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Abstract

The aims of this study are in two folds; first to examine if any EPL club could maintain efficiency over the
period (2005 — 2015) and second, to identify the most efficient club(s) within the same period using Data
Envelopment Analysis (DEA). There are limited studies on this type of investigation. Contrary to [2] the result
shows that there is a high degree of inefficiency among EPL clubs and that only one club (Aston Villa) could
maintain efficiency over the research period. The results further confirm that efficiency is not an absolute
privilege of national league champions or big clubs, which motivated the study in the first place. However,

inefficiency is largely due to waste of productive resources among EPL clubs.
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1. Introduction

Football; a household event that has literarily metamorphosed into a “religion” was born in England some
decades back and has established itself as a way of life and of the feeling of the society, it moves masses, creates
joy, and generates billions worldwide [1]. This is the second study after [2] to ever use a large data panel in
recent times to analyze performance and efficiency of English clubs, but Gerrard failed to carry out trend
analysis which creates the opportunity for this research. The aims of this study are in two folds; first to examine
if any EPL club could maintain efficiency over the period (2005 — 2015) and second, to identify the most
efficient club(s) within the same period. The study uses a non-parametric time-series approach in DEA
otherwise known as DEA-window analysis and based on the output-oriented model to carry out trend analysis of
performance and efficiency among EPL clubs during the period researched. Thereby, identified not only the
most efficient EPL club(s) but also clubs that maintained performance and efficiency over the same period.
DEA is a linear programming based technique for measuring the relative performance and efficiency of
decision-making units (DMUs) where operation involves the use of multiple inputs to produce multiple outputs.
The subsequent sections of this paper are structured as follows: Next section provides the theoretical framework
and a brief overview of relevant studies relating to issues being investigated, followed by Section 4 which
elaborates on research methodology (DEA-Window Analysis) and describes the dataset. Sections 5 and 6
present the results obtained in this paper and discussion respectively, while the final section shows the

conclusion and perspectives for future studies.

2. Theoretical Framework

Efficiency theory stipulates that managers witness a negative correlation between resources (inputs) and the
resultant output as against stardom theory which lean more on positive correlation as evidenced by the
relationship between sporting success and team wages [3]. Professional team sports, of which football is the
taste of the majority, use multiple inputs to produce multiple outputs. How efficient these resources are being
utilized by clubs could be the clubs’ strength to achieving competitive advantage and therefore set the
benchmark for peers. The concepts of performance management and efficiency measurements are common
features in the field of human resource management. The concept entails a continuous process of identifying,
measuring and developing the performance of an entity, aligning performance with strategic goals and available
resources within such entity [4]. A different explanation of the concept of performance management has
appeared in many studies, signifying that there is no single universally accepted model of performance
management. [5] built on [6] ‘performance management cycle’ to establish that performance management
system should be implemented in an organization to include: objectives setting; performance measuring or
appraising; feedback of performance results; reward based on performance outcomes; and objectives or
activities amendments. What seems to be a unified bedrock and cuts across these theories is the concept of
‘goal-setting’ and “‘expectancy’ concept. These two concepts led to the choice of theoretical framework adopted
in this study looking at performance and efficiency of football clubs from the management and stakeholders’
point of view. Establishing individual goals not only form a benchmark against which performance might be
measured but also play an important role in motivating one for superior performance. This is because we keep
following our goals and whenever these goals are not achieved, we either improve on our performance or
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modify the goals to make them more realistic and attainable [7]. Performing at a high level may be a source of
satisfaction, with feelings of mastery and pride [8]. Succinctly, a performance management system involves the
gathering of data, analysis of results, identifying corrective actions, and feedback the information in appraising
system. Therefore, the metric used to quantify the efficiency and/or effectiveness of an action or process is
explained by the theory of performance measurement. Thus, measuring aggregate performance and efficiency of

football clubs has continued to impend on issues like clubs’ ranking, sports results, and resource utilization.

3. Overview of Relevant Studies

The efficiency and performance of football clubs have been researched by several authors over the past few
decades using various approaches. While analyzing the performance of professional football clubs in term of
sports results, there seems to be a consensus on indicators of play-performance; the number of points per season,
goal difference, goals scored, and trophies won in competitive tournaments etc. Among those associated sports
performance of football clubs with the number of points scored in a season were [9,10,2,11,12,13,14]. In the
classical paper of [9], he analyzed the sports performance of 20 English football clubs during 2000/01 season
and concluded that improvement of sports performance requires not only reduction of inputs player's and
coach’s salaries but also increase in outputs-point scored. The skills and experience of the management at
making performance enhancing decisions, setting achievable goals and encourage making players rather than
buying players might improve sports performance. The choice of head coach employed, his knowledge about
players’ potentials and forms, and how he can blend players to achieve results enhance efficiency. Reference
[10] with DEA approach analyzed a few points attained per season as an indicator of sports efficiency and found
that coach's wages growth affects sports performance of German clubs, they, however, failed to identify that the
rate at which football clubs hires and fires coaches contributed to the increasing growth in wages paid to
coaches. When analyzing the relationship between sports performance and wages, [12] revealed that high salary
reduces the efficiency of football clubs. While measuring the ratio of sporting performance (i.e. output) to
financial expenditure (i.e. input) Gerrard used wage cost per league point standardized across 12 English
football seasons up to 2007 to allow for changes in the general level of player wages in addition to league
restructuring. With cluster analysis, Gerrard grouped EPL clubs into five performance groups namely; Big Four
(Tier 1), and Tiers 2 to 5 based on their participation in Premier League. Gerrard submitted that winning points
in the Premier League require a constantly increasing amount of money and that most inefficient performances
were made mostly by big-spending clubs who eventually finished below expectations. The study further showed
that most efficient performances over the 12-year investigated were made mostly by newly promoted teams that
avoided an immediate relegation. Gerrard study reflects the state of English football in 2006 which may or may
not stand the test of present time unless re-examined. Though the study identified efficient and inefficient teams
but was unable to measure changes in efficiencies over the period analyzed. The study also failed to identify the

most efficient club(s), season(s), and club(s) that could maintain efficiency over the period investigated.

[13] evaluated the sports performance of clubs that participated in the Union of European Football Association
(UEFA) Champions League (UCL) between 2004/05 and 2013/14 using DEA. Their results showed that there is
a high level of inefficiency in UCL over the period analyzed resulting from a waste of sports resources and
selection of sporting tactics. They submitted that many teams had the problem in maintaining their efficiencies
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over the period studied which informs our investigation on trend analysis of English football clubs'
performances. Their study only evaluated the sporting efficiency and mentioned sporting tactics as one of the
factors influencing clubs’ efficiency. However, the current study investigates how consistent are EPL clubs in

maintaining efficiency and performance.

