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Introduction

The analysis of crises in professional soc-
cer is of great importance due to their
short- and long-term impacts on team
performance. A crisis can be defined
as a significant and often sudden dis-
ruption or downturn that threatens the
stability, functioning, or success of an
individual, group, organization, or sys-
tem (Williams, Gruber, Sutcliffe, Shep-
herd, & Zhao, 2017). In professional soc-
cer, such phases not only lead to sport-
ing and financial losses (Druker & Dau-
mann, 2018; Plumley, Wilson, & Shibli,
2017) but are also frequently accompa-
nied by the dismissal of coaches (Sousa,
Musa, Clemente, Sarmento, & Gouveia,
2023). These dismissals are highly vis-
ible and costly interventions: they of-
ten involve multimillion-euro severance
payments, destabilize contractual and or-
ganizational planning, and may further
disrupt team cohesion and performance
(Lyle, 2024; Sousa et al., 2023). Be-
yond the financial burden, midseason
changes frequently generate instability
within clubs, affect long-term planning,
and can even affect team performance
(Sousa, Clemente, Gouveia, Field, & Sar-
mento, 2024a; Sousa, Sarmento, Gou-
veia, & Clemente, 2025). Developing sys-
tematic and objective approachestoiden-
tify crises at an early stage is therefore es-
sential, as it may allow clubs to implement
timely countermeasures and reduce re-
liance on reactive strategies such as man-
agerial dismissals. This manuscript fol-
lows American English conventions; ac-
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cordingly, we use the term “soccer;” which
is synonymous with “football” (associa-
tion football) in the European context.
The development of crises is a dy-
namic process often initiated by unmet
expectations (Massarella, Sallu, Ensor, &
Marchant, 2018). These unmet expecta-
tions can lead to psychological and emo-
tional disturbances within a team, signif-
icantly impacting both players and man-
agement (Bar-Eli & Tenenbaum, 1989;
Coutinho et al., 2017; Coutinho et al,,
2018). Understanding how expectations
influence the emergence of crises is essen-
tial, asithighlights the importance of rec-
ognizing early warning signs and the un-
derlying emotional states that may con-
tribute toacrisis. By addressing these un-
met expectations and their effects, teams
can implement more effective strategies
to manage and mitigate the progression
of a crisis (Choi, Sung, & Kim, 2010).
Theoretical perspectives, such as ap-
praisal theories of emotion (Lazarus,
1991, pp. 89-124; Scherer, 2009) and
control-process models of self-regulation
(Carver & Scheier, 1990), underline that
expectations function as benchmarks
for evaluating performance outcomes
(Berger, Fisek, Norman, & Wagner,
2018).  These foundational insights
explain why unmet expectations can
trigger negative affective and motiva-
tional states in sport (Jekauc, Fritsch, &
Latinjak, 2021). In competitive sports,
high expectations—especially when un-
met—have been identified as significant
contributors to competition anxiety
(Wiggins & Brustad, 1996), choking un-

der pressure (Hill & Shaw, 2013), spirals
of negative emotions (Jekauc etal., 2021),
disruption of the psychological momen-
tum (Taylor & Demick, 1994), and team
collapse (Wergin, Mallett, Mesagno, Zi-
manyi, & Beckmann, 2019; Wergin,
Zimanyi, Mesagno, & Beckmann, 2018).
These phenomena have been shown to
negatively impact performance in indi-
vidual matches or tournaments. In the
context of soccer, Jekauc, Vrancic, and
Fritsch (2024b) demonstrated through
astudyinvolving nine professional soccer
players that unmet expectations trigger
complex psychological processes, lead-
ing to negative psychological states such
as rumination, reduced self-confidence,
increased anxiety, and overmotivation
among players.

Psychological momentum is another
critical factor in understanding crises in
soccer, as it encapsulates the dynamic
interplay between performance, percep-
tion, and motivation (Morgulev & Avu-
gos, 2023). According to Iso-Ahola and
Mobily (1980), psychological momen-
tum is defined as an added psychologi-
cal power resulting from a sequence of
successes (or failures) that impacts an in-
dividual’s or team’s confidence and per-
formance capabilities (Coulon, Barki, &
Paré, 2019). In soccer, psychological mo-
mentum can manifest during the season
as a team builds upon successive posi-
tive events, such as winning matches or
making successful plays (Briki & Zoudji,
2019), leading to an enhanced collective
belief in their ability to succeed (Jones &
Harwood, 2008).
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Despite these theoretical insights,
research has so far lacked clear and
quantifiable indicators to operationalize
performance crises in football. One
promising approach is to use external
and objective data sources, such as bet-
ting odds or market valuations, to assess
performance against expectations (Wun-
derlich & Memmert, 2018). Building on
this idea, the present study introduces
and validates three indices—Relative
Position (RP), Linear Rate of Change
(LRC), and Exponential Rate of Change
(ERC)—which are conceptually devel-
oped in the following section. The
subsequent empirical analyses apply
these indices to the 2023-2024 Bun-
desliga season to examine their validity
and practical utility in identifying and
diagnosing performance crises.

