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Abstract

In many domains, it is estimated that approximately 10,000 hours of planned learning activities are
required to reach an expert level of performance. However, this poses a challenge for learners to
balance such extensive learning times with the demands of everyday life. In our study we focused
on activities in the domain of chess. We hypothesized that chess-related activities could be better
integrated in an individual’s life if exogenous resources — specified in the educational capital ap-
proach (Ziegler & Baker, 2013) — are sufficiently available. In order to test this hypothesis we
introduced the concept of the Domain Impact Level of Activities (DILA), that is, the degree to
which a learner's activities are influenced by a certain domain. As expected, we found that the more
exogenous resources (educational capital) chess players had at their disposal, the higher was their
DILA in regard to social and everyday activities. Concerning social activities, we also found a
direct effect of playing time hours and a small indirect effect of educational capital on the DILA via
playing time hours. In the model predicting the DILA of everyday activities, these effects were not
found. It was concluded that the availability of educational capital facilitates the integration of
domain-related activities in a learner’s life.
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In order to attain expertise in a competitive domain like mathematics, music, sports or
chess, a person has to spend many hours on practice. Research has clearly shown that the
total lifetime amount of practice is related to performance in a variety of domains (Mac-
namara, Hambrick, & Oswald, 2014). With regard to the particular example of chess,
Simon and Chase (1973) claimed that nobody can play on an internationally competitive
level “with less than about a decade’s intense preparation with the game” (p. 402), which
corresponds to approximately 10,000 hours of planned learning (Simon & Chase, 1973a,
1973Db).

This 10-year rule has proved to be a valid estimation in virtually all domains in which
studies have been conducted (e.g., Baker, Cote, & Abernethy, 2003; Ericsson, Krampe,
& Tesch-Romer, 1993; Gobet & Campitelli, 2007; Hayes, 1981). For example, Gobet
and Campitelli (2007) found in their sample of chess players that, on average, they need-
ed 11,053 hours of deliberate practice in order to reach master level. The slowest player
needed as much as 23,608 hours of deliberate practice. Thus, it is safe to conclude that a
significant amount of time is needed to become an expert, whereby the aforementioned
time estimations only relate to serious training hours. In fact, experts would have spent
much more time on activities related to their domain of expertise. These include domain-
specific activities not intended for improvement (and thus not accounted for in the delib-
erate practice assessments; e.g. Gobet & Campitelli, 2007), such as, commuting to the
training venue, passively enjoying the domain (e.g., a music expert listening to music, a
sports expert watching sports events, or a sculptor visiting art exhibitions), or talking
about the domain with friends and family.

Time management demands in chess

Chess expertise is for a number of reasons an appropriate focus to address the question of
how time demands can be met by future chess experts. First, chess has already attracted
many research studies so that it has now a reputation as the “drosophila of cognitive
psychology” (Grabner, Stern, & Neubauer, 2007). It might be the domain for which we
have most data available and that is currently best understood. Secondly, expertise levels
are quantifiable through a valid rating system (Elo, 1986; Hambrick et al., 2014). Third-
ly, from a practical perspective the access to a larger number of experts, which is im-
portant for such research, is relatively easy. Finally, the highly motivating character of
the game makes it especially suited for the study of our research aim. With its strategic
depth, its somewhat glorified reputation and its competitive environment, chess seems
predestined to lead motivated players to a state in which their lives are increasingly in-
fluenced by chess. Puddephatt (2008) found in interviews with chess players of a wide
skill range that many of his participants expressed concerns about over-involvement with
chess. According to Puddephatt (2008), it had become for many chess players an “all-
consuming activity” (p. 160), which constrained other life commitments including work
or university studies. One player reported that he became totally absorbed in chess and
was reading more than 100 books on the topic per year. Another player stated that he
kept a chess book in his desk at work and when he went to the bathroom he took a look
at it. Even for hobby players, chess can be classified as a so-called ‘serious leisure activi-
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ty’ (Stebbins, 1992): “ ‘serious leisure’ refers to the cultural practices of amateur gamers,
hobbyists, and the like as they invest so much time, money, and effort into their respec-
tive amateur careers that the conceptual line between leisure and work begins to blur”
(Puddephatt, 2008, p. 156). However, with increasing skill level, the expenditure of time
increases further. In chess (Campitelli & Gobet, 2008), as well as in other sports (Baker
et al., 2003; Baker, Coté, & Deakin, 2005), experts train more than do non-experts and a
steady increase of weekly training hours (at least to a certain plateau) could be observed
in the training histories of experts over time. It seems plausible that more training hours
would be accompanied by more thinking about the domain of interest and subsequent
limitations in other areas such as social activities. Space has to be created to fit in the
increasing amount of training hours (plus the time and effort needed to reach training
facilities multiple times a week, for example) in the daily schedules of aspiring chess
players. To make room for their training time, chess players (Puddephat, 2008) and ex-
perts from other domains (e.g., Goodsell & Harris, 2011) reported, for example, that they
rose earlier in the morning to get additional practice.