4. Methodology

We are interested in analyzing the trend of performances and efficiencies of English Premier League (EPL)
football clubs over a period of eleven (11) seasons up to 2015 season using non-parametric DEA methodology
to investigate whether efficiency is the absolute privilege of national league champions or big clubs, thereby,
identify the EPL club(s) that could maintain efficiency and performance over time and equally identify the most
efficient club(s) on EPL. Unlike the univariate analysis techniques which measure one ratio at a time based on
company’s financial statements, DEA derives performance efficiency index based on a mixture of quantitative
and qualitative data hence, the attractiveness of DEA in recent literature on corporate performance measurement
[15]. DEA is based on observed best practices, therefore, any change made to the input/output profile of one unit
will affect the efficiency scores of numerous other units. In this study, the initial variable includes three inputs

and three outputs as given in figure 1 below;

Wages & Salaries|
Assets Consumed

Number of Employee

Points Attained
Rate of Attraction

RESEARCH
VARIABLES

Outputs (y)

Figure 1: Author’s analysis of the research variables.
Inputs include:

e Total wages and salaries (made up of players’ salaries, salaries of coaching crew and other staff costs);

e Assets consumed (comprises of depreciation on fixed assets, players’ amortization and other
impairments) and

e The number of employee including players, trainers, management and other line staff. While outputs

are:

e Points attained per season;
e Team’sturnover per season and
e A discretionary variable Spectators’ or Games’ Rate of Attraction (ROA), introduced to enhance the

objectivity of the chosen data analysis model (DEA).

ROA,; a win percentage multiply by the population of the league base (UK) captures the totality of football

241



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2017) Volume 33, No 1, pp 238-259

viewers rather than the absolute attendance figure at games’ venues. This variable is introduced; to stress the
homogeneity assumption of DEA as football teams are often from different locations with different population
densities and different demand for football entertainment; to capture the totality of fans attracted to a match at
the stadium or viewing via media relay. The higher the clubs’ win percentage, the more attracted are the fans to
the clubs’ games. Nevertheless, ticket takings from match venue and sponsorship fee on media broadcast are
incomes reflecting on clubs’ turnovers. In this way sport, financial and social variables are combined in
estimating technical efficiency of multi-objective organizations [16], thereby, allowing a more comprehensive
performance measure. The current study chooses from available variables identified above based on a rank
comparison between "X - Y plot" incorporated in the new DEA-solver 4; a facility that measures the correlation
between variables (input and output). The correlation may either be negative or positive, whilst we reject
negative correlations all positive values were accepted. Therefore, negative correlation values are not included
in the definitive analysis as it has the tendency to overestimate efficiency scores [17]. Its’ consideration for
operational scale while calculating efficiency makes DEA model more relevant in this study than any other
techniques. However, DEA suffers some limitations which include its inability to allow for random errors in
efficiency measurements, it does not allow for statistical inference and could, therefore, overestimate efficiency
score [13]. The efficiency in the classical DEA is the ratio of the sum of the weighted outputs to the sum of

weighted inputs [13]. Using mathematical notation, efficiency score of unit ‘a’ is given as:
Max @.= ¥3_, UjYja / ¥i, ViXia
Subject to;
Max @, = ¥:_ 1 UjYja / Yi ViXia <1
Wherea={1,2...n},and Uj, Vi>0
With ‘n” units (DMUSs) in the data set and ‘a’ is a subset of ‘n’,
Uj; is the weight applied to j" output;
Yja; is the quantity of j" output produced by DMU ‘a’;
Vi; is the weight applied to i" input;
Xia; is the quantity of i"" input used by DMU ‘a’;
‘a’ is the DMU assessed, and @, is DEA score for DMUa.

This model definition contains ‘weighted variables’ (Uj, Vi) that are to be determined, where j = 1, 2......... , S
and i =1, 2....... , r. The values of these weights are determined objectively by the solution of the DEA
algorithm with the constraint that no DMU can be more than 1 or 100% efficient as depicted by the equation 2

above. The efficiency score derived for each DMU is on a scale of zero to one (0 - 1), while ‘0" represents an
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extremely inefficient unit, a score of ‘1" denotes an efficient unit. It, therefore, means that efficiency scores

range from 0 to 1 and are relatively (not absolute) compare with other DMUSs in the data set being analyzed.

4.1. DEA Window Analysis

A tabular method that allows an analysis of efficiency changes over time. With the practical application of DEA
in clubs' efficiency measures and since data is available for Football Clubs (FC) periodically, usually on yearly
basis, with ‘n' units (DMUs) and inputs/outputs levels attributable to each of the ‘t' periods, a few analyses may
be conducted giving distinct performance evaluations. Basically, there are two different approaches to which
efficiency changes over time could be explored. The first approach is to treat each decision-making unit as a
separate unit in each time ‘t” period, giving (‘n” x ‘t’) units in the analysis. The second approach being the one
adopted in this study is known as ‘window analysis’ [18]. A ‘window’ of period ‘p’ is defined and assessments
carried out for (‘n’ X ‘p’) units. If data is available yearly as in this case, over a period of eleven seasons/years,
then each unit is treated as being different in each of the ‘windows’. If a “‘window’ period of (3) seasons/years is
assumed, the first ‘window’ has the first 3 years’ data set. After the analysis is carried out, the first year is then
dropped from the set and data for the fourth year is included in the second ‘window’ (see appendix 1). The
‘window analysis’ approach explain periods where seasonal factors affect performance and so this can be held
constant whilst analyzing changes in efficiency. It equally leads to an increase in the number of pieces of data

for the units being analyzed, which enhances the discrimination in the DEA results.

4.2. DEA Window Analysis

A crossed panel data of English Premier League (EPL) clubs is obtained for eleven seasons (2005 — 2015) and
based on 100% participation across the research period (see appendix 2). A sample size of 8 clubs was chosen
per season out of a population of twenty seasonal clubs. Representing a seasonal 40% of the population. In all, a
total of 220 units featured in the EPL during the period analysed representing 36 football clubs due to the
relegation and promotion system adopted by the EPL. Therefore, a total of 88 clubs were sampled from the

population of 220 clubs based on 100% participation during the research period (see appendix 2).

4.3. DEA Input/output Orientations

Output-orientation is a term used in conjunction with DEA (BCC and CCR) models to indicate that an
inefficient unit could be made efficient by increasing the proportions of its outputs while keeping the input
proportions constant [13]. The output-orientation explains how much the output can be expanded without
altering the input. Like output oriented, the term input orientation is also used in conjunction with both CCR and
BCC models in DEA to indicate that an inefficient unit may be made efficient by reducing the proportions of its

inputs while keeping the outputs proportions constant [9].

Whether the DEA algorithm problem is input minimization or output maximization, the CCR model will yield
the same efficiency score regardless of input or output orientations but this is not the case with the BCC model.
However, as revealed in DEA, the output/input-oriented provide an equivalent measure of technical efficiency

when constant return to scale exist (CCR).
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5. Results