Indicators of crises in soccer

Understanding and identifying crises in
soccer requires a tailored approach that
considers the unique psychological and
scoring systems of the sport. Each sport
has its own dynamics and competitive
structure, which are reflected in how
performances are scored and evaluated.
When developing a system of crisis indi-
cators for soccer, it is crucial to account
for the specific characteristics of the sport,
such as the number of tournament com-
petitions in a season, the scoring system
in each competition, and the structure
of league. For the sake of clarity, we
will limit ourselves in this paper to the
national league in soccer, as this com-
petition is generally the most important.
Analogous to the description of the
movement of a body in physics, where
position, velocity, and acceleration are
central parameters (Newton, 1728), a cri-
sisin soccer can be described by three de-
cisive indicators: relative position in the
table, linear rate of change, and exponen-
tial rate of change. All three indicators
can be defined in terms of expectations of
ranking and success and help to provide
a comprehensive assessment of a team’s
short- and long-term performance.
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Relative positionin the table

The relative position in the table is a pri-
mary indicator of a team’s performance
within its competitive context. It is cal-
culated based on the total points accu-
mulated from match outcomes—three
points for a win, one point for a draw,
and no points for a loss. This indi-
cator offers a straightforward view of
where a team stands in relation to its
competitors. However, the significance
of the relative position must be con-
sidered in light of preseason expecta-
tions. A team expected to compete for
the championship but finding itself mid-
table or lower would be considered un-
derperforming, whereas the same po-
sition might be satisfactory for a team
expected to struggle against relegation.
Therefore, the relative position must al-
ways be interpreted relative to the team’s
goals and expectations. The relative po-
sition of a team in the table compared
to expectations corresponds to the posi-
tion of an object. This relative position
is quantified by the difference between
the expected table position and the actual
table position, normalized by the num-
ber of teams in the league, and can be
described by the following formula:

Ei:—A;
RP;, = =220 4100 1)
N-1
where
RP;; is the relative position of team i on
matchday t.

Ei: is the expected table position of
team i on matchday .

A;; istheactual table position of team i
on matchday t.

N is the number of teams in the
league.

t is the matchday number.

The relative position coefficient (RP;)
represents the difference between ex-
pected and actual position of the team i
on matchday ¢ in the table relative to the
size of the league. This coeflicient varies
between 100, if the team with the lowest
expected position in the table is at the
top of the table, and -100, if the team
with the highest expected position in the
table is at the bottom. A coefficient of
0 indicates that the team is performing in

line with its expectations. This index also
considers the size of the league, meaning
a deviation in table position must always
be viewed relative to the league’s size.
For example, a drop of three places in
the table in a league with 20 teams is less
significant than in a league with only
12 teams.

Due to the fact that the deviation be-
tween the expected and actual position
in the table is divided by the maximum
possible improvement or deterioration
in the table (N - 1), this coefficient can
be interpreted as the percentage devia-
tion relative to the league size. By nor-
malizing the difference between expected
and actual positions and expressing it as
a percentage, the relative position pro-
vides a clear and comparable metric for
performance evaluation across different
leagues.

This coefficient can be calculated for
each matchday and provides a snapshot
of the team’s relative position in the table.
The relative position in the table, there-
fore, acts as a fundamental metric for
assessing team performance duringa sea-
son.

Linear rate of change

Similar to the velocity of an object, which
indicates the rate of change of position
over time, the linear rate of change de-
scribes the variation in a team’s perfor-
mance over the course of a season. This
rate of change can be measured by the dif-
ference between the points expected per
game and the points actually achieved.
A consistently negative rate of change in-
dicatesthat theteamisnotonly underper-
forming compared to expectations but
that this trend is continuing over multiple
matchdays. The linear rate of change can
be calculated using the summed points
difference with the following formula:

T
LRCj; =) (SPiy — EPy) )

t=1

where

LRC;; is the linear rate of change as
the summed points difference for
team i on matchday ¢.

SP;; are the points actually achieved
by team i on matchday ¢.



EP;; are the points expected for team i
on matchday t.
t is the matchday ranging from 1 to

the current matchday T.

This equation represents the cumu-
lative difference between actual and ex-
pected points up to the current match
day and can be interpreted as the sum of
the deviations between the points scored
and expected points up to match day t.
For example, if a team has -10 points,
this means that it has scored an average
of 10 points less up to matchday t than
it was expected to.

The metric for expected points (EPi,t)
represents the predicted number of points
for team i in match ¢. This expecta-
tion should be based on various factors
such ashistorical performance, opponent
strength, home advantage, and is often
reflected inbookmakers’ predictions. For
each possible match outcome (win, draw,
loss), a probability P is estimated. The
sum of the probabilities for the three pos-
sible outcomes must equal 100%, thus:

Pyin + Pdmw + Ploss =1 (3)

where

Pyin is the probability that team i will
win match t.

Piraw is the probability that team i will
draw match t.

Pioss  is the probability that team i will
lose match ¢.

For instance, if the estimated proba-
bilities for a match are 60% for a win,
20% for a draw, and 20% for a loss, the
expected points for the team can be calcu-
lated as follows: multiply the probability
of winning (0.6) by the points awarded
for a win (3), the probability of drawing
(0.2) by the points awarded for a draw (1),
and the probability of losing (0.2) by the
points awarded for a loss (0). Adding
these values together gives the expected
points:

EP;;=3-06+1-02+0-0.2

4
=1.8+0.2=2.0 ®)
Thus, the expected points for the team
in this match would be 2.0. EP; ;indicates
how many points a team should earn on

average based on the estimated proba-
bilities for the three match outcomes. In
general, the LRC index indicates the ex-
tent to which the team performs above
or below expectations over the course of
the season.

