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ABSTRACT: The purpose of this study was to establish the validity (unbiasedness) and reliability of E-panel
judges officiating execution of exercises in men’s artistic gymnastics at the European Championship 2011
(EC2011) in Berlin. Overall bias was established in terms of average over-scoring or under-scoring of each judge
compared to the final E score of a judges’ E panel. National bias was expressed as average over-scoring of
gymnasts of the same nationality as the judge’s. Both types of bias were mostly small (within the +/- 0.1 point
range), but statistically significant and also substantial (over 0.2 point) in some cases. Compared to other
competitions, it seems that bias is becoming smaller over time and is also smaller in competitions of higher
importance. Analysis of possible consequences of bias showed that overall bias may influence both scores and
ranks of competitors, while national bias may be especially problematic in the qualification round, where it may

prevent some competitors from qualifying for apparatus finals.
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INTRODUCTIOIN |

As one of the most widespread and popular sports, artistic gymnas-
tics has been part of the official programme of the modern Olympic
games since its beginning in 1896. As such it has attracted much
attention in science over the years and recently a new journal
(Science of Gymnastics Journal) emerged and several scientific papers
were published elsewhere (e.g. [10]).

Artistic gymnastics is one of the sports (along with diving, figure
skating and synchronized swimming) in which competition results
(scoring and ranking of athlete’s performance) heavily depend on
the judges’ evaluation. This is in contrast to some other sports,
e.g. athletics, where results are recorded by precise technical instru-
ments, or sports like basketball, where scoring is formally confirmed
by the judge, but usually is not perceived as problematic by experts
or spectators.

At first, in gymnastics competitions only one judge evaluated
a gymnast, while nowadays at most important competitions there
are more (up to six) judges evaluating execution (and artistry) and
two judges evaluating difficulty, composition requirements and con-
nection value. Difficulty judges determine their so-called D score

in agreement, while each member of the execution jury gives its score
independently of each other. At the European Championship 2011
the execution (E) score of every routine was calculated as the average
of the middle four judges’ scores (i.e. not counting the lowest and
highest score). The final score was simply the sum of E and D scores.

While evaluating the D score is usually not seen as problematic,
E score derivation has been many times criticized by spectators,
commentators, officials, coaches, gymnasts and also by researchers.
Although the Code of Points [9] exactly prescribes the deductions
(i.e. 1 point for falling off the apparatus, 0.1, 0.3 and 0.5 for small,
medium and large errors, respectively), E-panel judges usually give
different scores for the same exercises. It is not possible to univo-
cally decide if a particular judge is “right” or “wrong” as there is no
golden standard to compare with. However, in many cases it is agreed
that a large departure of a judge’s score from the final E score is an
error. The reasons for these errors should be divided into two catego-
ries: random and systematic. Random error is usually expressed as
random variation of E-panel judges’ scores around E (or mean) scores;
the smaller this variation is, the higher the reliability.
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Perhaps even more problematic are the systematic errors, i.e. frequent
or consistent (under- or over-grading) departures of scores. They are
usually expressed as the ratio between under- and over-grades
(excluding ties) or as the average departure of a judge’s score from
the E score. The judge with the ratio closest to one or the smallest
mean departure from the E score is considered the most unbiased.
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Many types and reasons for bias of officiating have been hypothesized
and empirically substantiated. Several authors [1,18] have found
(inter)national bias, i.e. higher scoring of gymnasts from the judges’
own country and lower scoring of all others or just the closest
competitors. A similar type of bias, home advantage bias, was also
proven for the 1896-1996 Olympic Games [4]. Others [6,11,12]
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have found substantial overall judges’ bias, i.e. systematic under- or
over-scoring of judges. Several authors have reported sequential order
bias[2,7,14,15,17]1and open feedback / conformity bias [5]. Another
bias was found based on the position of the judge in relation to the
apparatus [16].