From the results in Appendix 5, several observations emerged from DEA analysis. First, the CCR calculation
indicates that efficiency score remains the same regardless of input/output-orientations, stressing the fact that
CCR measures the overall efficiencies, showing the efficient clubs and the more efficient seasons. Second, the
inefficient clubs (CCR < 1) are decomposed into; clubs whose BCC =1 and SE < 1. Clubs in this category have
used their resources without wastage. Others are clubs whose BCC < 1 and SE = 1. Though these clubs are
technically sound but they do waste resources. Third, those clubs whose BCC < 1 and SE < 1 are equally
identified and decomposed. Aston Villa remains efficient in all DEA models using BCC (Variable return to
scale) and CCR (Constant return to scale) until 2014/15 season. Aston Villa is therefore a super-efficient club
(BCC =1, CCR =1 and SE = 1). Though DEA showed the efficient and inefficient EPL clubs in each of the
seasons investigated, most of the clubs investigated were inefficient. Only about 10.91% (24 out of 220) clubs
were efficient in all DEA models in all season. Among these few efficient clubs, only Aston Villa football club
could be consistent at efficiency level during the period analyzed (Typed red in Appendix 5). In terms of
technical efficiency (TE) as measured by CCR, seasonal analysis of the results revealed that the degree of
inefficiency among the EPL was very high during the period investigated. As many as 196 DMUs out of 220
DMUs have CCR < 1 (89.09% of all the DMUs investigated), and this comprises of about 25 football clubs
(highlighted light blue in Appendix 5). The indication is that inefficiencies among EPL clubs are greatly caused
by technical inefficiency. Out of the 11 seasons analyzed, 2014/15 is among the three seasons with a high
number of efficient clubs and is the most efficient season with highest average efficiency scores for BCC, CCR
and SE being 90.6%, 71.9% and 84% respectively (see table 1, figures 2 & 3). Whilst decomposing CCR
inefficiency (CCR < 1), a group emerged whose BCC < 1, and SE = 1. These group highlighted gray in
Appendix 5 comprises of clubs such as Charlton FC, Fulham FC, Portsmouth FC, Bolton Wanderers FC,
Sunderland FC and Hull City FC. Though the clubs are technically sound but do waste resources, they operated
at an optimal return to scale. Any increase or decrease in operational size, the efficiency of the clubs will further

drop.

Table 1: Average Efficiency Scores

Output Oriented Input Oriented
Season BCC CCR SE BCC CCR SE
2004/05 0.828 0.305 0.352 0.609 0.305 0.616
2005/06 0.860 0.363 0.411 0.716 0.363 0.551
2006/07 0.818 0.267 0.325 0.639 0.267 0.507
2007/08 0.746 0.267 0.360 0.516 0.267 0.619
2008/09 0.728 0.278 0.367 0.480 0.278 0.652
2009/10 0.786 0.323 0.389 0.556 0.323 0.635
2010/11 0.858 0.411 0.462 0.579 0.411 0.754
2011/12 0.845 0.506 0.596 0.752 0.506 0.687
2012/13 0.853 0.324 0.372 0.653 0.324 0.588
2013/14 0.793 0.315 0.389 0.599 0.315 0.613
2014/15 0.906 0.719 0.791 0.864 0.719 0.840
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Figure 4: Distribution of Efficiency Scores (2014/15)

Three clubs were efficient in 2014/15 season using DEA-CCR maodel, three clubs had efficiency scores between
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91% and 99.9%, two clubs had between 71% and 80%, four clubs had between 61% and 70%, five clubs had
between 51% and 60%, and the remaining three clubs had between 41% and 50%. In this season, though only
three clubs were efficient, fourteen clubs out of 20 clubs that played on EPL in 2014/15 had efficiency scores
above 50%. The three efficient clubs in 2014/15 were Aston Villa FC, Burnley FC, and Stoke City FC. One or
more of these efficient clubs formed a peer group or reference set for the inefficient clubs. A peer is a unit which
is found to be efficient, with a similar combination of weights as that of an inefficient unit. Where two or more

of these efficient units act as a peer for an inefficient unit, they provide a “peer group” for the inefficient unit.

In 2014/15 season, the peer group for the inefficient clubs (Arsenal, Liverpool, Manchester City, Queens Park
rangers, New castle and Sunderland) is Aston Villa FC and Burnley FC; Leicester FC has Stoke city FC and
Aston Villa as its peer group; Swansea City and west Bromwich followed the pairs of Burnley FC and Stoke
City FC; other clubs (Chelsea, Crystal Palace, Everton, Hull City, Manchester United, Southampton, West Ham

and Tottenham Hotspur) had Burnley FC as peer unit (see Reference Frequency below).

Figure 5: Reference Frequency (2014/15)

It shows that Burnley FC appeared 17 times, Aston Villa FC 8 times while Stoke City FC appeared 4 times as
peer units to the inefficient clubs. Overall, DEA suggests potential improvements in terms of the variable to the

inefficient clubs for 2014/15 season as revealed in total potential improvements chart below.

Total potential improvements

[ wages & Salaries  -0.12 %
[ Assets Consumed -13.52 %
[ Points Attained 40 %
[EEE0 Rate of Attraction 19.88 %
[ Turnover 26.47 %

Foirts Attained

Assets Consume o

WWages & Salaries

Fae of Afiraction |°

Figure 6: Total Potential Improvements (2014/15)
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The total improvement chart above shows that on average Wages and Salaries; and Assets Consumed in
2014/15 need to be reduced by 0.12% and 13.52% respectively, while Points attained; Games' rate of Attraction;

and Turnover should be increased by 40%, 19.88% and 26.47% respectively for the inefficient clubs to become

efficient.

5.1. Changes in efficiency over a period

Efficiency scores estimated in Appendix 5 showed some level of consistency on both DEA models (BCC-

Variable return to scale, and CCR-Constant return to scale) with Aston Villa FC having efficiency score of 1.0

throughout the period analyzed. Surprisingly, more variations were noticed in the efficiency scores displayed

among most of the clubs tagged "the big four"; Manchester United; Chelsea; Liverpool; and Arsenal [2].

Season
Year
AR
Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Window 7
Window 8
Window 9
AV
Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Window 7
Window 8
Window 9
CH
Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Window 7
Window 8
Window 9
EV
Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Window 7
Window 8
Window 9
LP
Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Window 7
Window 8

04/5
1

1.000

1.000

1.000

1.000

0.905

05/6
2

1.000
0.909

0.942
1.000

1.000
1.000

0.737
0.708

0.963
0.982

Table 2: DEA-Window Analysis (BCC-Input Oriented)