Exponential rate of change as
psychological momentum

In sports psychology, psychological mo-
mentum refers to the perception and ex-
perience of sustained success or failure,
which influences the performance and
confidence of an athlete or team. A team
that wins multiple games in a row can
build strong positive momentum, lead-
ingto further success. Conversely, a team
that repeatedly loses can experience neg-
ative momentum, resulting in further
performance decline and potential cri-
sis (Den Hartigh, Gernigon, Van Yperen,
Marin, & Van Geert, 2014).

To quantitatively capture psychologi-
cal momentum, the exponential rate of
change (ERC) is used. This rate gives
greater weight to recent games than to
those played earlier in the season, thus,
reflecting the current dynamics of the
team. In this study, the decline in weights
is modeled using the reciprocal of the
golden ratio (1/¢ ~ 0.618), a mathemati-
cal constant with remarkable properties
that make it particularly suitable for rep-
resenting processes of decay and self-ref-
erence. The formula for the exponential
rate of change is:

T
ERCiy=) = ‘Piwit) x (SPi,~EPi,)

t=1

®)

where
ERC;,; is the exponential rate of change
for team i on matchday ¢.

SP;; are the actual points achieved by
team i on matchday ¢.

EP;; are the expected points for team i
on matchday ¢.

t is the matchday ranging from 1
to the current matchday T.

¢ is the golden ratio, defined as

15 5 1.618.

The choice of ¢ as a basis for the decay
functionis grounded in its unique mathe-
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Abstract

Performance crises in professional soccer
impact team cohesion, confidence, decision-
making, and stakeholder satisfaction.

This study develops and validates three
quantitative indices—Relative Position

(RP), Linear Rate of Change (LRC), and
Exponential Rate of Change (ERC)—to assess
team performance relative to expectations
and detect crises. Using data from the
2023-2024 Bundesliga season, the indices
were applied to analyze underperformance
patterns and their connection to managerial
changes, offering insights into the
psychological dynamics of team crises.

The RP index measures deviations from
preseason expectations, LRC captures
cumulative performance trends, and ERC
reflects recent momentum, identifying
acute downturns that may trigger crises.
Results show that the indices effectively
diagnose chronic and acute performance
issues, with sharp ERC declines often
preceding coaching dismissals, signaling key
psychological tipping points in decision-
making. Case studies of FC Augsburg and
VfL Wolfsburg illustrate the indices’ practical
application, highlighting contrasting
patterns of early versus late managerial
interventions. Teams experiencing coaching
changes exhibited significant negative
trends in all three indices, reinforcing their
reliability in identifying crises. By integrating
psychological momentum, expectation
management, and performance analysis,
the indices offer a systematic framework

for monitoring team performance and
informing timely interventions.

Keywords
Crisis - Soccer - Football - Expectation, team
sport - Performance indices
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matical characteristics. The golden ratio
is defined by the self-referential equa-
tion ¢ =1+ 1/¢, which means that its re-
ciprocal is not an arbitrary number but
is intrinsically linked to ¢ itself. This
recursive property ensures that the de-
cay process is structurally consistent and
scale-invariant. Each step back in time
is weighted at exactly 61.8% of the more
recent one, creating a simple and elegant
geometric progression that balances in-
terpretability with precision. The half-
life of this progression is approximately
1.44 matches, indicating that the influ-
ence of a given game declines by half after
only one to two subsequent matchdays.
Moreover, the infinite series of weights
convergesto ¢* ~ 2.618, which guarantees
a bounded memory span and ensures
that distant matches continue to exert
a diminishing but mathematically sta-
ble influence. The golden ratio also plays
a central role in recursive sequences such
as the Fibonacci numbers (Dunlap, 1997)
and is considered the “most irrational”
number, meaning that it resists approxi-
mationbyrational fractions (Choi, Atena,
& Tekalign, 2023; Dunlap, 1997). This
property lends further stability to its use
as a decay parameter because it prevents
the decline pattern from collapsing into
overly simple or oscillatory forms.

By adopting 1/¢ as the decay factor,
the ERC captures the recency of per-
formance in a way that is mathemati-
cally elegant, psychologically plausible,
and dynamically stable. The most re-
cent results dominate the momentum in-
dex, but earlier performances continue
to exert some influence, fading in a self-
similar and structurally consistent man-
ner. Consequently, ERC is highly sensi-
tive to current performance trends and
provides an incisive measure of psycho-
logical momentum. A high positive ERC
value indicates that the team has posi-
tive momentum, suggesting a sequence of
performances that exceed expectations.
Conversely, a high negative ERC value
indicates that the team has negative mo-
mentum and may be on the path toa crisis
oralreadyinone. An ERCvalue near zero
means that the team has been perform-
ing in line with expectations in recent
games and exhibits neither positive nor
negative momentum.
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Integration of the indicators

The three proposed indicators—RP, LRC,
and ERC—form a cohesive framework
for analyzing team performance in pro-
fessional soccer. These metrics offer dis-
tinct but complementary insights, en-
abling a nuanced understanding of both
the gradual and acute dynamics of per-
formance crises. The RP index serves as
a macroscopic measure of performance
by quantifying the deviation of a team’s
actual league standing from preseason
expectations. The LRC focuses on cumu-
lative performance trends by comparing
actual points accrued to expected points
over successive matchdays. This metric
is particularly useful for detecting sub-
tle, incremental shifts in performance.
The ERC emphasizes recent performance
by assigning greater weight to outcomes
in the most recent matches. By captur-
ing abrupt changes in momentum, ERC
provides an early warning for potential
tipping points. When integrated, these
indicators create a multidimensional as-
sessment framework that captures both
the cumulative and immediate aspects of
performance dynamics.