The aim of this study was to evaluate overall and national biases
in E-panel judges at one of the most important competitions in
gymnastics, the 4th European Artistic Gymnastics Individual Cham-
pionships for seniors, held during 6-10 April, 2011 in Berlin, Ger-
many. As bias may be sometimes fictitious, i.e. it may actually express
unreliability instead of validity of judging, especially when the number
of competitors is small (e.g. in apparatus finals), reliability of offici-
ating was also evaluated. An additional goal of the study was to
compare the results of this study to official criteria of selecting and
evaluating performance of judging, described in the 2009 FIG Gen-
eral Judges’' Rules [9], and to propose possible modification and
refinement of those rules.

MATERIALS AND METHODS I
E scores for all male gymnasts competing in any session (qualification,
all around and apparatus finals) were obtained from the official book
of results.

For each set of analysis we calculated statistics for the E score,
item (individual judge) and scale (all judges together) scores.
The following reliability and validity measures were calculated: in-
traclass correlation, Cronbach alpha, Kendall coefficient of concord-
ance W, and Armor’s theta coefficient, which is based on the first
(largest) eigenvalue from the principal component analysis of the
correlations between judges’ scores.

Nationality bias was calculated both as number of scores lower/
higher than the final E score and also as the average difference of
the judge’s E score from the final E score. As there were no judges
of the same nationality as competitors in the apparatus final, nation-
ality bias was not evaluated for that session.

Full blinding of the judges involved was undertaken. To protect
the judges’ and countries’ anonymity, we randomly changed their
position in the analysis from the book of results. All data were analysed
with PASW Statistics 18.0.3 whenever possible, otherwise in Micro-
soft Excel.

RESULT S |
Overall judges’ bias. The bias of each judge was expressed as
the (average) difference between the judge’s E score and the final
E score (Figure 1). Most of the biases are within the +/- 0.1 range.
In the qualification round, the largest positive bias (overestimation)
was found for judge #5 (M=+0.14) on floor, while the largest neg-
ative bias (underestimation) existed in judges #5 and #6 on pommel
horse (M=-0.16 and M=-0.15, respectively). In those two judges,
also the standard deviation of the E score difference was high (over
s=0.3), meaning that those judges not only systematically underes-
timated athletes’ performance, but also that their judging was unre-
liable. Unreliable judgment was also found in some other judges with
less biased judgment, e.g. judge #6 on rings and #4 on pommel
horse.

In all-around finals by far the largest bias was shown by judge
#1 on floor, whose absolute value of bias (M=-0.23) even exceeds
the value of the standard deviation (s=0.19). A similar, but even
more extreme case was judge #3 in high bar apparatus finals

TABLE 1. VALIDITY AND RELIABILITY MEASURES OF JUDGING BY SESSION AND APPARATUS

Session apparatus n Kendall W* Cronbach Alpha ICCaverage ICCqingle Armor's theta

qualification Floor 94 0.11 0.98 0.87 0.97 0.98
P. horse 94 0.10 0.98 0.87 0.98 0.98
Rings 93 0.04 0.96 0.79 0.96 0.96
Vault 113 0.01 0.98 0.89 0.98 0.98
Par. bars 92 0.02 0.97 0.84 0.97 0.97
High bar 89 0.06 0.97 0.86 0.97 0.98

“allaround finals ~ Floor % 020 095 o2 094 096
P. horse 24 0.06 0.96 0.79 0.96 0.96
Rings 24 0.07 0.87 0.52 0.87 0.89
Vault 24 0.01 0.98 0.91 0.98 0.99
Par. bars 24 0.10 0.97 0.82 0.96 0.97
High bar 24 0.08 0.96 0.77 0.95 0.96

apparatus finals  Floor 8 024 098 087 098 098
P. horse 8 0.04 0.99 0.93 0.99 0.99
Rings 8 0.22 0.95 0.73 0.94 0.96
Vault 16 0.07 0.98 0.90 0.98 0.98
Par. bars 8 0.20 0.97 0.83 0.97 0.97
High bar 8 0.24 0.97 0.78 0.96 0.97

Notes: * underlined values of Kendall W are significant at alpha=0.05 level
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(M=0.26, s=0.18). Those two judges were the only ones in all three
sessions for whom the (absolute) value of bias exceeded 0.2, while
some other judges were found both in all-around and apparatus finals
whose bias exceeded 0.1. The smallest bias in all three sessions
was found on vault (Figure 1).