06/7
3

1.000
0.846
0.855

1.000
1.000
1.000

1.000
0.950
0.946

0.824
0.805
0.786

0.937
0.859
0.855

07/8
4

1.000
1.000
1.000

1.000
1.000
1.000

1.000
1.000
1.000

0.871
0.854
0.865

0.920
0.917
0.913

08/9
5

0.968
0.988
0.949

1.000
1.000
1.000

0.927
0.927
0.936

0.851
0.856
0.856

0.960
0.975
0.975

09/10
6

1.000
1.000
1.000

1.000
1.000
1.000

0.998
0.993
0.972

0.938
0.920
0.914

0.798
0.849
0.833

10/11
7

1.000
0.977
0.997

1.000
1.000
1.000

0.963
0.891
0.876

0.812
0.804
0.942

0.876
0.825
0.824
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11/12
8

1.000
1.000
1.000

1.000
1.000
1.000

0.966
0.911
0.785

0.765
0.873
0.871

0.798
0.805
0.768

12/13
9

0.921
0.859
0.860

1.000
1.000
1.000

0.929
0.866
0.868

1.000
1.000
1.000

0.912
0.810

13/14
10

1.000
1.000

1.000
1.000

0.962
0.962

1.000
1.000

1.000

14/15 Mean
11

0.966
0.963

0.998
1.000

0.949
1.000

0.875
0.783

0.887

GD

0.154

0.058

0.181

0.138

0.102

TGD

0.154

0.058

0.214

0.292

0.232
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Window 9 0.810 1.000 0.882
MC
Window1 0836 0.715 0.645
Window 2 0.659 0597 0.697
Window 3 0.594 0.689 0.588
Window 4 0.695 0598 0.744
Window 5 0.598 0744 0.789 0791 0.098 0.406
Window 6 0.765 0798  1.000
Window 7 0.798 1.000 1.000
Window 8 1.000 0902 1.000
Window 9 0.902 1.000 1.000
MU
Window1 0924 0973 1.000
Window 2 0.995 1.000 1.000
Window 3 1.000 1.000 1.000
Window 4 1.000 1.000 0.977
Window 5 1.000 0977  1.000 0974 0023 0212
Window 6 1.000 0.996 1.000
Window 7 1.000 1.000 1.000
Window 8 1.000 1.000 0.788
Window 9 1.000 0.788 0.880
TH
Window1 1.000 1.000 0.947
Window 2 1.000 0.842 0.819
Window 3 0.834 0.819 1.000
Window 4 0.794 1.000 0.914
Window 5 1.000 0914 0.791 0914 0113 0.209
Window 6 0.933 0811 0.864
Window 7 0.887 0.940 0.963
Window 8 0914 0943 0.910
Window 9 0.949 0.908 0.986
Table 3: DEA-Window Average/variance Efficiency Scores
DMU | BCC-INPUT BCC-OUTPUT DEA | DMU | CCR-INPUT/OUTPUT DEA
ORIENTED ORIENTED Rank ORIENTED Rank
MEAN | GD" | TGD" | MEAN | GD™ | TGD" MEAN | GD* | TGD*
AR 0.934 0.269 | 0.269 | 0.966 0.154 | 0.154 | 3rd | AR 0.403 0.068 | 0.846 | 2ND
AV 0.997 0.081 | 0.081 | 0.998 0.058 | 0.058 | 1st AV 0.983 0.107 | 0.107 | 1ST
CH 0.825 0.312 | 0.459 | 0.949 0.181 | 0.214 | 4th CH 0.162 0.044 | 0.061 | 7TH
EV 0.584 0.494 | 0.805 | 0.875 0.138 | 0.292 | 7th EV 0.329 0.253 | 0.594 | 4TH
LP 0.789 0.200 | 0.401 | 0.887 0.102 | 0.232 | 6th LP 0.294 0.224 | 0.793 | 5TH
MC 0.502 0.270 | 0.873 | 0.791 0.098 | 0.406 | 8th MC 0.161 0.041 | 0.287 | 8TH
MU 0.949 0.085 | 0.332 | 0.974 0.023 | 0.212 | 2nd | MU 0.207 0.074 | 0.114 | 6TH
TH 0.802 0.309 | 0.459 | 0.914 0.113 | 0.209 | 5th TH 0.400 0.077 | 0.820 | 3RD

Mean — Average efficiency score for 9 windows; GD — The greatest difference in yearly efficiency scores but

different windows; TGD — Total greatest difference in efficiency scores for the entire period regardless of the

window.

Although all the “big four” clubs (highlighted gray table 3) remained consistent on EPL during the period

analyzed, but their aggregate performance does not warrant the accolade. From the DEA-window analysis (table
2), 8 clubs (Arsenal FC, Aston Villa FC, Chelsea FC, Everton FC, Liverpool FC, Manchester City FC,

Manchester United FC, and Tottenham Hot Spur FC) remained consistent on the English Premier League
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throughout the period analyzed. An analysis of change in efficiencies over the 11 seasons researched showed on
average regardless of input or output orientation using BCC and CCR that Aston Villa FC remains the best with
around 99% efficiency score. Though not efficient, EPL clubs showed a high level of inefficiencies for the
entire research period. Looking at the change in efficiency over the period analyzed, TGD less GD (TGD - GD)
is equal zero (0) for Arsenal FC and Aston Villa FC using BCC (input or output orientations) and remain zero
for Aston Villa FC only using CCR model. These two clubs are relatively more stable in performance as
measured by the change in their efficiencies over the period analyzed. With BCC model, Aston Villa FC has the
minimal efficiency variance of 0.081 and 0.058 for input oriented and output oriented respectively. Though
Aston Villa FC has 10.7% variance in efficiency score using CCR model as indicated above against Chelsea
FC’s 6.1%, but the difference between TGD and GD remain Zero (0) for Aston Villa FC as against Chelsea’s
(0.017) efficiency variance over the period analyzed. Using any DEA window analysis model (BCC or CCR),
Aston Villa FC remained the only football club that was relatively stable on EPL between 2005 and 2015
season. Therefore, it could be fair to say Aston Villa football club is the most efficient club to have played in
EPL in the period analyzed using DEA model. Though some EPL clubs were efficient in their operations during
the research period (highlighted in orange in Appendix 5), a high level of inefficiency operated across the EPL

seasons researched. So, to what extent does EPL rank evaluates efficiency?

Table 4: Efficiency Ranking (DEA & EPL)

2014/15 SEASON (Output Oriented)

DMU BCC-Rank CCR-Rank SE-Rank EPL-Rank
Arsenal FC 1st 17th *19th 3rd
Aston Villa FC 1st 1st 1st 17th
Burnley FC 1st 1st 1st *19th
Chelsea FC 1st 15th *18th 1st
Crystal P. FC 13th Tth Tth 10th
Everton FC 16th 12th 11th 11th
Hull City FC *18th 13th 8th *18th
Leicester FC 10th 6th 4th 14th
Liverpool FC 11th *19th *20th 6th
Man. City FC 1st 14th 17th 2nd
Man. United FC | 12th 16th 16th 4th
Newcastle Utd. | 15th 11th 10th 15th
Southampton FC | 1st 4th 5th 7th
Stoke City FC 1st 1st 1st Oth
Sunderland FC *20th *20th 15th 16th
Swansea City FC | 1st 5th 6th 8th
T. Hotspur FC 1st 8th 13th 5th
W. Bromwich | 16th 10th 9th 13th
West Ham Utd. | 14th 9th 12th 12th
Queens Park R. | *19th *18th 14th *20th

Based on BCC results, which measures pure technical efficiency, table 4 shows that Sunderland FC, Queens
Park Rangers FC, and Hull City FC came behind with 20th, 19th, and 18th positions respectively. Among the
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three clubs relegated in 2014/15 EPL season are the Queens Park Rangers FC and Hull City FC. Whilst BCC
model recommended that the Sunderland FC be relegated in 2014/15, EPL relegated Burnley FC which was
adjudged to have performed efficiently by DEA-BCC model. This showed that 2 out of 3 clubs relegated in
2014/15 by EPL ranking correlated with DEA-BCC model; a correlation coefficient of 66.67%. Again, only 1
out of 3 clubs relegated by EPL ranking correlated with DEA-CCR model which indicate a correlation
coefficient of 33.33%. It is apparent that EPL does not measure scale efficiency as there is no correlation

between DEA-scale efficient and EPL ranking in 2014/15 season.

From all indications both DEA-CCR and DEA-BCC models using either output-oriented or input-oriented show
that Burnley FC should not have been relegated in 2014/15 as it performed better than both Sunderland FC and

Liverpool FC in 2014/15 EPL season should overall efficiency as measured by DEA models, were considered.