Methods

Study design and context

This study examined all mid-season
coach dismissals in the 2023-2024 Bun-
desliga as markers of performance crises.
The Bundesliga, as one of the top-tier soc-
cer leagues globally, operates in a highly
competitive environment with immense
expectations on teams (Pieper, Niiesch,
& Franck, 2012). Given the significant
financial investments and high stakes
involved, the performance of a team is
under constant scrutiny from manage-
ment, fans, and the media (Sousa et al.,
2023). Coach suspensions or dismissals
are frequent responses to prolonged
underperformance, often following de-
viations from expected league position,
accumulated points, and recent match
outcomes (Allen & Chadwick, 2012;
Lago-Pefias, 2011; Sousa et al., 2024a;
Sousa, Sarmento, Gouveia, & Clemente,
2024b). For our purposes, mid-season
coach dismissals were used as observable

crisis markers, allowing validation of the
proposed indices in a highly competitive
setting.

Data collection

To validate the three crisis indices—RP,
LRC,and ERC—weanalyzed allinstances
of coach suspensions in the 1. Bundesliga
during the 2023-2024 season. Only cases
where a coach was suspended during
the current season (matchdays 1 to 34)
were included, focusing on mid-season
changes indicative of performance crises.

Expected table position

The Expected Table Position was deter-
mined by combining squad market val-
uation and final league standings from
the 2022-2023 season. Market values as
of 15 August 2023, the last day of the
first transfer period, were obtained from
Transfermarkt (transfermarkt.de) and re-
flect the team’s economic potential. Con-
currently, final league standings from the
2022-2023 season were sourced from of-
ficial records such as Kicker (www.kicker.
de). The expected position was calculated
as the average of the market value rank
and the previous season’s league rank,
providingabalanced performance expec-
tation based on economic and historical
indicators.

Expected points

The EP for each match were derived
from prematch betting odds obtained
from Oddsportal (www.oddsportal.
com). First, betting odds for win, draw,
and loss outcomes were converted into
implied probabilities using the formula 1/
odds. Since bookmakers include a mar-
gin, probabilities initially summed to
more than 100%. To correct this, prob-
abilities were normalized by dividing
each by their total sum. Finally, EP was
calculated by multiplying the adjusted
probabilities with their corresponding
points (win=3, draw=1, loss=0) and
summing the results. This approach
provided a statistically robust estimate
of a team’s expected points per match.
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Table 1
Team

FC Augsburg

FC Bayern Munich

VfL Bochum

SV Werder Bremen

SV Darmstadt 98
Borussia Dortmund
Eintracht Frankfurt
Borussia Monchengladbach
1. FC Heidenheim 1846
TSG 1899 Hoffenheim
1. FCKoIn

Bayer 04 Leverkusen

1. FSV Mainz 05

RB Leipzig

SC Freiburg

1. FC Union Berlin

VfB Stuttgart

VfL Wolfsburg

RP

18.34(12.79) [38.24 to -8.82]
——6.42 (2.23) [0.00 to -11.80]
2.94(7.96) [23.53 to -17.65]
11.42 (13.60) [38.24 to —26.47]
6.75(11.41) [41.18-0.00]
-16.78 (6.50) [-11.76 to —41.18]
-4.15(6.23) [0.00 to -23.53]
-21.28(9.47) [-2.94 to —-44.12]
34.43 (11.69) [52.94-5.88]
24.57 (9.13) [38.24 to -2.94]
-20.24 (5.64) [-5.88 t0 —29.41]
19.38 (4.53) [20.59 to —2.94]
-31.83(6.96) [-11.76 to —41.18]
~7.27 (8.36) [2.94 to —44.12]
—5.19(6.44) [11.76 to —17.65]
-36.68 (22.48) [35.29 to -64.71]
58.48 (6.94) [70.59-23.53]
-19.90 (16.45) [17.65 to -41.18]

Descriptive statistics (mean (SD), [Min—Max]) for RP, LRC, and ERC

LRC

-0.70(1.55) [3.33 to —2.84]
1.61(1.84) [5.06 to -1.97]
-1.73(1.91) [2.40 to -5.92]
0.76 (2.43) [5.20 to -2.78]
-5.07 (3.31) [0.73 t0 -9.84]
2.35(2.01) [5.85 to -1.66]
2.16 (2.04) [5.76 to -2.17]
-2.49 (1.68) [0.25 t0 -6.32]
25.89(3.02) [11.16-0.99]
1.77 (2.38) [6.12 to -2.47]

-7.59 (2.53) [-0.67 to —10.94]

11.37 (5.58) [20.68-1.58]

-9.48 (3.99) [-1.10t0 -14.37]

-0.25(2.14) [3.20 to -3.36]
1.25(1.39) [4.40 to -1.57]
-5.92(3.49) [2.69 to —11.45]
7.99 (3.50) [14.44-0.34]
-3.11 (4.01) [3.43 t0 -9.50]