From a certain level of expertise, the commitment to a domain can lead to conflicts with
the environment (e.g., Goff, Fick, & Oppliger, 1997). While these conflicts may often
start with having less time for other activities, other potential problems may be an in-
creased financial demand to get to competitions or even talking about the domain at
every possible opportunity. It seems clear from these considerations that chess, and most
domains in which an expert level is desired, makes high demands on the time expendi-
ture of a person.

In general, research shows that the attrition rate in any competitive domain is high and
most individuals are not able to maintain the high levels of time-consuming activities
over a sufficiently long period of time in order to attain expert levels of performance
(Ericsson, Charness, Feltovich, & Hoffman, 2006). There is ample, but unfortunately
scattered, evidence in the literature that various environmental resources such as men-
tors, understanding spouses and parents may facilitate the continuance of time invest-
ment (e.g., Green & Chalip, 1997; Goff et al., 1997; Goodsell & Harris, 2011). Neverthe-
less, a theory-based approach would offer a better and more complete understanding of
the environmental resources that would be needed. Such an approach was recently intro-
duced by Ziegler and Baker (2013) based on the Actiotope model (Ziegler, 2005; Zieg-
ler, Vialle, & Wimmer, 2013).3 Ziegler and Baker (2013) lay claim that their Educational
Capital approach describes exhaustively the exogenous resources necessary for the ac-
quisition of expertise. The underlying assumption of this contribution is that exogenous
resources facilitate the integration of a domain in someone’s actiotope.

3 Ziegler, Vialle, and Wimmer (2013) offered a straightforward definition of an actiotope: “An actiotope
includes an individual and the material, social and informational environment with which that individual
actively interacts” (p. 3).
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The Educational Capital approach of Ziegler and Baker (2013)

Initially excellence has been regarded as a function of internal factors such as genius,
intelligence, talents, and so on (Ziegler & Phillipson, 2012). However, it is now widely
accepted that the development of extraordinary achievements requires successful learn-
ing that, in turn, requires an optimal learning environment (Ziegler, Grigorenko, & Hard-
er, 2014). Various attributes of such an optimal learning environment have been identi-
fied, including personal mentors (Grassinger, Porath, & Ziegler, 2011), social promoters
(Gruber, Jansen, Marienhagen, & Altenmueller, 2010), learning support (Stoeger, Stein-
bach, Obergriesser, & Matthes, 2014). Recently, Ziegler and Baker (2013) proposed to
conceptualize these attributes of optimal learning environments as resources. By defini-
tion, resources are the means to an end (in this case, learning in a domain) that can, but
are not necessarily used. The authors proposed five forms of resources, which they
termed ‘educational capital’. As there are no systematic studies on the pivotal role of the
different forms of educational capital for the development of expertise in chess, we have
to rely on anecdotal evidence. However, as chess has received a lot of attention in the
public, media and also in science, there are ample data available. We will limit ourselves
to an investigation of the two presently leading chess players in the world ranking: Mag-
nus Carlsen (personal highest Elo rating of 2889.2 from April 1% 2014) and Fabiano
Caruana (personal highest Elo rating of 2851.3 from October 8" 2014). Ziegler and
Baker (2013) postulate that the development of very high levels of expertise requires a
high amount of all five types of resources and this is what should be found in biograph-
ical analyses of top chess players.

