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In this study, we examined the probability of coaches’ survival in the top Brazilian
professional football championship considering variation across the competitive seasons
between 2012 and 2017, considering a multilevel framework. We also considered whether
previous coaching experience in the top Brazilian professional football championship
would change the probability of coaches’ survival across the season. The data considered
4,560 games from the top professional Brazilian football league (Campeonato Brasileiro
Série A) between the 2012 and 2017 seasons. At the start of each season, the coach
from each team was followed, being recorded at the time the event occurred, i.e., the
coach being sacked. A total survival of 120 coaches was considered between the seasons
of 2012 and 2017, i.e., 20 coaches at the beginning of each season. Coaches were
assigned as novice (no previous experience as head coach in the top Brazilian championship)
or experienced (with at least some previous experience as head coach in the top Brazilian
championship). Data were available and extracted from the official website of the Brazilian
Football Confederation’. On average and considering un-pooled observations, the median
life of a coach was about 16.5 rounds. Considering variation between 2012 and 2017
seasons, only about 26.3% (95% Cl: 18.2-36.1) of the coaches ended a season without
being sacked. By mid-season, at round 19, the probability of coaches’ survival was 0.42
(95% CI: 0.32-0.53). Variation between season on survival estimates per round was
substantial (between-season standard deviation = 0.48, 95% credible intervals: 0.25-0.95;
corresponding to an inverse logit = 0.62, 95% CI: 0.56-0.72). There was no substantial
variation between novice and experienced coaches’ survival probability. The present
results expose the vulnerability of the coaching context in Brazilian football, potentially
highlighting an excessive emphasis on short-term results to mediate club
management decisions.
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INTRODUCTION

Sports coaching is a relatively new professional field in comparison
to other professions, such as medicine, law, or teaching (Mallett
and Lara-Bercial, 2016). Particularly in football, in the past
few decades, the vocation of sports coaching has continued
to develop toward professionalization across the world.

High performance football coaches play a central role in the
coach-athlete-performance relationship (Lyle, 2002; Mallett and
Lara-Bercial, 2016). Coaches often face challenges and constraints
that influence their daily practice and the competitive outcome.
These challenges often include increased number of international
competitions, the increased importance of the stakes relative to
the club investment in the football team, discrepancy between
available resources and competitive expectations (Mallett and
Lara-Bercial, 2016). Nevertheless, high performance football
coaches are evaluated for wins or losses, potentially leading to
a high coach turnover (Duffy et al, 2011; Mallett and Lara-
Bercial, 2016). Hence, the development of the high-performance
football coach professional activity is developed within a dynamic,
complex, and demanding context.

Observations in European top football leagues have shown a
consistent trend of high coach turnover rate (Barros et al., 2009;
Lago-Penas, 2011; Paola and Scoppa, 2012; Bell et al., 2013; van
Ours and van Tuijl, 2016), despite the negative impacts of coaches’
changes (Balduck et al., 2010; Lago-Penas, 2011; Paola and Scoppa,
2012; van Ours and van Tuijl, 2016). It appears that coaches not
meeting expectations in the first games or when results are worse
than the results from the predecessor coach, have a higher likelihood
of being sacked (Mallett and Lara-Bercial, 2016; van Ours and
van Tuijl, 2016). Also, coaches turnover is noted to have a negative
impact for the development of players and team performance
after coaches’ turnover (Barros et al., 2009; Mallett and Rynne,
2015; Mallett and Lara-Bercial, 2016). On the other hand, coaches’
turnover also has potential negative impacts on the financial safety
of sports clubs (Bell et al., 2013; Mallett and Lara-Bercial, 2016).
For example, it has been reported that coaches dismissal in
Australian football had a net cost of about $11 million in payouts
within a 5-year period (Mallett and Lara-Bercial, 2016).

Brazil is the country with the most wins in the FIFA World
Cup (Hoffmann et al, 2002) and is consistently among the
highest ranking countries by the Fédération Internationale de
Football Association (Hoffmann et al., 2002; FIFA.com, 2019).
Football is a highly relevant socioeconomic activity in Brazil,
and the activity of football coaching, in particular, is recognized
specifically as a profession by law (Brazil, 1993). However, in
the Brazilian context, there are limited available data addressing
the conflict of interest between the high performance football
coach’s survival, the team’s long-term preparation, and the need
for short-term club results, influenced by industry specificities
such as media and sports fans pressure.