ERC

0.07 (1.39) [3.44 to -2.31]
-0.30(1.23) [1.55 t0o -3.52]
-0.22(1.30) [2.48 to -2.54]
0.31(1.60) [3.90 to —2.46]
-0.74(1.00) [2.67 to —2.40]
0.29(1.32) [3.45 to -2.16]
0.11(1.30) [3.26 to -1.88]
-0.50(0.94) [1.62 to -1.99]
0.53(1.30) [3.34 to -1.68]
0.03 (1.57) [3.72 to -2.70]
-0.76 (1.08) [1.24 t0o -2.92]
1.48 (0.74) [2.53 to -0.49]
-0.79 (1.41) [2.10 to -2.93]
-0.07 (1.37) [2.03 to -3.11]
-0.03 (1.31) [2.57 t0o -2.10]
-0.77 (1.61) [2.78 to -3.33]
1.06 (1.37) [3.54 to -2.50]
-0.57 (1.35) [2.40 to -2.60]

| RP Relative Position, LRC Linear Rate of Change, ERC Exponential Rate of Change, M Mean, SD Standard Deviation, Min Minimum, Max Maximum

Table 2 Coach dismissal events and corresponding index values

Team Matchday of dismissal RP (%) LRC ERC

FC Augsburg 7 -8.82 -2.57 -2.00
VfL Bochum 28 0.00 -4.28 -2.59
1. FCKoIn 16 -23.53 -8.15 -1.53
FSV Mainz 05 9 -41.18 -7.33 -1.32
FSV Mainz 05 21 -35.29 -14.02 -2.06
1. FC Union Berlin 11 -64.71 -8.30 -2.58
1. FC Union Berlin 32 -47.06 -10.13 -2.51
VfL Wolfsburg 26 -41.18 -8.98 -2.64

| RP Relative Position, LRC Linear Rate of Change, ERC Exponential Rate of Change

Data analysis

The analysis evaluated how the crisis
indices captured team performance dy-
namics during the 2023-2024 Bundesliga
season and aligned with observable crisis
events, such as coaching dismissals. RP,
LRC, and ERC values were calculated for
all 18 Bundesliga teams on a per-match-
day basis using the formulas outlined in
the section “Indicators of crisis in soc-
cer” These calculations, performed in
Microsoft Excel (Microsoft, Redmond,
WA, USA), ensured consistency in pro-
cessing match outcomes and preseason
expectations.

The computed indices were summa-
rized with descriptive statistics, including
mean, standard deviation, and range, for

each team across the season (B Table 1).
To explore the relationship between in-
dex patterns and managerial decisions,
we analyzed the eight documented coach
dismissals, focusing on RP, LRC, and
ERC values immediately preceding these
events (@ Table 2). To provide detailed
insights, time-series visualizations were
created for two selected case studies: FC
Augsburg and VL Wolfsburg. These
teams demonstrated contrasting crisis
trajectories, with FC Augsburg encoun-
tering early-season challenges and VL
Wolfsburg facingalate-season downturn.
The visualizations traced the evolution
of RP, LRC, and ERC over the season
(B Figs. 1and 2).

Results

Descriptive overview of all indices
The analysis of the crisis indices—RP,
LRC,and ERC—for the Bundesliga 2023
2024 season, as presented in @Table 1,
highlights substantial heterogeneity in
team performance, emphasizing vari-
ations in both relative standings and
performance trajectories. The RP metric
yielded an overall mean of 0.36 with
a standard deviation (SD) of 25.90,
suggesting that while teams generally
aligned with their expected standings,
there was notable dispersion. Teams
such as VIB Stuttgart (mean RP =58.48)
and 1. FC Heidenheim 1846 (mean RP =
34.43) markedly outperformed their pro-
jected positions, whereas 1. FC Union
Berlin (-36.68) and 1. FSV Mainz 05
(-31.83) exhibited pronounced under-
performance, underscoring significant
deviations from expectations.

The LRC, which encapsulates cumu-
lative performance trends over the sea-
son, recorded an aggregate mean of -0.07
(SD=5.88). This mean implies a general
equilibrium in over- and underperfor-
mance across the league. Nonetheless,
teams like Bayer 04 Leverkusen demon-
strated exceptional positive LRC values
(mean=11.37), indicating sustained pe-
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Fig. 1 A Development of the crisis indices for FC Augsburg with the time
point of the coach’s dismissal: a relative position, b linear rate of change
(LRC), c exponential rate of change (ERC)

Fig. 2 A Development of the crisis indices for Vfl Wolfsburg with the time
point of the coach’s dismissal:a relative position, b linear rate of change
(LRC), c exponential rate of change (ERC)

riods of overachievement. In contrast,
1. FSV Mainz 05 (-9.48) and 1. FC Kéln
(-7.59) experienced considerable nega-
tive LRC values, reflecting persistent and
pronounced declines in performance.
The ERC, designed to capture recent
performance dynamics and psycholog-
ical momentum, presented an overall
mean of -0.05 (SD=1.29), indicative
of a mean zero momentum across the
league and all matchdays. Teams such
as Bayer 04 Leverkusen (1.48) and V{B
Stuttgart (1.06) displayed significantly
positive ERC values, denoting robust
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recent performance. Conversely, 1. FC
Koéln (-0.76) and 1. FSV Mainz 05 (-0.79)
were characterized by marked negative
ERC values, signaling acute performance
deterioration.

Coach suspension events as
markers of crisis

The data presented in 8 Table 2 highlight
key patterns associated with the eight
documented coach dismissals. First, the
RP values were uniformly negative or
zero, underscoring that teams consis-
tently underperformed relative to pre-

season expectations or, in cases such as
V1L Bochum, performed precisely at the
expected threshold. VfL Bochum’s ex-
pected 15th-place position offered mini-
mal leeway for underperformance in the
rankings, further contextualizing their
outcome. This consistent deviation from
expected rankings signifies systemic un-
derachievement.