Economic educational capital is defined as all types of “wealth, possession, money or
valuables that can be invested in the initiation and maintenance of educational and learn-
ing processes” (Ziegler & Baker, 2003, p. 27). While the important role of economic
resources is largely neglected in most concepts of talent development, some categorize it
as a chance factor (see Gagné, 2009; Gulbin, Oldenziel, Weissensteiner, & Gagné,
2010). However, economic resources are resources that are purposeful and systematical-
ly invested in skill development, thus rendering it odd to conceptualize them as a random
factor (Kirk, Carlson, O’Connor, Burke, Davies, & Glover, 1997). Without large invest-
ments, particularly in chess, world-class performances are out of reach. For example,
Lou Caruana, the father of Fabiano Caruana, stated in a New York Times interview that
the family had made huge financial investments in the career of their son. The yearly
costs at age 10 amounted to a total of around 50,000 U.S. Dollars for chess lessons,
coaching, and so on (Hernandez, 2003). There are also reports on the huge investments
of Norwegian native Magnus Carlsen’s parents who sold their second car or rented out
their house until they finally found a sponsor (Microsoft) (Berntsen, 2004). Nevertheless,
training partners, coaches, chess seconds, and so on, continue to pose high financial
challenges throughout the chess player’s career.

Chess is a board game, which is especially suited to study the influence of the second
postulated exogenous resource (see also Stoeger & Gruber, 2014), ‘cultural educational
capital’. It “[...] includes value system, thinking patterns, models and the like, which can
facilitate — or hinder — the attainment of learning and educational goals” (Ziegler &
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Baker, 2003, p. 27). Currently chess is dominated by players who are from countries
from the former Soviet Union. The high value placed on chess in this country goes back
to the attempts of the Bolsheviks to raise the intelligence of the rural people (Lenin:
“Chess is the gymnasium of the mind”). The game of chess was systematically promoted
(Soltis, 2000) to the effect that nowadays more than half of the top 100 players in the
world come from this region. In situations where players from Western countries were
able to compete with these players, they usually grew up in an environment in which
chess was highly valued. Extension of their social circles invariably included member-
ships in chess clubs and personal chess mentors who also valued chess. This connects to
the next proposed resource of ‘social educational capital’.

Social educational capital is a learning resource that is defined as “[...] all persons and
social institutions that can directly or indirectly contribute to the success of learning and
educational processes” (Ziegler & Baker, 2013, p. 28). Interestingly, both Carlsen and
Caruana from an early age had extremely strong personal chess mentors. Carlsen was
coached from the age of 10 by the country’s top player, Grandmaster Simen Agdestein.
Later the FIDE master, Torbjern Ringdahl-Hansen, joined the coaching team (Agdestein,
2004). Caruana’s first chess coach was National Master Bruce Pandolfini who trained
him from age 6 to 8. Following Pandolfini, Grandmaster Miron Sher trained Caruana
until age 12. Subsequently, the Caruana family relocated from Brooklyn to Madrid to
allow Caruana to pursue a professional chess career. Later coaches, until Caruana was
18, were International Master Boris Zlotnik and Grandmaster Alexander Chernin.

