of deliberate practice. While previous

research has examined cognitive antecedents of deliberate practice among

small business owners (Unger et al., 2009), future studies may focus onmotiva-

tional antecedents. Deliberate practice incorporates a high degree of effort on

the part of the owner, like informal learning in general (see Noe et al., 2014). It

would therefore be interesting to better understand the motivational prerequi-

sites of deliberate practice. For example, owners with a higher need for achieve-

ment, higher learning self-efficacy, or higher learning orientation may engage

in more deliberate practice. That being said, we do not claim that any potential

effects of these motivational variables are fully mediated by deliberate practice.

Rather, there may be direct effects of these variables that are independent of

deliberate practice or effects mediated by variables other than deliberate prac-

tice such as, for example, other types of informal learning (e.g. incidental

learning).

In addition, the effects of deliberate practice could be specifically studied

across different stages in the life cycles of small businesses and in the context of

venture creation and serial entrepreneurship. For example, engagement in

deliberate practice may occur more frequently in the early part of the life

cycle of a firm and its effects on learning may be more pronounced in

such phases corresponding to the higher learning need and the steeper

learning curve during the initial years (Baron, Frese, & Baum, 2007). Also,

studying the link between deliberate practice and serial entrepreneurship may

be interesting. Occasionally the literature has equated serial entrepreneurswith
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entrepreneurial expertise (see Read & Sarasvathy, 2005). Indeed, evidence sug-

gests that entrepreneurial action and performance improves with the number

of business ventures (Shane, 2003). Deliberate practice may explain these rising

levels of performance among individuals who start several new ventures during

their careers while lack of deliberate practice may account for failures of serial

entrepreneurs.

Future research may also explore conditions under which applicability of

deliberate practice is limited. For example, for some skills (e.g. social skills), it

may be difficult to clearly interpret feedback on efficient and non-efficient

actions and, as a consequence, to design adequate deliberate practice activities

for performance improvement. A similar case has been made for learning from

errors in training and at work (Frese & Keith, 2015; Keith & Frese, 2008) and

for learning from experience in leadership development (Day, 2010; DeRue &

Wellman, 2009). Finally, the present study focused on the effects of deliberate

practice on firm success—a dependent variable which is most important from

the view of research in entrepreneurship (Baron & Henry, 2011). Within the

broader scope of work and organisational psychology and of other professions

and jobs, however, other dependent variables may be of interest. For example,

future research may explore under what circumstances engaging in deliberate

practice leads to positive or negative consequences in terms of subjective well-

being and it may, in line with contemporary theorising and research on well-

being, identify processes mediating such effects. Other important dependent

variables potentially promoted by deliberate practice may be creativity and

innovation of firms or of indivudualswithin firms.
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