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Abstract

With the development and advancement of technology, various types of high-tech auxiliary equipment have been gradually

introduced into football matches to assist referees to officiate the game. The Chinese football Super League (CSL) introduced

the video assistant referee (VAR) in the 2018 season. The purpose of this study is to explore the impact of the introduction of

VAR on football matches and on referees’ performance. This study compared the data of all 240 games without VAR in the

season 2017 and all 240 games with VAR in the season 2018 using Generalized Linear Model (GLM) and means comparison.

The following match variables were considered: goals, penalties, red cards, yellow cards, fouls, offsides, playing time in the first

half, playing time in the second half and total playing time. The study found that: 1) After the introduction of VAR, the number

of offsides and fouls in the Chinese Super League dropped significantly (p< .001); 2) the playing time in the first and second half

and the total playing time increased significantly(p< .001); 3) after the introduction of VAR, the home team advantage

decreased slightly. The research result can help to better understand the impact of VAR on professional football, especially

on the Chinese football Super League, it can also help referees to optimize their refereeing strategy.
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Introduction

In football, referees are required to make rapid decisions

while considering several sources of information.1

Football referee decisions might be affected by many

factors, such as crowd noise, social pressure, match sit-

uations, strength of the teams and so on.2–7 During inter-

national matches, referees need to make more than 130

observable decisions.8 As a result, referee incorrect judge-

ments during matches are relatively frequent and may

have a direct impact on the final result. Furthermore,

these judgements can have significant financial implica-

tions for clubs, managers and players.8,9 Hence, referees

need to improve the accuracy of the judgements.
With the development of football, the pace of the game

has improved significantly, making it more and more dif-

ficult for referees to make correct judgments. In the high-

speed gameplay, the referee’s vision is very often blocked

by the players on the field.10 In order to make up for the

referee omissions and misjudgments due to their perceived

limitations, various types of high-tech auxiliary equipment

are being gradually introduced into some sports to assist

referee officiating processes.9,11,12 This technical

equipment can be divided into three types. The first type
is to support the referees in decision making, the second
type is to replace the referee decisions and the third type is
to help the referees to enforce the rules of a particular
sport.9 VAR belongs to the first category.

The overriding philosophy of VAR technology is
“minimum interference, maximum benefit.”13 The
VAR team supports the decision-making process of
the referee in four game-changing situations: goals
and offences leading up to a goal; penalty decisions
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and offences leading up to a penalty; direct red card
incidents only; and mistaken identity.

The use of VAR to assist the referee is as follows14:

1. When an incident occurs, the referee informs the
VAR, or the VAR recommends to the referee that
a decision/incident should be reviewed.

2. The video footage is reviewed by the VAR, who
advises the referee via headset what the video shows.

3. The referee decides to review the video footage on
the side of the field of play before taking the appro-
priate action/decision, or the referee accepts the
information from the VAR and takes the appropri-
ate action/decision.

At present, VAR has been used in many national
and international games. In the 2018 World Cup,
VAR enhanced referee correct judgement rate from
95% to 99.32%.15 In the Chinese football Super
League (CSL), implementing VAR improved the accu-
racy of judgement, enhanced competitiveness16 and
bettered a fan’s watching experience.17

However, there have been some disputes over the
use of VAR. The main criticism is that VAR’s video
playback technology interrupts the game, which may
affect the smoothness and rhythm of the game to a
certain extent, especially when the game is played in a
cold weather.18,19 In addition, the introduction of VAR
technology may cause referees to rely too much on
VAR, challenging their authority during the game
and reducing the players’ trust in referees. It may also
hurt the referee’s confidence or create a psychological
repulsion, which is not conducive to improving referee
judgements.20,21 Furthermore, the introduction of
VAR may increase the cost of the league and add
more financial burden to the clubs.16

Given that it remains unclear to what extent video
replays can help referees during a match,22 the aim of
this study was to explore the impact of the VAR on the
CSL. Three hypotheses are suggested: 1) after introduc-
tion of VAR, the playing time in the first half and the
second half increased and the number of yellow and red
cards decreased; 2) there was no statistical difference
between the number of fouls, offsides, penalties and
goals; and 3) after the introduction of VAR, the home
advantage decreased, which means that home teams
‘number of fouls, offsides, red and yellow cards increased
and the number of goals and penalties decreased.