It is clear that coaching by these masters gave the two currently top ranking chess players
access to superb ‘didactic educational capital’ which is defined as “[...] the assembled
know-how involved in the design and improvement of educational and learning process-
es” (Ziegler & Baker, 2013, p. 29). However, chess is also well known for two more
potent didactic sources. According to Ericsson, a key feature of effective deliberate prac-
tice is immediate feedback (Ericsson, 2007; Ericsson et al., 1993). Chess players receive
feedback also by replaying games of master players. The usual practice is to analyze the
position on the board, determine the strongest move and compare it with the master
move. Another possibility is to analyze positions and compare one’s own evaluations
with the evaluations made by a chess program. Indeed, computers currently play one
standard deviation stronger than the world chess champion.

The fifth learning resource postulated by Ziegler and Baker (2003) is ‘infrastructural
educational capital’, which “[...] relates to materially implemented possibilities for ac-
tion that permit learning possibilities for action and education to take place” (p. 28).
From what is known, both top players, Carlsen and Caruana, had a perfect infrastructure
for developing their chess skills. In the case of Carlsen it is known, for example, that he
had access to chess very early. He also had access to books (his first book was “Find the
Plan” by Bent Larsen and his first book on openings was “The Complete Dragon” by
Eduard Gufeld). Carlsen played chess for hours, predominantly with his chess computer
but he also had access to chess tournaments. He played his first serious chess tournament
at the age of eight. Caruana had access to an after-school chess program at the age of
five. In the very same year, he attended his first chess tournament at the Susan Polgar
Chess Center in New York (Chessbase, 2007). He played at many clubs within the New
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York City area including the world famous Marshall Chess Club in Manhattan. Like
Carlsen, from an early age, Caruana made extensive use of chess books, chess journals,
chess software and the Internet (Atarov, 2012). For example, he used to train via the
Internet with GM Gregory Kaidanov (Chessbase, 2007).

Taken together, the anecdotal evidence on Caruana and Carlsen suggests that they had
ample access to all forms of educational learning capital during the process of skill ac-
quisition. Moreover, what is striking is not only the quantity of resources, but also their
quality. Both grew up in a learning environment that was perfect for the development of
chess skills.

It is a reasonable assumption that the possession of educational capital in chess also
facilitates and promotes the integration of chess in the everyday life of a person. For
example, the availability of an infrastructure to engage in chess-related (infrastructural
educational capital) activities in various ways, people (social educational capital) who
value chess offer constant opportunities to get into contact with chess. Due to the cultural
capital, the integration of chess in daily life might not only be fostered, but even be rein-
forced. Didactic education in the environment might, for example, help to overcome
motivational problems and phases of burn-out. Economic educational capital, as in the
cases of Carlsen and Caruana, could be used for maintaining a lifestyle that is totally
focused on chess.

Current study

The study at hand initially assessed how much social and everyday activities were influ-
enced in any way by chess. We denoted the degree to which activities are influenced by a
certain domain (in our study chess) as their Domain Influence Level of Activities
(DILA). Based on the Actiotope model (Ziegler, 2005; Ziegler et al., 2013) we consider
an activity influenced by a domain when it fulfills any of three criteria: 1) performing
actions already in the action repertoire of an individual in order to attain domain-related
goals (e.g., going to bed earlier because the next day an important chess tournament is
scheduled); 2) Modification of actions already in the action repertoire with regard to a
domain (integration, e.g., talking at breakfast about chess instead of politics or eating
healthier food in order to get higher levels of fitness); and, 3) Extension of an individu-
al’s action repertoire by a domain-related activity (e.g., learn to play blindfold chess).

For the main analysis, we hypothesized the model shown in Figure 1. We assumed an
effect of educational capital on the DILA of the two activity areas. When one’s environ-
ment system is beneficial for chess, for example, it offers more opportunities to talk
about chess with one’s friends, relatives and/or partner, which should lead to more influ-
ence on thoughts and activities. The effect of educational capital on the activities was
expected to be partially mediated by the sheer amount of hours played weekly. A benefi-
cial environment should give the opportunity to play and train longer, which in turn is
supposed to influence activities because that time cannot be used for something else. The
recent skill level in chess — assessed via the Elo rating number (Elo, 1986), an interna-
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Elo