6. Discussion

Given the multi-performance perspective of football clubs, namely sporting, financial and social success, three
output variables have been selected; points attained per season, total turnover for the corresponding financial
year and the games' rate of attraction. Points attained per EPL season measures the clubs' sporting performance
on a regular basis over the period researched given that each football club plays 38 league matches per season.
Similarly, points won has been used as a proxy for successful sporting performance in other recent studies on
professional football [19,20,21]. Derived from the clubs’ financial statements are the total turnover; an indicator
of clubs’ financial success [21]. While differences exist in clubs’ structures, some clubs are part of a group of
companies, others are independent liability companies. By using turnover figure reported in the Deloitte and
Touche football financial reviews, together with the annual account of relevant football clubs as filed and
published by the companies’ house enhance the consistency of the turnover figure ensuring that data therein was
adjusted to exclude figure related to non-football activities. Total turnover has been used by previous studies
[22,23,24] as measures of economic success of football clubs regardless of whether it is derived from gate fees,
merchandising, media broadcasting, sponsorship or other incomes from football related activities. Appropriate
accounting marching concept was adopted to ensure that expenses incurred by the football clubs were met from
the total revenue generated from football related activities.

The current study introduces “Games’ rate of Attraction” as a measure of social esteem for spectators and
motivates fans to be attracted to football match either by physical presence at games’ venue or watched as
relayed by media. The significance of this variable is seen in its positive influence on fans loyalty, determination
of fan’s size based, and its existence as a readily available market for the sponsors to increase the market shares
of their products. Inputs selected are various football expenses range from wages and salaries to assets
consumed and the number of employees. At first, these three inputs were used in the initial analysis, but the
negative effect of the number of employees on the initial analysis thereby overestimating the efficiency scores
led to the number of employees being dropped in the definitive analysis (see appendix 3 and 4). The wages and
salaries derived from the financial statements of the football clubs include directors’ remunerations as their
boardroom decisions on whom to employ as coach or manager and buy as a player significantly influence club’s

performance [19,20,21,25]. It is evident that wages and salaries constitute the bulk of clubs’ total cost
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accounting for about 90% of the cost, and wage cost per league point in EPL varies considerably across clubs
according to the presence of superstars, with financially strong teams spending more per league point than the
other clubs [26]. Different accounting policies adopted by different football clubs might be a major source of
inefficiency as revealed by the DEA model where little returns are generated from large investment, but clubs
that received large returns from little investments are more efficient in the use of the productive resources. From
the fans point of view, “The Champion is the best” and is expected to spend heavily on playing talents to
achieve this status. In the broader context of DEA, efficiency is not the absolute privilege of the champions as
there is always enough space for improvements. Whilst [9] submitted that EPL ranking is not significantly
related to the ranking based on efficiency scores, this study affirms that EPL ranking is significantly correlated
with DEA efficiency scores. Though EPL ranking does not measure scale efficiency as does by the DEA
efficiency score, but the existence of a correlation between the two ranking models in this study confirms the
submissions of [19]. As in [2,27] submitted that success in football is often costly, requiring huge investment
and ongoing expenses, and financially rewarding. Both studies agreed that football clubs that are successful on-
pitch performance benefit considerably from prize money and attract new sponsors and fans to their games and
buy their merchandise. Whilst this study agrees with them, it opines that such success is uncertain and are not
the absolute privilege of big and financially strong clubs, but only a few clubs with adequate managerial
capabilities and skills will experience a virtuous cycle of this kind. From the results, few of the EPL clubs could
manage to maintain efficiency in one or more of the seasons studied (highlighted in orange), except for one club
(Aston Villa FC) who remained efficient in all DEA model throughout the eleven seasons analysed.
Surprisingly, what was classified as tier 1 in [28] and [2] and named ‘The Top 4’ and ‘The Big 4' respectively
could not justify such accolade as clubs in these groups experienced the greatest variations in efficiencies over
the period researched. An indication that the state of English football has changed from what it was in 2006 and
2008 when Gerrard and Oberstone conducted their respective research. The results from this study show that
none of the EPL ‘Champions' is CCR efficient during the period analysed. Though, the champions might have
used their productive resources without wastage (CCR < 1; BCC = 1 and SE < 1), but they were technically
inefficient (CCR < 1). The results further show that the dominant source of inefficiency is scale as all
technically efficient (CCR = 1) clubs are also pure technical efficient (BCC = 1) due to their managerial
capabilities and skills (Arsenal FC, Chelsea FC, Manchester City FC, Southampton FC, Swansea City FC, and
Tottenham Hotspur FC). Other clubs that worth examining are those whose SE =1, but BCC <1 and CCR< 1
(highlighted gray in Appendix 5). These clubs were DEA inefficient in both BCC and CCR model but efficient
in their scale of operation, indicating that their operational size was optimal in those seasons. Therefore, any
increase or decrease in their operational size will mean a drop in their efficiency (Sunderland FC, Hull City FC,
Bolton Wanderers FC, Portsmouth FC, Charlton FC, and Fulham FC). Clubs that are scale inefficient (SE < 1)
during the period investigated operated under decreasing returns to scale (DRS) and are too large. Thus, their

scale sizes should be reduced to improve their efficiencies as decreasing returns to scale prevailed.

7. Conclusion

The general conclusion is that there is a high degree of overall inefficiency among EPL clubs confirming the
submissions of previous studies [19,2,20,21] and that only two seasons out of 11 seasons investigated had

average efficiency scores above 50% with the best season being 2014/15 with 71.9% efficiency score. Though
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there were dimensional differences, and therefore some clubs experienced decreasing returns to scale (DRS),
most English Premier League football clubs may be argued to be better managed in 2014/15 season as depicted
by highest average efficiency score in all DEA models (BCC, CCR, and SE. Only Aston Villa football club
remained consistent throughout the period researched. Aston Villa FC is therefore regarded as a "super-
efficient” club. The big clubs (Gerrard’s “Big 4” and Oberstone’s “Top 4”) though were among the eight
consistent clubs on EPL but could not maintain efficiency trend over the period analyzed as they were found to
be efficient in either one or two seasons. The results further revealed that efficiency is not the absolute privilege
of the EPL Champions as none of the EPL winners was CCR efficient in any of the 11 seasons analyzed.
Among the eight EPL clubs with 100% participation in EPL during the period investigated, Aston Villa FC
remained the most consistent club with an average of 98.3% CCR efficiency score and almost zero (0) percent
efficiency variation over the period researched. These indicate that Aston Villa FC is the most efficient EPL
club during the research period. DEA-BCC in its output orientation is recommended to be used when comparing
sports clubs’ efficiency scores with Premier League ranking. The model has an average correlation coefficient
of 69.69% if compared with EPL ranking. However, since no correlation exists between EPL rank and DEA-
Scale efficiency scores, one might conclude that EPL does not measure scale efficiency. Variations in
accounting policies used by different football clubs when reporting their financial statements pose a great
challenge to this study, whilst the researchers were unable to triangulate DEA findings with other methodology.
From the extant literature, none of the previous studies has ever combined DEA methodology with Naturalistic
Approach to bring the views of stakeholders to confirm or refute the findings of DEA approach. Therefore,
future researchers might consider the advantages of this mixed method over the traditional DEA or stochastic

frontier approaches.
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Appendix 1

DEA Window Analysis

Table 5
Season 1 2 3 4 5 6 7 8 9 10 11
Year 04/05 05/06 06/07 07/08 . . . 11/12 | 12/13 | 13/14 | 14/15
Club1
Window 1 wx wx *x
Window 2 wx *x wx
Window 9 wx wx ol
Club 2
Window 1 wx wx fakel
Window 2 wx faked wx
Window 9 wx wx fakel
Clubn
Window 1 wx wx fakel
Window 2 wx fakel wx
Window 9 wx wx fakel

Source: Adapted from DEA-Solver 4.2 manual released by BANXIA Frontier Analyst in (2013). Window

analysis-relative efficiency scores (**)