In order to evaluate the validity and reliability of judging, several
measures were computed (Table 1). Regarding validity (unbiased-
ness), in apparatus finals Kendall W exceeded 0.2 in all appara-
tuses except pommel horse and vault, but none of these values were
statistically significant at the 5% level, as the number of cases (ath-
letes) in this round is the smallest (i.e. eight, compared to 24 in
all-around finals and around 90 in qualification). Regarding reliabil-
ity, most measures, especially in qualification, are high. The notable
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exception is rings in all-around finals, where Cronbach alpha and
Armor’s theta fall below 0.9, while in all other apparatuses/sessions
they are over 0.95. Similarly, intraclass correlation coefficients on
rings in all-around finals are much lower (ICC,ye5e=0.52,
ICCginge=0.87) than in any other apparatus/session.

National bias

112 out of 775 (14.5%) execution scores were given by a judge
whose nationality (National Olympic Committee) matched the na-
tionality of an athlete. According to the rules, only one judge from
each country is allowed to participate in each apparatus jury. At EC
2011 the number of athlete-judge pairs matching on nationality var-
ied from 10 (on pommel horse) to 22 (on vault) in qualifications and
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from 3 (on floor) to 6 (on pommel horse) in all-around finals. There
were no matching pairs in all-around finals on high bar. Also, no
matching pairs in apparatus finals exist, as they are forbidden by the
rules.

A small, but evident nationality bias exists when analysing all
112 “national” scores (Figure 2). In 77 (69%) cases a judge of
the same nationality as the competitor gave a higher execution mark
than the final E score. In 6 cases the marks were the same, while
only in 29 cases was the “national” judge E score lower than
the final E score.

On average, scores of “national” judges exceed the final E score
by M=0.119 points (Me=0.1, s=0.219), much more so in all-
around finals (M=0.173, n=23) than in qualifications (M=0.099,
n=89). Among the apparatuses, all biases were positive, both in
qualification and in all-around sessions. The highest bias was found
in rings, both in qualification (M=0.17, n=16) and in all-around
finals (M=0.34, n=5), whereas the smallest one was found in
qualification on pommel horse (M=0.05, n=10) and in all-around
finals on vault (M=0.07, n=4).

When considering the countries with more than three competitors
matching the nationality of judges, the bias was above 0.2 (M=0.32,
M=0.27, and M=0.22, respectively) in three out of 14 countries
(Figure 3). Negative bias (underestimation) was found only in
5 countries, all of which had only three or fewer competitors of
matching nationality.

DISCUS SIOIN /1
In this study, we report the biases and reliability indices at one of
the highest ranked male gymnastics competitions. Since different
kinds of bias have been well known and documented for decades
and the European Championship is one of the most important
competitions, one would expect that nowadays bias in officiating
would be minor or non-existent. Contrary to this expectation, both
types of bias were found in our study.

Overall biases, expressed as the mean difference of judges’ E score
from the final E score, fell in most cases within the +/- 0.1 range
and only in two cases exceeded 0.2 points. Even though these bi-
ases may seem small, they are relatively large when compared to
the small variability of individual E scores for a single competitor.
Besides this, since the differences in final E scores between com-
petitors are generally small, even small biases may result in
a change of competitor’s rank in the result list, which is most prob-
lematic for the medal positions.