Figure 1:

Hypothesized Model. Elo = Elo-Rating; Hours = playing time hours; EC = Educational
Capital; CEC = Cultural Educational capital; IEC = Infrastructural Educational Capital; SEC
= Social Educational Capital; EEC = Economic Educational Capital; DEC = Didactic
Educational Capital; DILA = Domain Influence Level of Activities; A 1-4 = activities items

tionally used, objective chess skill measure which predicts tournament success very well
(Hambrick et al., 2014) — was included as a control variable in the model because a posi-
tive relationship with all other variables was expected. The better and more successful
individuals are in chess, the more hours they are expected to train (Campitelli & Gobet,
2008), the more educational capital they should have at their disposal and the more their
thoughts and activities should be influenced by chess. We analyzed the models for the
DILA of the social activities and the DILA of the everyday activities separately. Our
main focus in both models was on the following three hypotheses:

Hypothesis 1: There is a direct, positive effect of Educational Capital on the DILA of the
two activity areas.

Hypothesis 2: There is a direct, positive effect of the amount of hours played weekly on
the DILA of the two activity areas.

Hypothesis 3: There is a positive, indirect effect of Educational Capital on the DILA of
the two activity areas via the amount of hours played weekly. This implies the assump-
tion of a positive effect of Educational Capital on the amount of hours played weekly.

Method

Sample

The participants in our study were 219 tournament chess players who reported their
recent Elo rating. The Elo rating is a valid quantitative indicator of organized chess play-
ers’ relative expertise (Elo, 1986; Hambrick et al., 2014) and the official rating system of
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the World Chess Federation (FIDE). We excluded participants who seemed to have
language problems (e.g., phrases which made no sense written in the space for estimated
hours) or reported unrealistic estimates (such as practicing 150 hours per week). Because
the answers of these participants were not trustworthy the only option was to exclude
their data, which led to a sample of 207 players. The data of two more individuals were
removed because they were too influential on the functions being optimized during the
initial analyses (Cook & Weisberg, 1982). These two were the players with the highest
Elo ratings and had by far the most playing time hours (5.34 SDs above the mean, using
the data of the two participants increased our effects. We took the more conservative
route by excluding them). Thus, the final sample consisted of 205 players. The six miss-
ing values were handled using the default four-step-procedure in MPlus for the robust
weighted least squares estimator (WLSMV) we applied. The average Elo rating of the
final sample was 2011.66 (SD=232.0), which corresponds to the 97" percentile of all
organized chess players (U.S. Chess Federation, 2004). The range was from an Elo rank-
ing of 861 (45™ percentile) to one of 2557 (99.9"™ percentile).

Procedure and measures

The participants completed an online survey, which took about 12 minutes. After an-
swering some demographics and reporting their Elo ratings, participants were asked to
estimate the hours they spend weekly playing chess (in the following addressed as “play-
ing time hours”) and how many of these hours were serious practice with the aim of
improvement. We used the more extensive playing time hours which included the seri-
ous practice hours for our analysis. Subsequently they were asked to mark the extent to
which certain activities are influenced by chess and they answered a short version of the
Questionnaire of Educational and Learning Capital (QELC; Vladut, Liu, Leana-
Tascilar, Vialle, & Ziegler, 2013) adapted to the domain of chess.

Domain Influence Level of Activities (DILA). The task in the items was to report “how
often the execution of this activity is influenced during everyday life in any way by
chess”. The DILA of social activities (sample item: “enjoy something in the communi-
ty”’) was assessed by four items and another four items were used to measure the DILA
of everyday activities (sample item: “daily food intake”). All items were 5-point rating
scales ranging from “l=rarely or never” to “5=daily” and can be found in Table 1.