To the best of our knowledge, research questions and designs
dealing with occurrence and timing of critical events in sports
and exercise research are scarce. Event history analysis (also
known as survival analysis) is used to study the timing of
events where the response variable is the length of time
between becoming exposed to the risk of an event and

event occurrence (Steele, 2011). Changes in coaches’ job status
is an example of observations of each coachs time of survival
to the risk of being sacked. These data can be viewed as a
type of two-level hierarchical structure with episodes of being
at risk of an event nested within individuals, and individuals
may themselves be nested by competitive season. When considering
events such as a coach being sacked, coaches’ survival probabilities
may vary substantially by competitive seasons due to potential
influences on their daily practice and the competitive outcome.
Multilevel modeling framework provides a flexible approach for
the analysis of hierarchical (and nonhierarchical) structures, in
particular in the case of clustered event history data (Goldstein,
2011). Therefore, in the present study, we examined the probability
of coaches’ survival in the top Brazilian professional football
championship considering variation across the competitive seasons
between 2012 and 2017, considering a multilevel framework.
We also considered whether variation between head coaching
experience in the top Brazilian professional football championship
would influence the survival probability across the seasons.

MATERIALS AND METHODS
Data

The data in the present study are based on observations of
4,560 games from the top professional Brazilian football league
(Campeonato Brasileiro Série A) between the 2012 and 2017
seasons. Hence, the period of observation comprised six seasons.
The Serie A Brazilian football league is composed by 20 teams.
Each plays 38 matches per season (i.e., 38 rounds), and at the
end of the competition, the four teams with the lowest score
are relegated and replaced by the four best teams of the second
division. Considering variation between seasons in the teams
entering the league, we considered 38 rounds of the season as
the time unit of observation. At the start of each season, the
coach from each team was followed, being recorded at the time
event occurred, i.e., the coach being sacked. A total survival of
120 coaches was considered between the seasons of 2012 and 2017.

Data were extracted from the 4,560 match reports for the
seasons between 2012 and 2017, available on the official website
of the Brazilian Football Confederation (see text footnote 1).
Considering the available information, we assigned coaches by
experience as novice, i.e., with no previous experience as head
coach in the top Brazilian championship, or experienced, i.e.,
with at least a previous experience as head coach in the top
Brazilian championship. From the 120 coaches observed, 17
were assigned as novice, and the remaining 103 were assigned
as experienced.

Data Analysis

Given that the unit of time comprises the 38 rounds in each
season, we assumed the possibility for right censoring. Right
censoring occurs in survival analysis when some individuals never
experience the target event during the period of observation (Singer
and Willett, 2003). In the present study, the follow-up of the
coaches that did not experience the event at the end of the season
was not considered in the present analysis, whether the coaches
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remained in the same team competing in the Serie A, remained
in the same team if the team was relegated to the lower division,
or changed to another team after the end of the season.

The survival function gives the probability that a randomly
selected coach survives longer than some specified time period
(in the present study, each league round). Hence, the survivor
function is generally given by the number of individuals who
have not experienced the event by the end of each time period
divided by the number of individuals in the data set (Singer
and Willett, 2003). Initially, the survival function was estimated
for each coach without accounting for coach turnover variation
by season using an un-pooled logistic regression. Hence, each
round across the Brazilian top professional football league
between 2012 and 2017, without accounting for variation
between seasons, had its own intercept with a simple aggregated
binomial model, described following a Bayesian notation:

surv; ~ Binomial(ng;, py) [likelihood]

[unique log-odds for each round /]
[weakly regularizing prior]

logit(o) = a
a ~ Normal(0,1)

Considering the hierarchical data, where each coach observation
occurs within a higher order entity (between season), we then
described the survival probability across the 38 rounds within
the seasons using Bayesian multilevel modeling to estimate a
partial pooling model. The multilevel model was produced as follows:

Surv; ~ Binomial(ny, py) [likelihood]

[unique log-odds for each round i by
season|

[varying intercepts prior]

[prior for average season]

[prior for standard deviation of season]

logit(op) = aseasong

a season~ Normal(a, o)
a ~ Normal(0,1)
o ~ Cauchy(0,1)

Survival probabilities were extracted from both binomial
models using the inverse logit function (Gelman and Hill, 2007;
McElreath, 2015).