Appendix 2
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Research Population/Window Sample

Table 6

S/ | CLUB 04/ | 05/ |06/ |07/ |08/ |09/ |10/ |11/ |12/ | 13/ | 14/ | REMA | Particip

N 05 |06 |07 |08 |09 |10 |11 |12 |13 |14 |15 |RK ation %

1 | Chelseafc | * * * * * * * * * * * wuU 100

2 | Arsenal fc | * * * * * * * * * * * Wu 100

3 Man * * * * * * * * * * * WU 100
united fc

4 | Evertonfc | * * * * * * * * * * * WU 100

5 | Liverpool |* * * * * * * * * * * Wwu 100
fc

6 | Bolton * * * * * * * * nfa | nfa | nfa | NI 72.7
wan. fc

7 | Middlebor | * * * * * nfa | nfa |nfa |nfa |nfa | na | NI 455
ough fc

8 | Man. city | * * * * * * * * * * * wu 100
fc

9 | Totten * * * * * * * * * * * wu 100
ham fc

10 | Astonvilla | * * * * * * * * * * * wWu 100
fc

11 | Charlton * * * na |nfa |{nfa |nfa |[nfa |nfa |nfa | nfa | NI 27.3
at. fc

12 | Birmingh | * * nfa | * nfa | * * nfa | nfa | nfa | nfa | NI 45.5
am city fc

13 | Fulhamfc | * * * * * * * * * * n/a | NI 90.9

14 | Newcastle | * * * * * nfa | * * * * * NI 90.9
fc

15 | Blackburn | * * * * * * * * nfa | nfa | nfa | NI 72.7
r. fc

16 | Portsmout | * * * * * * na | nfa | nfa | nfa | nfa | NI 54.6
h fc

17 | West * * na |nla | * nfa | * * * * * NI 72.7
Bromwich
fc

18 | Crystal * na [nfa |nfa |nfa |nfa |nfa |na |na |* * NI 27.3
palace fc

19 | Norwich * nla |nfa |nfa [nfa |nfa |na |* * * n/a | NI 36.4
city fc

20 | Southamp | * nfa |nfa |nfa |nfa |nfa |nfa |nfa |* * * NI 36.4
ton fc

21 | Wigan at. | nfa | * * * * * * * * nfa | nfa | NI 72.7
fc

22 | west ham | nfa | * * * * * * nfa | * * * NI 81.8
united fc

23 | Sunderlan | nfa | * nfa | * * * * * * * * NI 81.8
d fc

24 | Readingfc | nfa | nfa | * * nfa |nfa [nfa |na |* nfa | nfa | NI 27.3

25 | Sheffield na | nla |* na |nfa |{nfa |nfa |[nfa |[nfa |nfa | nfa | NI 9.1
fc

26 | Watford na | nla |* na |nfa |{nfa |nfa |[nfa |nfa |nfa | nfa | NI 9.1
fc

27 | Derby na | nfa |nfa |* nfa | nfa (nfa |nfa |nfa |nfa |nfa |NI 9.1
county fc

28 | Stoke city | nfa [ nfa |nla |nfa | * * * * * * * NI 63.6
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fc

29 | Hull city |nfa |nfa |nfa [ nfa | * * na | nfa |nla | * * NI 36.4
fc

30 | Wolver na | nfa |nla |na |nfa |* * * nfa | nfa | nfa | NI 27.3
Hampton
fc

31 | Burnleyfc | nfa |nfa |nla |[nfa |nfa |* na |na |nla |na | * NI 18.2

32 | Black pool | nfa | nfa | nfa |nfa |nfa |nfa |* nfa | nfa | nfa | nfa | NI 9.1
fc

33 | Swansea na | nfa [nfa |nfa [nfa |nfa |na |* * * * NI 36.4
city fc

34 | Queens p. | nfa [ nfa [ nfa |nfa |nfa |nfa |nla |* * nla | * NI 27.3
rangers

35 | Cardiff na | nfa |[nfa |nfa [nfa |nfa |nfa [nla |na |* n/a | NI 9.1
city fc
Leicester na | nfa [nfa |nfa [nfa |nfa |nfa |nfa |na |nfa |* NI 9.1
city fc
TOTAL 20 |20 |20 |20 |20 |20 |20 |20 |20 |20 |20 -

Note: ‘n/a’ indicates Not Available, * Represents participating club, NI indicates Not Included in window

analysis, while WU represents window units. Therefore, only 8 clubs were included in ‘window' analyses across

11 seasons given a sample size of 88.

Appendix 3

Correlation between inputs (X) and output () in the Preliminary Model (three outputs/three inputs)

Table 7

Output | Year1l Year 2 Year 3 Year 4 Year 5

P/A | TIO | RO P/A | T/IO | RO P/A | T/O | RO P/A [T/O RO |P/A [T/O RO
Wages & | 0.84 | 0.90 | 0.82 | 0.83 | 093 | 082 | 0.77 | 0.92 | 0.76 | 0.75 |0.90|0.76|0.71(0.86(0.73
Assets 0.73 | 0.68 | 0.71 | 0.61 |0.66 | 0.62 | 0.66 | 0.83 | 0.66 | 0.65 (0.80(0.64(0.61]0.660.65
Number | - 0.04 | - 0.01 [ 0.02 | 0.03 | - - - 0.07 |- 0.06/0.20/0.07(0.18

Year 6 Year 7 Year 8 Year 9 Year 10

WA\@ RO P/A | TIO | RO P/A | T/O | RO P/A [T/O RO |P/A [T/O RO
Wages & | 0.73 | 0.85 | 0.75 | 0.85 [ 0.88 | 0.87 | 0.81 | 0.95 | 0.83 | 0.80 |0.97|0.79|0.84(0.95/0.84
Assets 0.60 | 0.69 | 060 | 0.62 | 057 | 065 | 0.68 | 0.61 | 0.69 | 0.73 (0.94(0.72(0.59]0.73/0.61
Number | 0.09 | 0.07 | 0.05 | - 0.06 | - - 0.08 | - - 0.00 |- - 0.01}-

t Year 11

PIA—LT/0 | RO
Wages & | 0.89 | 0.92 | 0.89
Assets 0.72 | 0.85 | 0.70
Number | 0.02 | 0.17 | -
Appendix 4

Yearly average correlation between variables (X, Y)
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Table 8

Year Year | Year | Year | Year | Year | Year | Year | Year | Year |Year

1 2 3 4 5 6 7 8 9 10 11
Wages & Salaries 0.85 0.86 [ 082 |080 |077 |0.78 [087 |0.8 |0.85 |0.88 [0.90
Assets Consumed 0.71 063 [ 072 | 070 | 064 |0.63 [0.61 |0.66 |0.80 |0.64 [0.76
Number of | -0.05 0.02 |-0.19 | 0.03 | 0.09 |0.07 |-0.01|-0.01 |-0.03 | 0.07 [-0.02
Crmnlavinnek