Educational Capital. A short version of the Questionnaire of Educational and Learning
Capital (QELC; Vladut et al., 2013) adapted to the domain of chess was used to assess
educational capital. In a pre-study it was discovered that the full version of the question-
naire would substantially reduce the willingness of potential participants to complete the
whole survey, and so each form of capital was assessed by one item for economic (“If
the further improvement of my chess abilities would necessitate financial resources, I
would summon them up [e.g. buying chess software or literature]”), cultural (“I live in a
social environment that appreciates chess”), social (“My social environment supports my
passion for chess with personal commitment [e.g. motivational support, rides to training
facilities, training partners]”), didactic (“I am receiving individual, high quality support
[either] through training at a chess club, with a chess partner or otherwise”), and infra-
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structural (“T have good access to a multitude of high quality learning possibilities [e.g.
libraries, chess club, internet]”) educational capital. All items utilized 5-point rating
scales ranging from “fully does not apply” to “fully applies”.

Statistical analysis

We calculated structural equation models using MPlus Version 6.0.04 (Muthén &
Muthén, 1998-2010) to model the effect of Educational Capital and playing time hours
on the DILA. We included the current Elo rating to control for its assumed relationships
with the other variables in the model (Figure 1). The DILAs of the two fields of activities
were modeled as latent variables with their four indicators each. Educational capital was
also modeled as a latent variable with its five indicators previously described. We evalu-
ated two separate models for social activities (Model 1) and everyday activities (Model
2) respectively. The Delta method was used to assess the standard errors and the signifi-
cance of the indirect effects. Because the measurement level of the indicators of our
latent variables was ordered categorical we used the robust weighted least squares esti-
mator (WLSMV) in Mplus for our models (Flora & Curran, 2004; Muthén &
Muthén,1998-2010). The two models are shown in figure 2 and figure 3.

Results

Descriptive statistics can be found in Table 1. It is interesting to note that social activities
were more influenced by chess than were daily activities. However, as we cannot make
any claim regarding the representativeness of the items, we should be cautious to draw
any inferences from this result. Another interesting aspect is that although the average
player of our sample ranked at the 97" percentile of all organized chess players, the
reported mean availability of resources was, with the exception of infrastructural educa-
tional capital, surprisingly low. The fact that most players in our sample reported a high
degree of infrastructural capital led to a reduced variance in this item.

Reliabilities and measurement models

Regarding the Elo rating, an average validity concerning tournament success of .91 was
found (Hambrick et al., 2014) which means its reliability cannot be less than .91. The
reliability of self-reported cumulative life-time practice is typically assumed to be around
.80 (Ericsson, 2013; Hambrick et al., 2014). The self-reported recent playing time hours
in our study therefore should at least reach this value. The reliabilities of the two activi-
ties scales were good (DILA social activities: a = .85, N = 204; DILA everyday activi-
ties: a = .92, N = 203) as were the fit indices of the measurement models of the corre-
sponding latent constructs (see Table 3) (Hu & Bentler, 1999). The suboptimal fit statis-
tics and the loadings of the Educational Capital measurement model indicated some
problems with the model. Most of the correlations among the five educational capitals
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Table 1:
Descriptive statistics.
M SD Min Max
Elo-Rating (Elo) 2011.66  232.00 861 2557
Playing time hours (Hours) 8.07 7.41 0 40
DILA of social activities (DILA-S)
Meeting friends (SA 1) 2.82 1.16 1 5
Talking about important things (SA 2) 2.52 1.33 1 5
Having a chat/ Small talk (SA 3) 3.10 1.34 1 5
Enjoying sth. in community (SA 4) 2.47 1.18 1 5
DILA of everyday activities (DILA-E)
Daily food intake (EA 1) 2.07 1.49 1 5
g})etting dressed/ Changing clothes (EA 169 134 | 5
Daily personal hygiene (EA 3) 1.68 1.34 1 5
Going to the toilet (EA 4) 1.85 1.47 1 5
Educational Capital (EC)
Cultural EC (CEC) 3.60 1.10 1 5
Infrastructural EC (IEC) 4.53 .70 1 5
Social EC (SEC) 3.15 1.32 1 5
Economic EC (EEC) 3.87 1.23 1 5
Didactic EC (DEC) 2.49 1.26 1 5
Table 2:
First order correlations of the variables
Elo hours DILA-S DILA-E CEC [IEC SEC EEC DEC
Elo -
hours 11 -
DILA-S 09 27%* -
DILA-E -.07  .14%* S2x* -
CEC 13 .08 21%% 12 -
IEC 02 12 14%* .08 23%* -
SEC .08  20%x Q3% 9% S3xEk - Dow*
EEC .00 22%*  ]5% .14 12 25%% - D9%* -
DEC -04  19%x  20%* 21%* 5% 15% 0 23%x 3% -