It seems that biases are somewhat higher in apparatus finals than
in qualification and all-around finals. However, as there are only eight
competitors in event finals (compared to almost 100 in qualification
and 24 in all-around finals), it is hard to conclude that in general event
finals are the most biased session. This fact is also expressed in the
Kendall W coefficients, which are highest in event finals, although
none of them is statistically significant, while 4 coefficients in quali-
fication and two in all-around finals were significant at the 5% level.

Although overall bias of most judges is small, in some cases it is
substantial. On floor in all-around finals one judge underestimated
execution on average by 0.23 point; in 22 out of 24 cases his scores
were lower than the final E score and in 14 cases they were
the smallest among all the judges. However, only three of his scores
were outside the deviation from the E score allowed by the 2009
FIG General Judges’ Rules [9] (Table 2), so according to those rules
this judge's officiating was marked as good, i.e. on the third level of
a five-level scale, so no actions — not even a verbal warning — were
taken against him. Similarly, average underestimation of M=0.26
was found for one judge in apparatus finals on high bar. Out of
8 scores, in only one case was his grade equal to the final E score,
while in four cases his grade was the smallest among the six judges.
Again, no actions were taken against this judge; on the contrary,
as none of the scores of this judge were outside the allowed deviation
from the final E score, his officiating was marked as excellent.

TABLE 2. FIG ALLOWED DEVIATION BY JUDGE ACCORDING TO
FINAL E-JURY SCORE [9]

E-JURY DEDUCTION TOLERANCES

fing?/?er:jisétison Score devia'toi\gcr)\“tl)e)}/djudge

0-0.40 9.60 - 10.00 0.10
>0.40-0.60 9.40 - 9.60 0.20
>0.60 - 1.00 9.00-9.40 0.30
>1.00-1.50 8.50 - 9.00 0.40
>1.50-2.00 8.00 - 8.50 0.50
>2.00 - 2.50 7.50 - 8.00 0.60
>2.5 <7.50 0.70

Comparing the apparatuses, by far the smallest biases were found
in vault. This is probably not a surprise as officiating on vault seems
most simple because only one “element” needs to be evaluated.
Scores for vault were found not only most unbiased, but also most
reliable. The highest bias was found on floor. Again, it seems this
finding is associated with the number of elements usually found in
floor exercises, which is highest among all the apparatuses.

Overall bias was rarely computed in previous studies. In a study
of the data from the University Games 2009, a competition ruled by
the same Code of Points as the European Championship 2011,
although there were only four judges in qualification and all-around
finals, LeskoSek et al. [12] found similar overall bias in qualification
and all-around finals. In those sessions the average of absolute val-
ues of biases was between 0.05 and 0.06 in both competitions.
In apparatus finals, in which six judges were officiating in both com-
petitions, this average was much higher in Belgrade 2009 (M=0.087)
than in Berlin 2011 (M=0.059) competitions. Differences between
these two competitions also exist in biases on different apparatuses.
While in Berlin 2011 biases on vault were the smallest between all
the apparatuses and biases on the floor were among the highest,
no such consistency was found in the Belgrade 2009 data;
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e.g. in qualifications by far the highest biases were found on rings,
followed by vault. However, also in Belgrade vault had the smallest
biases in all-around finals and event finals. On the basis of these
data and regarding the European Championship as a much more
important competition than the University Games, we may speculate
that on one hand overall bias is partly random (depending on
the selection of a particular panel of judges) and partly apparatus
dependent (with the smallest biases on vault and probably the high-
est on floor); it is worth noting that in doubtful situations judges have
to decide what amount of error will be deducted, small (0.1):me-
dium (0.3) or medium (0.3):big (0.5) [13], which could also be
a basis of bias.