Methods

Data and samples

The sample includes all 480 games played in the CSL
during the 2017 and 2018 seasons. VAR was officially

launched in the 2018 season. Therefore, a sample of 960
team performance data of the two seasons before and
after the launch of VAR were analysed.

Indicators selection and data collection

According to previous studies,23–25 variables that are
closely related to the referee judgements in each game
were considered: goals, penalties, red cards, yellow
cards, fouls, offsides, playing time in the first half
time, playing time in the second half and total playing
time.

Match statistics were retrieved from the website of
“Whoscored” (www.whoscored.com). The inter-
operator reliability of the company’s observational
system (OPTA Client System) used to collect football
match statistics was identified as reliable reaching an
acceptable level of Kappa, ICC, r and SEM values.26

Ethics committee approval of the current study was
gained from the local University.

Data analysis

All data were imported into SPSS (ver.22.0) and JASP
(ver. 0.11.1) for analysis and the statistical significance
was set to p < 0.05. Firstly, an independent-sample T
test was conducted to compare the differences between
the selected variables of the two seasons with and with-
out VAR. Standardized mean differences (SDMs) were
used and the effect thresholds were determined as:
slight differences (0-0.2), small differences (0.2-0.6);
moderate differences (0.6-1.2), large differences (1.2-
2.0), and great differences (>2.0).27 In the second
step, a generalized linear model (GLM) was estimated
to investigate if the introduction of VAR has significant
effects on referee judgements. It can be specified as
follow

Yi ¼ b0i þ b1i � VARþ b2i �Match Location

þ b3i � VAR �Match Locationþ ei
(1)

where Yi represents 6 variables that are closely related
to the referee’s judgements for a specific team in the i-th
game (i.e. goals, penalties, red cards, yellow cards, fouls
and offsides). The three indicators of playing time were
not included in these models since the playing time are
the same for home and away teams. VAR is a dichot-
omous variable which equals to one if VAR was intro-
duced in the given game and zero otherwise.
Meanwhile, Match Location is another bivariate vari-
able that equals to one if the observed team played at
home and zero if it played away. In addition, as the
effects of VAR on the dependent variable Yi may also
be affected by Match Location, the interaction term of
these two explanatory variables was involved in the
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model to reflect the potential relationship between
them. b0i represents a constant term and b1i, b2i, b3i
are the coefficients to be estimated in the model. ei is
a random error.

It is worth mentioning that a simple GLM with
VAR as the only one regressor was applied to test if
VAR has direct effects on all variables prior to the
further analysis. Moreover, in order to determine the
link function and distributional family for the GLMs,
before estimating them the distribution of the depen-
dent variable Yi was tested. It was found that the pen-
alties and red cards are subject to the Poisson
distribution, the three indicators of playing time are
subject to the normal distribution and the remaining
indicators are subject to the negative binomial distribu-
tion. Therefore, the corresponding specifications for
the generalized linear models were adopted respectively
for data analysis in this paper.

Results

Descriptive statistics of all variables in seasons without
and with VAR are presented in Table 1. There was a
significant decrease in the number of fouls and offsides
after the implementation of the VAR (p < 0.001).
Meanwhile, there was an increase in the number of
minutes added to the playing time in the first and
second half and the full game (p < 0.001).

Table 2 lists the estimated results of the generalized
linear model. It can be seen that the regression coeffi-
cients of “whether to introduce VAR” are significant in
the offsides, total playing time, playing time in the 1st
and 2nd half equations, indicating that the introduc-
tion of VAR has a statistically significant impact on
these four indicators. The meaning of the sign (positive
or negative) can be interpreted that the number of off-
sides in the league significantly reduced and both the
first half, the second half and the total length of the
games significantly extended after the introduction of
VAR.