Note. *p < .05; **p < .01; Elo = Elo-Rating; hours = playing time hours; DILA-S mean = mean DILA of
the four social activities; DILA-E mean = mean of the four everyday activities; CEC = Cultural
educational capital; IEC = Infrastructural educational capital; SEC = Social educational capital; EEC =
Economic educational capital; DEC = Didactic educational capital
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Table 3:
Goodness of fit indices for the models
x df P CFI TLI RMSEA WRMR
MModel DILA-S 20.87 2 <.001 985 .954 - .693
MModel DILA-E 541 2 .067 1.000 999 - 260
MModel EC 21.39 5 <.001 932 .863 - .699
Model 1 95.83 40 <.001 .965 952 .083 .833
Model 2 71.72 40 .002 .996 995 .062 715

Note.df = degrees of freedom; CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = the
root mean square error of approximation; WRMR = weighted root mean square residual.

(Table 2) were low compared to previous studies. However, this result is not unexpected
(see discussion).

The modification indices of the Educational Capital measurement model indicated the
need to allow for residual correlations between the social educational capital and the
cultural educational capital. We calculated the two hypothesized structural equation
models with the suggested additional correlation and found the effect of educational
capital on the DILA of the two activities to be even stronger. We decided to report the
more conservative models regarding this main hypothesis without the post-hoc modifica-
tions.

Structural equation models

The goodness of fit indices of the two structural equation models are shown in Table 3.
Most of the model 1 indices fulfilled the established criteria for a good model fit and all
of the model 2 indices, except the y?-value, surpass these criteria (Hu & Bentler, 1999).

Figures 2 and 3 present the standardized solutions of the two models. Because MPlus
does not calculate standard errors and p-values for the standardized solutions of models
with latent variables, which include manifest control variables when using the WLSMV
estimator, the following p-values are the corresponding values of the unstandardized
solution.

Concerning hypotheses 1 and 2 in both models, the best predictor of the influence level
of the activities was the educational capital (Model 1: f=.37, p <.001; Model 2: § = .33,
p = .001). In Model 1 the path from playing time hours to the influence level on the
social activities was significant as well (f = .16, p < .05) whereas in Model 2 it was not
(B =.05, p =.536). So hypothesis 2 was only confirmed in Model 1.

With regard to hypothesis 3, the path from educational capital to the playing time hours
was significant in both models (Model 1: = .32, p <.001; Model 2: = .32, p <.001).
However, the assumed indirect effect was only found in Model 1 and was of low magni-
tude (.05, p <.05).
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Elo

|cec| [iEc| [sEc| [eEc| |pEC|

Figure 2:

Model 1: Social activities. *p <.05; **p <.01; Elo = Elo-Rating; Hours = playing time hours;
EC = Educational Capital; CEC = Cultural Educational Capital; IEC = Infrastructural
Educational Capital; SEC = Social Educational Capital; EEC = Economic Educational

Capital; DEC = Didactic Educational Capital; DILA-S = Domain impact level of social
activities; SA 1-4 = DILA of social activities items, see Table 1

Elo

|cec| |iEc| [sec| [eec| [pEc]

Figure 3:

Model 2: Everyday activities. *p <.05; **p <.01; Elo = Elo-Rating; Hours = playing time
hours; EC = Educational Capital; CEC = Cultural Educational Capital; IEC = Infrastructural
Educational Capital; SEC = Social Educational Capital; EEC = Economic Educational
Capital; DEC = Didactic Educational Capital; DILA-E = Domain impact level of everyday
activities; EA 1-4 = DILA of everyday activities items, see Table 1
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Discussion

Future experts have a long way to go until they reach their full skill level. Research
shows that this process usually takes at least 10 years, which include on average around
10,000 hours of deliberate practice but does not include all other activities related to their
domain of expertise (e.g., Baker, Cote, & Abernethy, 2003; Ericsson, Krampe, & Tesch-
Romer, 1993; Gobet & Campitelli, 2007; Hayes, 1981). This enormous investment of
time necessitates large adaptions of the actiotopes of the experts. Chess has to be inte-
grated in their personal life with consequences for other activities that subsequently have
to be reduced (Puddephatt, 2008; Stebbins, 1992). The basic assumption of this contribu-
tion is that exogenous resources facilitate the integration of a domain in someone’s ac-
tiotope. In particular, we postulated that the possession of educational capital could pre-
dict the integration of domain-related activities in experts’ actiotopes (Ziegler & Baker,
2013).

Participants in our study were a sample of extremely strong chess players. Their strength
was on average at the 97" percentile of organized chess players. However, most of the
correlations between the educational capitals and other variables, in particular those with
the Elo rating, were low when compared to previous studies (e.g., Vladut et al., 2013;
Ziegler, Strasser, Pfeiffer, & Wormald, 2014). There are three possible methodological
reasons for this result. First, in this online survey we used single item indicators for the
five capitals, whereas in the three studies reported by Vladut et al. (2013) and in the
study by Ziegler et al. (2014), more comprehensive scales had been used. Another plau-
sible explanation is the restricted variance of our sample whose playing strength was on
average at the 97" percentile. Finally, it could well be that our items were interpreted by
the participants from an individual reference frame, and thus assessed whether the re-
sources were sufficiently available to attain their current aspirations in chess. Thus, in
further studies one would have to assure that all participants would use a comparable
reference frame when assessing their possession of resources.

In order to determine the facilitating effect of the possession of resources on the DILA,
we tested three hypotheses. Confirming our first hypothesis, we found that the more
relevant exogenous resources (educational capital) chess players had with regard to
chess, the more that social and everyday activities were influenced by the domain of
chess (DILA). In the area of social activities, we also found a direct effect of playing
time hours on the DILA and a small indirect effect of educational capital on the DILA
via playing time hours. In the model predicting the DILA of everyday activities, these
effects were not found. Thus, our hypotheses 2 (direct effects of playing time hours on
DILA) and 3 (indirect effects via playing time hours) were only confirmed in the model
predicting the DILA of social activities. In both models we found the expected positive
effect of a beneficial environment system on the amount of hours played weekly. Thus,
as expected, a domain-specific beneficial environment system seems to facilitate the
“infection” of one’s activities with one’s domain of passion. Such beneficial and support-
ing environment systems create opportunities to more easily engage in activities related
to the domain in question. For example, if one’s closest friends are chess enthusiasts, it is
more likely they will talk about chess in situations outside of the chess club. Future re-
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search could test the assumption that being able to integrate passions in an individual’s
private and everyday life should lead to positive long-term benefits for skill develop-
ment.

Limitations

One of the limitations of the study is that the choice of our measurement reflected a
trade-off between recruiting an expert sample big enough to test our hypotheses and
compromising with the measurement instruments. Thus, we decided to use shorter in-
struments with tacit acceptance of lower reliabilities. For example, the different educa-
tional capitals were assessed with single items instead of a scale for each capital as in
previous studies. Another known problem is the reliability of self-reported estimates for
training hours. Consequently, the relationships with this manifest variable, in particular,
should be interpreted with caution because they are likely underestimated.
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