In the final step of the analysis, we examined the influence
of previous experience as head coach on the top Brazilian
professional championship. We considered the main effects for
the proportion of novice coaches by experienced coaches at
each round per season as population-level effect, plus the
interaction with each round. We allowed for the proportion
between novice and experienced coaches at each round to
vary randomly by season at level 2.

We used weakly informative prior distributions for population-
level, normal priors (0,1), and for group-level, Cauchy priors
(0,1), effects. Posterior predictive checks were used to confirm
that we did not omit relevant interactions (Gelman et al., 2013).
Comparisons between un-pooled (single-level model) and partial
pooled (multilevel model) models were made with the widely
applicable information criteria (WAIC) (McElreath, 2015; Vehtari
et al., 2016). For each model, we ran two chains for 4,000
iterations with a warm-up length of 1,000 iterations. The models

were implemented with Markov Chain Monte Carlo (MCMC)
simulation, via Hamiltonian Monte Carlo using Stan (Stan
Development Team, 2015), obtained using “brms” package
(Btirkner, 2017), available as a package in the R statistical language.

RESULTS

From the 120 coaches in the competitive top Brazilian football
league between 2012 and 2017, 87 coaches were sacked during
a season. On average and considering un-pooled observations,
the median life of a coach was about 16.5 rounds.

Models’ codes and respective summaries, trace plots to ascertain
chains’ convergence, and posterior predictive checks are presented
as Supplementary Material. WAIC was substantially lower for
the partial pooled model (WAIC = 847.99, standard error = 9.76)
in contrast to un-pooled model (WAIC = 990.66, standard
error = 21.60). Partial pooled model performed substantially
better fitting the data when compared to un-pooled model.

Results from the partial pooled models, i.e., a multilevel logistic
model to estimate the football coaches’ survival across the 38
rounds in the Brazilian top professional league, are presented
in Table 1 and Figure 1. Considering variation between 2012
and 2017 seasons, only about 26.3% (95% CI: 18.2-36.1%) of
the coaches ended a season without being sacked. By mid-season,
at round 19, the probability of coaches’ survival was 0.42 (95%
CI: 0.32-0.53). Variation between season on survival estimates
per round was substantial (between-season  standard
deviation = 0.48, 95% credible intervals: 0.25-0.95; corresponding
to an inverse logit = 0.62, 95% CI: 0.56-0.72). Posterior estimates
considering the influence of previous experience as head coach
on the top Brazilian professional championship are presented as
Supplementary Material (model m3). Conditional on the data,
the observation of posterior draws posterior estimates for each
coeflicient of the interaction between each round and the proportion
of novice. Experienced coaches showed that novice coaches had
a similar survival probability to coaches with previous experience
as head coach in the Brazilian top professional championship.
As expected, there was substantial uncertainty in the proportion
of experienced coaches across the 2012-2016 seasons. Codes,
model summaries, and posterior predictive checks are available
as Supplementary Material.

DISCUSSION

To the best of our knowledge, this is the first study to consider
data surrounding turnover of top South-American, in particular
Brazilian, professional football coaches across several seasons.
Hence, the probability of coaches’ survival in the top Brazilian
professional football championship, considering variation across
the competitive seasons between 2012 and 2017, was considered
adopting a Bayesian multilevel framework. The survival
probability of coaches in the top Brazilian professional football
championship at the end of the seasons was about 26%. Hence,
only about 7 coaches from 20 coaches at the beginning of
each season were not dismissed during the season, indicating
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TABLE 1 | Results from the Bayesian multilevel binomial model allowing for

between-season variation at level 2.