Table 3 lists the estimated results of the generalized

linear model. It can be seen that the regression coeffi-

cients are significant in the two equations of fouls and

offsides when the VAR is introduced. However, the

introduction of VAR has no significant impact on the

changes of other indicators. The linkage between

the introduction of VAR and home team advantage

is not strong.
Figure 1 shows the difference of the estimated mar-

ginal means (calculated from the estimated results of

the GLMs with 95% confidence interval) between

home and away games before and after the introduc-

tion of VAR in the CSL. In the 2017 season (no VAR),

the home teams’ goals and penalties were significantly

higher than the visiting teams and the three defence-

related indicators (fouls, yellow cards and red cards)

were significantly less than the visiting teams. In the

2018 season (with VAR), the number of goals and pen-

alties at both home and away matches increased, while

the number of fouls and offsides decreased. Still, the

home teams scored more goals and obtained more pen-

alties than away teams. the number of red and yellow

cards for home teams increased, while the number of

red and yellow cards for away teams had a downward

trend.

Discussion

Different technological officiating aids have been intro-

duced progressively in football. The VAR system is one

of them. This study explored the influence of the intro-

duction of VAR on the CSL from the perspective of

team performance. The study found that: 1) After the

introduction of VAR, the number of offsides and fouls

in the CSL dropped significantly; 2) the playing time in

the first and second half and the total playing time

increased significantly; and 3) after the introduction

of VAR, the home team advantage has a downward

trend.

Table 1. Changes of indicators before and after the introduction of VAR.

Mean

t df p Cohen’s d

95% CI for Cohen’s d

No VAR (2017) VAR (2018) Lower Upper

Goals 3.050 3.200 �0.895 478 0.371 �0.082 �0.261 0.097

Penalties 0.350 0.375 �0.461 478 0.645 �0.042 �0.221 0.137

Red Cards 0.188 0.208 �0.526 478 0.599 �0.048 �0.227 0.131

Yellow Cards 3.975 3.896 0.462 478 0.644 0.042 �0.137 0.221

Fouls 31.983 29.592 4.034 478 <.001 0.368 0.188 0.549

Offsides 4.517 3.750 3.676 478 <.001 0.336 0.155 0.516

Playing Time 1st half 46.712 47.121 �4.470 478 <.001 �0.408 �0.589 �0.227

Playing Time 2nd half 48.967 49.508 �4.320 478 <.001 �0.394 �0.575 �0.214

Total Playing Time 95.679 96.629 �5.812 478 <.001 �0.531 �0.712 �0.348
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A significant change after the introduction of VAR

was the reduction in the number of offsides. This was

probably because the assistant referees tried to avoid
misjudgments leading to the loss of scoring opportuni-

ties. Therefore, referees perhaps prefer not to make a

judgment when they were not completely sure about

the offside fouls,28–30 because if a goal was scored,

the offside can be also confirmed by VAR. This will

make assistant referees dependent more on VAR tech-
nology, resulting in a significant reduction in offside

decisions. From the perspective of the offensive team,

this situation will encourage the offensive players to

Table 2. Estimation results of the generalized linear model (GLM).

Goals Penalties Red Cards

Yellow

Cards Fouls Offsides

Total

Playing

Time

Playing

Time

1st half

Playing

Time

2nd half

Whether to

introduce VAR

0.048 0.069 0.105 �0.020 �0.078 �0.186** 0.950*** 0.408*** 0.542***

Constant term 0.422*** �1.743*** �2.367*** 0.687 2.772 0.815*** 95.679*** 46.713*** 48.967***

Significant level：***p<0.01 **p<0.05.

Table 3. Testing whether the impacts of the introduction of VAR are affected by match location using GLM.

Goals Penalties Red cards Yellow cards Fouls Offsides

VAR (b1) 0.059 0.092 �0.136 �0.061 �0.095*** �0.117**

Match location (b2) 0.303*** 0.536** �0.901*** �0.189*** �0.063*** 0.092

VAR*MATCH location (b3) �0.020 �0.0378 0.660 0.089 0.034 �0.137

Constant term (b0) 0.259*** �2.047*** �2.015*** 0.777*** 2.803*** 0.767***

Significant level: ***p<0.01. **p<0.05.