Second, the LRC metrics were univer-
sally negative, reflecting an accumulation
of points below expected performance
levels leading up to the dismissals. This
trend emphasizes the prolonged nature



of the underperformance, spanning mul-
tiple matchdays, as opposed to transient
or isolated downturns.

Most critically, the ERC, which cap-
tures recent performance momentum,
revealed pronounced declines. In six
of the eight cases (FC Augsburg, VIL
Bochum, 1. FSV Mainz 05 on match-
day 21, 1. FC Union Berlin on match-
days 11 and 32, and V{L Wolfsburg), ERC
values dropped below -2.0 at or immedi-
ately preceding the dismissal, signifying
sharp negative momentum. Even in the
two exceptions where ERC did not breach
the -2.0 threshold (1. FC Koln at -1.53
and 1. FSV Mainz 05 at —1.32 on match-
day9), the values remained firmly within
anegative trajectoryand subsequently fell
below the -2.0 mark a few matchdays
prior to the dismissal. This timing un-
derscores the role of acute performance
deterjoration in decision-making, as it
indicates a critical threshold that likely
influenced the dismissals. These results
suggest that while persistently negative
LRC values and subpar RP scores may
signal broader underperformance, it is
the acute downturn in ERC, reflecting
recent momentum loss, that often aligns
most closely with the timing of a coach’s
dismissal.

lllustrative case examples:
Augsburg and Wolfsburg

To demonstrate the practical utility of
the proposed indices, we examine two
cases from the 2023-2024 Bundesliga
season: FC Augsburg and VL Wolfs-
burg. These clubs exemplify contrasting
crisis trajectories, with Augsburg experi-
encingan early-season downturnand V{L
Wolfsburg facing alater collapse (@ Figs. 1
and 2).

FC Augsburg entered the season with
moderate expectations, based on a 15th-
place finish in the previous year and
a squad market value ranking 12th in
the league (~13.5 expected table posi-
tion). After seven matchdays, however,
the team had collected only five points
and suffered a critical home defeat to SV
Darmstadt 98, leading to the dismissal
of head coach Enrico Maaflen. At this
point, the indices signaled a clear crisis:
RP = -8.8% indicated underperformance
relative to expectations, LRC=-2.57 re-

flected a cumulative deficit in achieved
versus expected points, and ERC=-2.00
captured an acute downturn in recent
matches. The simultaneous drop across
all indices, particularly the sharp ERC
decline close to -2.0, marked a tipping
point for managerial intervention.

VIL Wolfsburg, by contrast, started
the season strongly. With a market value
ranking 6th and an expected table posi-
tion of 7th, the team earned 12 points
in the first six matches (LRC=+3.43),
performing above expectations. Yet after
Matchday 6, all indices began to decline.
Between Matchdays 10 and 14, the ERC
fell below -2.0 three times, indicating re-
peated lapses in short-term momentum.
By Matchday 26, following a home defeat
to FC Augsburg, the team had slipped to
14th placein the standings. Theindicesat
that point painted a severe picture: RP =
-41.2%, LRC=-8.98, and ERC=-2.64,
highlighting both chronic underperfor-
mance and acute negative momentum.
This situation culminated in the dismissal
of head coach Nico Kovac.

Taken together, the FC Augsburg
and VIL Wolfsburg cases demonstrate
how the indices capture different crisis
dynamics. FC Augsburg’s early-season
downturn reflected a rapid deterioration
that quickly crossed critical thresholds,
while Wolfsburg’s decline was more
gradual yet equally severe by the time of
intervention. In both cases, pronounced
ERC drops aligned closely with manage-
rial changes, underscoring the diagnostic
value of combining RP, LRC, and ERC
in identifying performance crises.

Discussion

This study introduced and initially val-
idated three crisis indices to quantify
and analyze performance crises in pro-
fessional soccer. Inspired by concepts
in physics, where position, velocity, and
acceleration describe the movement of
a body, these indices capture distinct
facets of team performance, collectively
providing a comprehensive framework
for assessing and diagnosing crises dur-
ing a season.

The practical application of these
indices was demonstrated through case
studies of FC Augsburg and V{L Wolfs-

burg. Augsburg dismissed its head coach
early in the season (Matchday 7) follow-
ing consistent underperformance across
all three indices, including an acute ERC
decline to -2.0, which likely served as
the critical tipping point. In contrast,
Wolfsburg delayed managerial interven-
tion until Matchday 26, despite gradual
deterioration in RP and LRC and in-
termittent ERC declines below -2.0. By
the time of the coach’s dismissal, Wolfs-
burg’s indices indicated a severe crisis,
with RP at -41.18%, LRC at -8.98, and
ERC at -2.49, highlighting sustained
and acute underperformance. Across
the league, teams experiencing coaching
changes exhibited a consistent pattern
of negative RP values, significant LRC
deficits, and sharp ERC declines prior
to dismissals.

Theoretical implications

This study enhances the theoretical
understanding of performance crises
in professional soccer by integrating
psychological, motivational, and perfor-
mance-based frameworks. The proposed
indices bridge theoretical constructs
with measurable phenomena, providing
a structured approach to understanding
crises. The RP index, quantifying devia-
tions from expected performance, aligns
with theories of unmet expectations, such
as the self-fulfilling prophecy (Rosenthal
& Jacobson, 1968), appraisal theories
of emotion (Lazarus, 1991), and self-
regulation theories (Carver & Scheier,
1990). By operationalizing abstract con-
cepts into quantifiable deviations, the
RP metric links theoretical expectations
with actual performance.