Table 9

SEASON J2004/2005 2005/2006 2006/2007
DEA Output Input Output Input Output Input
DMU BC |CC |SE |BC [CC|SE |BC |[CC | SE | BC | CC |SE|BC|CC|SE [BC|CC |SE
Arsenal 10 |02 |02 |10 [02/02 |10 (02 {02 |10 |02 [0.2]1.0/0.2]0.2|1.0]0.2 0.2
Aston 10 {10 |10 |10 20|20 |20 (20 {10 J10 |10 [10j10p0j10p0L02.0
Birmingha | 0.7 | 0.2 | 0.2 |02 |0.2|/09 |06 |01 (03 |02 (01 0.8
Blackburn 1 06 (0.1 (0.2 |01 [01/08 |10 |03 |03 |10 |03 (0.3|1.0(0.3/0.31.0(0.3/0.3
B. 10 {04 |04 |10 04|04 |09 (03 |03 |08 |03 [0.3[1.0/0.3]0.3]1.0/0.30.3
Charlton 07 {02 |02 )02 |02|10 |07 |02 |03 |04 |02 |05]05/0.1/0.2]0.10.1 /0.7
Chelsea 10 {01 |01 |10 01/021 |10 (01 (01 J10 |01 [01J10[0.1101J2.0/10.1/0.2
Crystal P. |06 |02 [ 03 |03 [0.2(0.7
Everton 10 |02 |02 |10 [02/02 |07 (02 |02 JO5 |02 [0.4]0.8/0.2]0.2]0.6/0.20.3
Fulham 06 {01 |02 )01 |01|10 |07 |02 |03 |06 |02 |04]0.6/0.1]0.2]0.1/0.1/0.7
Liverpool |10 |02 |02 |10 (02|02 |10 |02 |02 |10 |0.2 [0.2]0.9/0.2|0.2]0.8]0.2]0.2
Man. City | 0.9 |03 |04 |06 (03|06 |08 |02 (0.2 |05 |0.2 [04]0.6[0.1/0.2]0.2/0.1]/0.7
Man. 09 |01 (02|08 (01{02 |10 |02 |02 |10 |02 |0.2]1.00.2]0.2]1.0/0.2]0.2
Middlesbr 1 0.8 0.2 (0.2 |06 (02|03 |06 |01 |02 |03 |01 (0.5[0.7(0.1/0.2]0.3/0.1/0.6
Newcastle | 09 (0.2 (0.2 |08 (02|02 |09 |02 |02 |08 |02 (0.2]0.7(0.1/0.2]0.5/0.1/0.3
Norwich 06 |02 |04 ]03 [0.2]|0.7
Portsmout | 0.6 | 0.1 (0.2 |02 01,08 |06 |02 [03 |0.2 |0.2 |1.0]0.8(0.2(0.2]0.5(0.20.3
Reading 0.90.3/0.3]0.9/0.3 (0.3
Sheffield 0.6 0.2 0.4]0.3]0.2 0.9
Southamp |05 |01 [03 |02 [0.1(0.7
Sunderlan 06 {02 (04 103 |02 (0.8
T. 10 |10 {210 |10 (2.0{20 |10 (20 |10 |10 |10 [1.0]0.9(0.2(0.2]10.9/0.2[0.2
Watford 0.5(0.2]0.5]0.5/0.2 0.5
W. 06 |02 |03 ]02 (0207 |05 |02 |03 |03 |02 |0.7
West Ham 09 |03 |03 ]09 (03 (0.3]0.6(0.1/0.2]0.2/0.1/0.6
Wigan 10 {10 |10 |10 |10 |1.0]0.6/0.2(0.3]0.2(0.2/0.9
AVERA 08 |03 |03 |06 (0306 |08 |03 |04 |07 |03 (05(0.8(0.2]0.3]0.6[0.20.5
Appendix 5

DEA-BCC; CCR; and SE; Efficiency Scores using both Output and Input Orientations
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Table 10
SEASON ]|2007/2008 2008/2009 2009/2010
DEA Output Input Output Input Output Input
DMU BC |CC |SE |BC |[CC|SE |BC |CC |SE | BC | CC |SE |BC|CC|SE |BC|CC|SE
Arsenal 10 |02 |02 |10 (02|02 |10 |02 |02 |10 |0.2 |0.2]1.0/0.3(0.3|1.0[0.3/0.3
Aston 10 |10 (10 |10 (1.0{20 |10 |10 (10 |10 |10 {1.0Jt0|l.0[1.0J1.0{2.0/1.0
Birmingha | 0.5 | 0.2 |04 |04 (02| 0.6 0.7 (0.2 0.3]0.2 0.2 0.7
Blackburn | 0.8 | 0.2 |03 |02 (02|09 |06 |02 |03 |03 |02 (0.6]0.7(0.2(0.3]0.2(0.2(0.8
B. 05 (01 |03 |02 0106 |05 |01 |0.2]0.2 |01 |06[0.7[0.5/0.6[0.5/0.50.9
Burnley
Chelsea 10 |01 (01 |10 01|01 |09 |01 |01 |06 |01 [0.2]2.0/0.2[0.1J2.0{0.1/0.1
Derby 05 (02 |05 |04 02|06
Everton 09 {02 |02 |08 02(03 |08 |02 |02 |02 |02 |07/0.9/0.4[0.5/0.60.40.7
FulhamFC | 05 {01 |03 |02 (0.1{06 |07 |01 |02 |02 |01 (0.8/0.6(0.1/0.3]0.2(0.1/0.8
Hull City 05 (02 |05 |04 |02 [06/04(0.1/0.4]0.3/0.1/0.5
Liverpool |09 |02 |02 |08 (02|02 |09 |02 |02 |09 |02 (0.2/0.8/0.1/0.2]0.6(0.1/0.2
Man. City |07 |02 |02 |02 02|07 |06 |01 |02 |01 |01 (08]0.7/0.1/0.1]0.2(0.1[0.4
Man. 10 |02 |02 |10 02|02 |10 |02 |02 |10 |02 |0.2]1.00.2(0.2|1.0[0.2/0.2
Middlesbr | 06 | 0.2 |04 |04 02|07 |04 |02 |05 |04 |02 |05
Newcastle |06 |01 |02 |04 01/04 |05 |01 |02 |01 |01 |08
Portsmout | 0.7 | 0.1 |02 |01 [0.1|1.0
Reading 05 (02 |04 |03 02|06
Stoke City 06 (02 |03 |03 |0.2 |0.7/0.6(0.2(0.3]0.20.20.7
Sunderland | 05 | 0.2 |04 |02 (02|08 |04 |01 |03 |01 |01 0.7]0.6(0.1(0.20.1(0.1/0.7
T. Hotspur | 0.8 [ 0.2 |03 |06 [02|04 |10 |10 |10 |1.0 |1.0 |1.0]0.9(0.2(0.2]0.70.20.2
W. 04 (01 {03 |03 |01 |05
West Ham | 06 (0.1 |02 |01 |01/09 |06 |01 |[0.2 |01 |01 [0.8]0.4(0.1/0.3]0.2/0.1/0.8
Wigan 05 (01 |03 |02 0106 |06 |01 |02 |02 |01 [07/05/0.1/0.2]0.2/0.1/0.5
Wolverha 1.0(1.0|1.0[1.0 1.0 [1.0
AVERAG |07 |02 |03 |05 |02|06 |07 |02 |03 |04 |0.2 [06]0.7(0.3/0.3]0.5/0.30.6
Table 11
SEASON ]2010/2011 2011/2012 2012/2013
DEA Output Input Output Input Output Input
DMU BC |CC |SE |BC |[CC|SE |BC |CC |SE | BC | CC [SE |BC|CC|SE |BC|CC|SE
Arsenal 10 |10 (10 |10 10|20 |20 |10 |10 |10 |10 [2.0]1.0/0.2(0.2|1.0[0.2/0.2
Aston 10 {10 (10 |10 |20(10 |10 |10 {10 |10 |10 1.0/1.0[2.0[1.0JL.0[1.0/|L.0
Birmingha | 0.6 | 0.2 [ 03 |02 [0.2]| 0.8
Blackburn | 0.7 {03 |04 |03 (03|09 |05 |03 |06 |04 |03 |09
Blackpool | 1.0 | 1.0 [1.0 |10 10| 1.0
B. 07 {02 |02 |02 02|10 |06 |03 |05 |04 |03 |07
Chelsea 09 {02 |02 |06 02(02 |09 |02 |02 |08 |02 [02/09(0.1/0.1]0.9/0.10.1
Everton 09 |06 |06 |07 06(08 |08 {04 |05 |07 |04 |06[1.0[0.3/0.3]|1.0/0.3/0.3
FulhamFC | 08 {03 |03 |03 (03|09 |08 |03 |03 |06 |03 (0.4]0.60.1/0.20.2(0.1(0.6
Liverpool |08 |01 |02 |07 (01{02 |08 |07 |08 |07 |07 (09]0.90.1/0.2]0.9(0.1/0.2
Man. City |09 |01 |01 |06 (0201 |10 |01 |01 |10 (01 (0.1[1.00.1/01J1.0[0.1[0.1
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Man. 10 |02 |02 |10 02|02 |10 |03 |03 |10 |03 [0.3]1.0/0.2(0.2|1.0[0.2/0.2
Newcastle |09 {08 |09 |08 (08/09 |10 |06 |06 |10 |0.6 (0.6]0.8(0.3/0.3]0.5(0.3(0.5
Norwich 09 (06 |07 |08 |06 [0.7]0.7(0.2(0.3]0.3/0.20.7
Queens 06 (05 |07 |05 |05 (0.9]0.8(0.3(0.3]0.6(0.3/0.4
Reading 0.510.1/0.3]0.20.1 /0.7
Southampt 0.7 0.2 0.3]0.2 0.2 0.9
Stoke City | 0.8 |03 (03 |04 03|06 |07 |03 |04 |05 |03 |0.6]0.6(0.1(0.20.2(0.1/0.8
Sunderland | 0.7 |01 (02 |01 01|10 |07 |02 |03 |04 |02 0.6]0.6(0.1(0.2]0.1{0.1/0.9
Swansea 10 |10 (10 |10 |10 [1.0]0.8/0.4(0.5/0.5(0.4(0.7
T. Hotspur | 0.8 [ 02 |02 |07 |02|/02 |09 |03 |03 |09 |03 [04]1.0(0.2(0.2|1.0/0.20.2
W. 08 {04 |05 |04 04(09 |08 |05 |06 |07 |05 |07[1.0(1.01.0|1.0/1.0 1.0
West Ham | 0.6 | 0.1 |03 |02 [0.1|0.9 0.7 0.2(0.2]0.4/0.2 0.4
Wigan 07 {02 {03 |02 02(08 |08 |04 |05 |07 |04 |06]0.6[0.2(0.3]0.2/0.2(0.8
Wolverha |07 |03 |04 |03 [03/09 |05 |02 |05 |04 |02 |07
AVERAG |08 (04 |04 |O5 [04|07 |08 |05 |05 |07 |05 [06]0.8(0.30.3]0.60.3(0.5
Table 12