Figure 1. Changes of indicators of home and away game before and after the introduction of VAR.
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run through the opponent’s defending line in advance.
Since the worst result is to be ruled offside, the offen-
sive players will be more active to make penetrating
passes, which will increase scoring chances and goals
objectively. This study also found that the number of
fouls decreased after the introduction of VAR. This is
probably because VAR monitored the entire stadium
with minimum of 12 cameras so the movement trajec-
tory of each player and even the “tiny” contact parts of
both players can be clearly shown on the video
screen,21 which constrains the players’ malicious
fouls. Because VAR allows referees to watch the
video, players need to pay more attention to their
actions and behaviours when defending.25

Lago-Pe~nas et al.25 found in the German Bundesliga
and Italian Serie A that the playing time of the first half
and total playing time increased after the introduction
of VAR, while the number of yellow cards, fouls and
offsides were reduced. These findings are basically con-
sistent with the results of this study. The increase in
playing time is largely due to the suspension of the
game when VAR is involved. In this process, the referee
needs to watch the video and communicate with the
video assistant referees and make the final decision.
This process will consume more time than the matches
without VAR. In the 2018 season, in the first round of
the CSL, Tianjin TEDA FC against Hebei CFFC, the
visiting team’s striker Lavezzi was tripped in the oppo-
nent’s penalty area. The referee watched the video and
communicated with the VAR for 6 minutes. In the
second round of the 2018 season, Guizhou Hengfeng
vs. Hebei CFFC, the referee checked 3 goals through
VAR, resulting in a 10 minutes 44 seconds extra play-
ing time. Therefore, some studies have suggested that
the use of VAR or similar video-assisted technologies
undermine the coherence and fluency of the game. The
football game has become fragmented and the artistic
charm of football has been seriously damaged due to
VAR.18,31

This study found that the introduction of VAR may
reduce the home team advantage and referee bias to
some extent. According to the previous findings, the
referees can be influenced by home games2 and the
density of the home audience will affect the referees
‘mentality when they make judgements,32 leading to
the referees’ decisions in favour of the home team.33

There are also home team advantages in the CSL.34,35

This study found that the number of offsides by the
home team dropped significantly after the introduction
of VAR and became lower than the visiting team. This
phenomenon was largely related to the psychology of
the assistant referees when they officiated the match.
The first reason has been mentioned above. The assis-
tant referees were unwilling to raise the flag premature-
ly. The second reason was that referees were affected by

the atmosphere of the home game, which objectively

exacerbates this referee’s behaviour.
Before the introduction of VAR, the home teams

were better than the away team in almost all indicators,

especially higher in goals, lower number of fouls, red

and yellow cards. After the introduction of VAR in the

2018 season, the number of fouls, red and yellow cards

of the home and away teams were of no significant

difference. Although the number of goals and penalties

of the home team were still higher than the visiting

team, it can be speculated that the home team was

more familiar with the stadium and environment,

played with the support of a large number of fans

and the players had a strong momentum and were

more eager to win,36 so they had more courage to

commit offense.
Although VAR appears to improve the accuracy of

judgements and makes the game fairer, the long-term

impact of VAR on football matches should be further

studied from all aspects. In the future, referee opinion

about VAR should be included and psychological

researches about the VARs should be conducted.

Moreover, other variables related to VAR such as

team playing style, reputation and situational variables

should be considered as well.

Conclusion

The introduction of VAR has brought subtle changes

to the Chinese football Super League (CSL). The

changes are 1) the offside and fouls in the Chinese

Super League dropped significantly; 2) the playing

time in the first half, second half and the total playing

time increased significantly; 3) VAR technology inhib-

ited the home team advantage to some extent.
This study can help relevant professionals to better

understand the impact of VAR on professional football

leagues, especially in the CSL and it is possible to opti-

mize referees’ officiating strategies. In general, VAR

makes the game fairer and the player’s foul behaviours

are restrained. The referee’s judgements are more

objective and it is no longer easy to perform artificial

match manipulation. The increase in playing time and

the decrease in offsides are the inevitable effects of the

current level of VAR technology. With improvements

in VAR technology and VAR rules, when VAR deci-

sions and feedback become faster and more accurate,

football matches will certainly be more exciting.
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