The LRC and ERC indices further cap-
ture crisis dynamics. The LRC aligns
with Hardy’s (1996) catastrophe model
and Buenemann, Raue-Behlau, Tammi-
nen, Tietjens, and Strauss (2023) model
for performance crises, as it reflects cu-
mulative performance trends and the ac-
cumulation of setbacks. The ERC, em-
phasizing recent performance and psy-
chological momentum, incorporates in-
sights from motivation theories, such as
Iso-Ahola and Mobily’s (1980) concep-
tualization of psychological momentum.
By weighting recent results more heav-
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ily, the ERC measures how short-term
successes or failures shape a team’s tra-
jectory and decisions. This study high-
lights that acute ERC declines—often be-
low -2.0—serve as critical tipping points
for managerial decisions, such as coach
dismissals. This aligns with catastro-
phe theories in sports psychology (Hardy,
1996), which suggest small changes can
lead to dramatic outcomes. Additionally,
the findings support the downward spiral
model (Jekauc et al., 2024b), where crises
are perpetuated by negative momentum
at individual and team levels.

A complementary body of evidence
indicates that executive functions and
perceptual-cognitive skills (e.g., visual
search efficiency, inhibition, cognitive
flexibility) are associated with faster de-
cisions, greater game intelligence, and
more game time in elite soccer (Al
2011; Sakamoto, Takeuchi, Thara, Ligao,
& Suzukawa, 2018; Verburgh, Scherder,
van Lange, & Oosterlaan, 2014; Vestberg,
Reinebo, Maurex, Ingvar, & Petrovic,
2017). These mechanisms offer a micro-
level account for macro-level patterns
captured by our indices: erosion in deci-
sion efficiency or cognitive control could
depress short-horizon outcomes (ERC)
and, if persistent, accumulate into neg-
ative trends (LRC) and rank shortfalls
(RP). Empirically, elite/subelite contrasts
and talent-pathway studies repeatedly
show advantages in these functions
among stronger performers, consistent
with resilience against pressure-induced
performance dips (Huijgen et al., 2015).
Recent work also profiles psychological
characteristics of elite players, reinforc-
ing that cognitive control and related
traits contribute to performance stabil-
ity (Bonetti et al., 2025). Integrating
such player-level measures with team-
level indices could clarify why some
squads weather adverse sequences with-
out tipping into crisis while others do
not.

Practical implications

The findings of this study offer substantial
practical value for stakeholders in profes-
sional soccer, including team managers,
coaches, analysts, and sports psycholo-
gists. The proposed crisis indices provide
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a data-driven framework for identify-
ing, monitoring, and addressing perfor-
mance crises, enabling timely and effec-
tiveinterventions. Forteam management
and coaching staff, the indices can serve
as diagnostic tools to assess team per-
formance against preseason expectations
and detect early warning signs of crises
(Bodik, Goldszmidt, Fox, Woodard, &
Andersen, 2010). For sports psycholo-
gists, the indices provide an empirical
foundation to understand and address
the psychological aspects of team per-
formance.

Beyond signaling the presence of
crises, the indices can also guide the
selection and timing of interventions.
Declines in RP, LRC, or ERC may point
to different intervention needs: tactical
adjustments (e.g., reforming training
loads or game concepts), methodolog-
ical innovations (e.g., adapting match
preparation routines), or psychological
strategies (e.g., fostering motivation and
confidence) (Brown-Devlin, 2018; Mem-
mert, 2015; Memmert & Furley, 2007).
However, across these domains, the cen-
tral factor for recovery is resilience—at
the level of individual players (Sarkar
& Fletcher, 2014), the team as a col-
lective (Morgan, Fletcher, & Sarkar,
2017), and the club as an organiza-
tion (Bradley & Alamo-Pastrana, 2022;
Fasey, Sarkar, Wagstaff, & Johnston,
2021). Resilience determines whether
setbacks trigger further deterioration
or are absorbed and transformed into
opportunities for adaptation and growth
(Bryan, O’Shea, & MacIntyre, 2019).
Strengthening resilience, for example,
through psychological skills training
(Precious & Lindsay, 2019), mindfulness
training (Jekauc, Miilberger, & Wey-
land, 2024a), leadership development
(Redmond, 2013), or cohesive team
cultures (Lopez-Gajardo, Garcia-Calvo,
Gonzélez-Ponce, Diaz-Garcia, & Leo,
2022), may therefore be the most ef-
fective way to mitigate crises once early
warning signals are detected. The indices
presented here can contribute by pro-
viding timely feedback on whether such
resilience-building measures are trans-
lating into measurable improvements in
performance dynamics.

In practice, the indices can be paired
with simple perceptual-cognitive moni-
toring to anticipate inflection points. For
example, periodic assessments of deci-
sion-making response time and visual
search behavior in representative tasks,
alongside tracking of cognitive effort, can
flag impending short-term dips even be-
fore ERC falls sharply (Cardoso, Afonso,
Roca, & Teoldo, 2021). When ERC be-
gins to deteriorate, staff may prioritize
interventions that target decision effi-
ciency (representative, time/space-con-
strained drills), cognitive control (inhi-
bition/flexibility tasks), and load man-
agement of cognitive effort during con-
gested periods (Cardoso et al., 2021).
This aligns with evidence that executive
functions and game intelligence relate to
playing time and availability, and sug-
gests a player-level lever to stabilize team-
level momentum (Scharfen & Memmert,
2021).