SEASON 2013/2014 2014/2015

Output Oriented Input Oriented Output Oriented Input Oriented
DMU BCC | CCR | SE BCC [CCR | SE BCC | CCR | SE BCC | CCR [SE
Arsenal FC 1.000 | 0.249 | 0.249 | 1.000 [0.249 | 0.249 | 1.000 | 0.529 | 0.529 | 1.000 | 0.529 |0.529
Aston  Villa | 1.000 | 1.000 | 1.000 | 1.000 [1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 (1.000
Burnley FC 1.000 | 1.000 | 1.000 | 1.000 | 1.000 (1.000
Cardiff City | 0.543 | 0.157 | 0.289 | 0.198 [0.157 | 0.793
Chelsea FC 0.964 | 0.157 | 0.163 | 0.917 |0.157 | 0.171 | 1.000 | 0.546 | 0.546 | 1.000 | 0.546 (0.546
Crystal P. FC | 0.798 | 0.348 | 0.436 | 0.605 [0.348 | 0.575 | 0.877 | 0.803 | 0.916 | 0.847 | 0.803 |0.948
Everton FC 1.000 | 0.343 | 0.343 | 1.000 |0.343 | 0.343 | 0.812 | 0.650 | 0.800 | 0.755 | 0.650 [0.861
Fulham FC 0.540 | 0.139 | 0.257 | 0.154 |0.139 | 0.903
Hull City FC ]| 0.675 | 0.240 | 0.356 | 0.240 [0.240 | 1.000 | 0.695 | 0.604 | 0.869 | 0.618 | 0.604 |0.977
Leicester FC 0.989 | 0.956 | 0.967 | 0.972 | 0.956 |0.984
Liverpool FC | 1.000 | 1.000 | 1.000 | 1.000 (1.000 | 1.000 | 0.988 | 0.508 | 0.514 | 0.982 | 0.508 (0.517
Man. City FC | 1.000 | 0.161 | 0.161 | 1.000 (0.161 | 0.161 | 1.000 | 0.559 | 0.559 | 1.000 | 0.559 (0.559
Man. United | 0.788 | 0.142 | 0.180 | 0.668 [0.142 | 0.213 | 0.900 | 0.531 | 0.590 | 0.783 | 0.531 (0.678
Newcastle 0.774 | 0.265 | 0.342 | 0.542 |0.265 | 0.489 | 0.831 | 0.668 | 0.804 | 0.792 | 0.668 (0.843
Norwich FC ]| 0.612 | 0.169 | 0.276 | 0.194 [0.169 | 0.871
Southampton | 0.849 | 0.265 | 0.312 | 0.699 |0.265 | 0.379 | 1.000 | 0.966 | 0.966 | 1.000 | 0.966 |0.966
Stoke  City | 0.776 | 0.291 | 0.375 | 0.559 0.291 | 0.521 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 |1.000
Sunderland 0.624 | 0.154 | 0.267 | 0.154 |0.154 | 1.000 | 0.662 | 0.413 | 0.624 | 0.442 | 0.413 (0.934
Swansea City | 0.677 | 0.206 | 0.304 | 0.286 [0.206 | 0.720 | 1.000 | 0.962 | 0.962 | 1.000 | 0.962 |0.962
T.  Hotspur | 0.910 | 0.218 | 0.240 | 0.840 |0.218 | 0.260 | 1.000 | 0.791 | 0.791 | 1.000 | 0.791 [0.791
W. Bromwich | 0.628 | 0.610 | 0.971 | 0.643 |0.610 | 0.949 | 0.812 | 0.681 | 0.839 | 0.711 | 0.681 |0.958
West  Ham | 0.705 | 0.186 | 0.264 | 0.285 |0.186 | 0.653 | 0.869 | 0.693 | 0.797 | 0.804 | 0.693 |0.862
Queens Park 0.688 | 0.509 | 0.740 | 0.576 | 0.509 |0.884
AVERAGE* | 0.793 | 0.315 | 0.389 | 0.599 [0.315 | 0.613 ] 0.906 | 0.719 | 0.791 | 0.864 | 0.719 |0.840
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