Estimate (95% credible

Survival probability (95% credible

Round interval) interval), inverse logit estimate
1 3.62 (2.71-4.69) 0.97 (0.94-0.99)
2 2.64 (1.95-3.38) 0.93 (0.88-0.97)
3 1.93 (1.39-2.51) 0.87 (0.80-0.92)
4 1.61(1.11-2.14) 0.83 (0.75-0.89)
5 1.25(0.78-1.75) 0.78 (0.69-0.85)
6 0.95 (0.48-1.42) 0.72 (0.62-0.81)
7 0.68 (0.23-1.13) 0.66 (0.56-0.76)
8 0.64 (0.20-1.10) 0.65 (0.55-0.75)
9 0.57 (0.13-1.02) 0.64 (0.53-0.53)
10 0.50 (0.06-0.94) 0.62 (0.51-0.72)
11 0.35 (-0.08 to 0.79) 0.59 (0.48-0.69)
12 0.22 (-0.20 to 0.64) 0.55 (0.45-0.65)
13 0.15 (-0.30 to 0.60) 0.54 (0.43-0.65)
14 0.15 (-0.29 to 0.58) 0.54 (0.43-0.64)
15 0.08 (-0.34 to 0.51) 0.52 (0.42-0.62)
16 -0.05 (-0.47 t0 0.36) 0.49 (0.38-0.59)
17 -0.12 (-0.55 to 0.31) 0.47 (0.37-0.58)
19 -0.32 (-0.75t0 0.11) 0.42 (0.32-0.53)
20 -0.36 (-0.79 to 0.06) 0.41 (0.31-0.51)
21 -0.39 (-0.82t0 0.03) 0.40 (0.31-0.51)
22 -0.39 (-0.82 to 0.05) 0.40 (0.31-0.51)
23 -0.43 (-0.88t0 0.01) 0.39 (0.20-0.50)
24 -0.49 (-0.93 to —0.04) 0.38 (0.28-0.49)
25 -0.60 (-1.04 to —-0.16) 0.35 (0.26-0.46)
26 -0.71 (-1.15t0 -0.27) 0.33 (0.24-0.43)
27 -0.79(-1.24 to -0.36) 0.31 (0.22-0.41)
28 -0.83 (-1.28 to -0.38) 0.30 (0.22-0.41)
29 -0.86 (-1.33t0 —-0.42) 0.30 (0.21-0.40)
30 -0.87 (-1.33t0 -0.42) 0.30 (0.21-0.40)
31 -0.86 (-1.33t0 —-0.42) 0.30 (0.21-0.40)
32 -0.87 (-1.32 to -0.42) 0.30 (0.21-0.40)
33 -0.86 (-1.32 to —-0.41) 0.30 (0.21-0.40)
34 -0.90 (-1.36 to —0.46) 0.29 (0.20-0.39)
35 -0.95 (-1.41 to —-0.50) 0.28 (0.20-0.38)
36 -0.94 (-1.40 to -0.49) 0.28 (0.20-0.38)
37 —0.98 (-1.45 to —-0.54) 0.27 (0.19-0.37)
38 -1.03 (-1.50to -0.57) 0.26 (0.18-0.36)

a high coaching turnover among the top Brazilian professional
football championship. We also considered here the possibility
that novice coaches (i.e., with no previous experience as a
head coach in the Brazilian top professional championship)
might differ from coaches with previous experience as head
coach in the Brazilian top professional championship. Conditional
on the data, the survival rates were consistent between coaches
according to previous experience as a head coach experience
in the Brazilian top professional championship.

Considering the coaches at the start of the season, the coach
turnover in the Brazilian professional football championship
between 2012 and 2017 was higher at the beginning of the
seasons, and in particular, it was apparent that by the first quarter
of the competitive season, about 40% of the coaches were already
dismissed. The present results contrast with observations in
European professional football leagues such as the Jupiler League
in Belgium (Balduck et al.,, 2010), the Premier League in England
(Bachan et al., 2008), the Bundesliga in Germany (Barros et al.,
2009), the Serie A in Italy (Paola and Scoppa, 2012), the Eredivise
in the Netherlands (van Ours and van Tuijl, 2016), or the La

Liga in Spain (Lago-Pefias, 2011). These observations highlight
the vulnerability of the professional football coach in the Brazilian
top professional championship.