Reflection on managerial decisions
in practice

The present findings also invite reflection
on the broader realities of managerial
decisions in high-performance football.
For instance, VfL Wolfsburg did not
dismiss their coach immediately despite
declining indices (Sousa et al., 2024a),
illustrating that clubs sometimes toler-
ate prolonged underperformance before
acting (Lyle, 2024). Prior research sug-
gests that retaining a coach can, in some
cases, be more beneficial than dismissal,
as continuity may prevent additional
financial costs, organizational disrup-
tions, and performance instability (e.g.,
Heuer, Miiller, Rubner, Hagemann, &
Strauss, 2011; Rausch et al., 2025; Sousa
et al., 2024a; Stachnik & Wolak, 2025).
Moreover, the outcomes of dismissals
are not determined by the timing alone
but also by the profile and leadership
qualities of the successor (Karayel, Adi-
logullari, & Senel, 2024; Kattuman, Loch,
& Kurchian, 2019). Studies indicate that
players may respond more positively to
coaches with specific leadership quali-
ties or communication styles, which can
influence whether a crisis is successfully
resolved (e.g., Sousa et al., 2025). Thus,
while the indices introduced here can



signal crises with precision, their prac-
tical effectiveness ultimately depends on
how clubs interpret these signals and
align them with broader strategic and
managerial considerations.

Limitations and future directions

While this study provides a robust frame-
work for quantifying and analyzing per-
formance crises in professional soccer,
several limitations must be acknowl-
edged. First, the analysis is confined
to a single season (2023-2024) within
one national league (the Bundesliga).
While this provides a focused snapshot
of performance crises in a highly com-
petitive context, the findings cannot be
assumed to generalize across seasons or
leagues. Broader validation over mul-
tiple years and in other major leagues
(e.g., Premier League, La Liga, Serie A)
is needed to establish the robustness
and universality of the RP, LRC, and
ERC indices. Expanding to diverse con-
texts would also allow exploration of
structural factors (e.g., league format,
relegation pressure, cultural differences
in managerial stability) that may shape
crisis dynamics.

Second, the study relies exclusively on
league performance data, which limits
the scope of the analysis. Other compe-
titions, such as the DFB Cup and interna-
tional tournaments like the Champions
League, Europa League, and Conference
League, play a critical role in shaping
stakeholder expectations and influencing
team dynamics. Future studies should in-
corporate data from these competitions
to provide a more holistic assessment of
team performance and the fulfillment of
expectations.

Third, the analyses presented here are
retrospective in nature. While the indices
successfully captured patterns preceding
actual dismissals, no prospective valida-
tion was attempted to test whether these
indices can predict crises in real time be-
fore managerial decisions occur. Future
studies should examine predictive valid-
ity, for example, by applying the indices to
ongoing seasons or unseen data, to deter-
mine whether crisis thresholds (e.g., ERC
falling below -2.0) reliably forecast forth-
coming dismissals or downturns. Such

predictive testing would considerably en-
hance the practical utility of the indices
for clubs and analysts.

Fourth, a further limitation concerns
the lack of consideration of the coaches’
backgrounds and profiles in the present
analysis. Factors such as career stage,
tenure at the club, and prior experience
in managing crises can strongly influence
both the likelihood of dismissal and the
effectiveness of subsequent recovery ef-
forts. For example, a coach early in their
career or with limited time at a club may
have less organizational capital or au-
thority, making them more vulnerable
to dismissal during downturns. Con-
versely, experienced coaches with estab-
lished reputations may receive greater tol-
erance from management despite neg-
ative indices. Future research should
therefore integrate information on coach
profilestobetter understand howindivid-
ual characteristics interact with quanti-
tative performance indicators in shaping
crisis trajectories and managerial deci-
sions.

Lastly, this study emphasizes the im-
portance of quantitative analysis but does
not integrate qualitative aspects of crisis
development, such as psychological in-
sights from team members or organiza-
tional dynamics within clubs. Previous
qualitative work with professional play-
ers and coaches has already shown that
unmet expectations play a central role
in triggering crises (Jekauc et al., 2024b).
Building on this foundation, future stud-
ies could explicitly connect expectations
concerning table position and match out-
comes to the trajectories of RP, LRC, and
ERC. For instance, combining player and
coach interviews with the monitoring of
crisis indices could reveal how subjective
perceptions of underperformance align
with or diverge from quantitative signals.
Such mixed-methods approaches would
provide valuable explanatory depth and
complement the diagnostic power of the
indices.

Conclusion

This study introduced and validated three
crisis indices to provide a quantitative
framework for diagnosing performance
crises in professional soccer. Inspired

by physical principles describing motion,
these indices offer a systematic way to
evaluate team performance based on pre-
season expectations, cumulative trends,
and short-term momentum shifts. Ap-
plied to the 2023-2024 Bundesliga sea-
son, the indices identified both gradual
declines and sudden downturns in per-
formance. The practical utility of the
indices was demonstrated through illus-
trative case studies of FC Augsburg and
VIL Wolfsburg, which highlighted the
contrasting dynamics of early versus late
managerial interventions.
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