Available data do not allow us to estimate the consequences of
overall judge’s bias on competitor performance, i.e. the rank achieved
on a result list. If a bias is a result of a consistent under- or over-
scoring of all or the majority of competitors, for example as
a result of overall strict (rigorous, severe) or mild (lenient, easy)
judging, this should only affect competitors’ scores but not their
ranks. However, if a judge’s bias is a result of e.g. over-scoring of
a small group of competitors (of the same nationality, home com-
petitors, stars etc.) on one hand and under-scoring of a large group
of competitors (of different nationalities, not from the home country,
rookies etc.) on the other, this would result in a change of both the
score and the rank. It should also be noted that even if with a par-
ticular judge there is no overall bias found, it does not guarantee
an absence of different specific biases, e.g. sequential order bias,
which is defined by under-scoring at the start of competition and
hidden by over-scoring later on.

The second type of bias, national bias, was greater than
the overall judge’s bias. In many cases average over-scoring of
a competitor from the same country as the judge exceeds the final
E score by more than 0.1 point and even 0.2 point. Although this
result may be somewhat unreliable due to the small number of
competitors, a consistently positive bias was found in all appara-
tuses and in both sessions (qualification, all-around finals) and also
from judges from all countries with more than three competitors of
the matching nationality. The results found may also be considered
statistically significant, as the probability for 77 or more over-scores
in 112 independent (unbiased) “trials” is close to zero (p<0.001).

The results of the study are concordant with previous studies of
national bias, although it seems that the bias is becoming smaller.
Even though (due to changes made to the Code of Points) the results
may not be directly comparable to the Berlin 2011 event, in men’s
results at the Olympic Games 1984, Ansorage & Scheer [1] found
160 (81%) over-scores, 17 under-scores and 21 ties in final scores,
compared to 77 (69%) over-scores, 29 under-scores and 6 ties
at the European Championship 2011. Note that biases found in
the 1984 Olympics might have been even greater if there had been
no boycotts from most Eastern bloc countries.

In contrast to overall bias, there is no doubt about the conse-
quences of national bias. In the qualification session, it is obvious
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that national bias may influence qualifying for apparatus finals.
In all-around finals the consequences are not so dramatic, as all 36
judges were of different nationalities, and all the competitors except
one were judged by one and only one judge of the same nationality.
As the Code of Points [8] does not allow judges of the same nation-
ality in apparatus finals, no national bias (as defined here) exists in
that round. But again, similar kinds of bias (e.g. neighbouring coun-
tries, countries with the same or similar political, ethical or religious
structure, etc.) may still exist in any session of the competition.

As bias may be inflated by unreliable officiating (especially in
apparatus finals, where only eight competitors take part), reliability
indices were also computed. However, it was found that reliability
was high. With the exception of rings in all-around finals, all Cronbach
alpha and intraclass correlation coefficients were higher than 0.94.
These indices are in concordance with those found at the World
Championship in London 2009 [3], where all Cronbach alpha coef-
ficients were at or above 0.94.

CONCLUSIONS I
The scores given to male gymnasts at the European Championship
2011 clearly reveal both types of biases examined, i.e. overall and
national bias. Although those biases are generally small, they are
consistent and statistically significant. Regardless of whether the biases
are conscious and intentional or not, it is evident that the pledge of
complete impartiality is not fully secured at this and probably at most
other gymnastic events.

According to the current (2009) rules, officiating of judges is
evaluated solely on the number of excessive deviations from the final
E score. This study showed that high (good and excellent) grades
were given even to judges with obviously poor officiating. Therefore,
FIG should consider introducing more stringent criteria for evaluating
officiating and probably also for obtaining a specific judge category
(brevet). Additionally, in order to reveal overall, national and other
types of bias, further criteria should be introduced into FIG judges’
evaluation system beside the number of excessive deviations.

In this study we quantified and explained the causes and conse-
quences of biases in officiating at one of the most important gym-
nastic events. But in some cases, available data and former studies
do not allow us to fully evaluate all possible biases. Therefore further
studies are needed for such evaluation, and rule changes are need-
ed to minimize the impartiality in gymnastics officiating.
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