It has been shown in the first three divisions of the main
football leagues in Belgium that after a coaching change, teams
tended to have positive results in the first games with a new
coach (Balduck et al, 2010). On the other hand, observations
based on 14 season data in the Netherlands showed that coaches
were retained even when results were less positive in the earlier
games but showed an improvement in performance in the
subsequent games (van Ours and van Tuijl, 2016). Furthermore,
clubs that maintain the coaches during the whole season tend
to present better results and tend to be ranked higher at the
end of the season (Balduck et al., 2010; Lago-Pefias, 2011; Paola
and Scoppa, 2012; van Ours and van Tuijl, 2016). On the other
hand, there has been consistent observation in different contexts
showing that coaching changes have either no effect on team
performance, or a slight negative impact. Particularly in football
data, a null effect of coaching changes on team performance has
been demonstrated in the Italian league (Paola and Scoppa, 2012)
and the Dutch Premier League (Koning, 2003). Moreover, there
are available observations that coaching changes resulted in worse
team performance in English professional football (Audas et al,
1997). Similar null or negative trends between coaching changes
and null or negative team performance have been noted in NBA
teams (Giambatista, 2004), NFL (Rowe et al., 2005) and college
basketball (Fizel and D’Itri, 1999). Hence, Brazilian club boards
appear to overvalue the short-term impact of a coaching change,
likely disregarding and/or compromising the potential for coaches
to fully undertake their task. However, the coaches’ professional
context is complex and dynamic, hence other factors other than
winning may contribute to maintain or dismiss the coach in the
top Brazilian teams. Often, the power of the individuals involved
in the club management, ownership and coach tenure, as well
as expectations and the coach’s reputation, all together contributes
to alter the likelihood of dismissal (Wangrow et al.,, 2018). For
example, considering other professional sports, observations in
the NBA showed that first-year coaches had an important rate
of dismissal, about 16% of the coaches (Wangrow et al., 2018).

Particularly in the present results, coaches were more likely
to be dismissed during the first seven games, where about 35%
of the coaches had been dismissed, on average, across the seasons.
These results contrast with the observation in European leagues,
where coaches’ turnover tends to occur later in the season (Bachan
et al,, 2008; van Ours and van Tuijl, 2016). Overall, the present
results showed a high probability (74%) of coaches being dismissed
across the 38-round season, accounting for season variation in
the top professional Brazilian football championship. Again, the
present results markedly contrast with observations in European
top football leagues. For example, in the Netherlands, it has
been observed that after 34 games, 15-20% of coaches’ changes
were caused by dismissal, while 10% of coaches apparently left
the club voluntarily (van Ours and van Tuijl, 2016).

The comparison between the un-pooled binary model, based
on aggregated binomial model without accounting for variation
between season, and the partial pooled model based on multilevel
binomial model highlighted the importance of clustering effects
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FIGURE 1 | Sample survival function for round at coach dismissal among 120 coaches between 2012 and 2017.
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on the data. The need to consider the influence of group- or
macro-level variables has been noted in other areas (Diez-Roux,
2000; Goldstein, 2011; McElreath, 2015), particularly in longitudinal
observations such as event history analysis (Singer and Willett,
2003). Although there are studies considering multilevel approaches,
particularly modeling coaches’ turnover (Barros et al., 2009), its
use in sports and exercise research is still limited. The present
study adds by illustrating the application of a simple binomial
modeling to describe the probability of coaches’ survival across
the season, allowing for variation between higher units of
observation, in the present case the multiple seasons observed.
We also illustrated the possibility to consider covariates to explore
between the coaches’ variation in each round and across the
period of observation. Furthermore, we used Bayesian methods
to fit the models as an alternative to the limitations of frequentist
methods (Gelman and Shalizi, 2013), as well as other approaches
used in sports and exercise science (Welsh and Knight, 2015;
Sainani, 2018). In particular, Bayesian methods consider parameters
as random variables combining both sample data and prior
distribution information to estimate posterior information (Gelman
et al, 2013; McElreath, 2015). Bayesian estimations allow a
probabilistic interpretation of how different parameters are used
to simulate predictions and assess the quality and fit of the
model (McElreath and Koster, 2014). Although we were not
able to retain reliable information about coaches’ characteristics
that would allow a deeper understanding of the overall coaching
turnover in the top Brazilian Football Championship within and
between seasons, we illustrate an analytical framework to describe
an applied example of time-event data in exercise and sport sciences.

In the Supplementary Material, we provide additional
information about how we modeled the data, specifically the
codes and assessment of the quality and fit of the derived models.

In the present study, we considered the available data of
the Brazilian Football Confederation, which did not enable us
to explore reasons for coaches’ job termination during the
period of observation (e.g., dismissal, voluntary exit, transfer
to another team, retirement, among others). Also, we only
considered coaches who started the season, which likely
underestimates the overall coaching turnover in the top Brazilian
Football Championship within and between seasons.

In summary, there was a substantial turnover of coaches
in the Brazilian Football Championship between 2012 and
2017, with a large amount of variation between seasons. The
present results expose the vulnerability of the coaching context
in Brazilian football, apparently independent of the coaches’
previous experience as head coach in the Brazilian Football
Championship, potentially highlighting an excessive emphasis
on short-term results to mediate club management decisions.
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