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ABSTRACT
The use of technology has been proposed to improve decision-making in sport officials. The implemen
tation of the video Assistant Referee (VAR) in association football is one example of how technology can 
be used to assist decision making, although its impact remains unknown. In 2195 competitive football 
matches across 13 countries, the VAR conducted 9732 checks for potential match-changing incidents, 
with the median duration of a check being 22 seconds. The checks resulted in a total of 795 reviews, with 
a median duration of 62.0 s for on-field reviews (N = 534) and 15.0 s for VAR-only reviews (N = 261).We 
report that the predictive odds for making the correct decision after VAR intervention were significantly 
higher than for the initial referee’s decision, with accuracy increasing from 92.1% to 98.3%. Findings have 
implications for the current debate about the introduction of technology in association football and may 
help set guidelines regarding the use of technology across other sports and professional domains.
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Over the last decades, athletes and coaches have become 
obsessed with crossing boundaries, setting new records, and 
getting better, faster and stronger (Coutts, 2016). The develop
ment of evidence-based practices and innovations has become 
a necessity to be successful in elite professional sports. Sport 
officials have the important responsibility of managing sport 
competitions at the highest level of play in a fair and accurate 
way (D. R. Mascarenhas, Collins, Mortimer et al., 2005). Their 
performance might influence the success of athletes and teams 
with huge social and economic impact. Over the past few years, 
governing bodies have been ensuring that referees, like ath
letes, are provided with the best support. In particular, officials 
have been allowed to use advanced technological tools in 
almost every competitive sport. For instance, ball-tracking cam
eras are used in tennis, association football and cricket to 
analyse the ball’s trajectory and verify whether the ball was in- 
play, crossed the goal line or a batter should be given out. 
Moreover, officials in sports like basketball and American foot
ball have access to instant replays of situations to review their 
decisions. These technological innovations help support deci
sion making in officials, increasing accuracy (Leveaux, 2010). In 
association football, the laws of the game 2018–2019 included 
the introduction of the video assistant referee (VAR). We inves
tigate the introduction of the VAR in association football and 
the impact it has had on decision accuracy and the temporal 
flow of the game.

In association football, referees are required to make rapid 
decisions while considering several sources of information 
(D. R. Mascarenhas, Collins, Mortimer et al., 2005; J. Spitz et al., 
2016). Scientists have highlighted the possible biasing 

influences that can occur across different steps in the decision- 
making process (Plessner & Haar, 2006). An incorrect decision 
can arise because the referee simply did not see the incident 
(misperception). Moreover, it appears that sport officials 
include the context of the situation to make a judgement. 
The laws of the game leave room for interpretation and 
researchers have shown that referees may be influenced by 
crowd noise (Nevill et al., 2002), home advantage (Unkelbach 
& Memmert, 2010), and previous decisions (Plessner & Betsch, 
2001). Other contextual dimensions such as a team’s aggressive 
reputation (Jones et al., 2002), or physical appearance (Van 
Quaquebeke & Giessner, 2010) can play a role and bias the 
decisions of referees. The decisions made by referees are there
fore not 100% correct and the VAR has been introduced to 
correct clear and obvious errors for possible match-changing 
incidents, such as goals, penalty decisions, direct red cards and 
mistaken identity. The VAR can intervene when an erroneous 
decision results from one or more steps in the decision-making 
process (Plessner & Haar, 2006): attention and perception (e.g., 
when a serious incident in the penalty area was missed or the 
referee did not see whether the ball crossed the goal line or 
not); information processing and categorization (e.g., when 
a serious foul play was wrongly categorized as a yellow card 
instead of a red card); and the behavioural response (e.g., when 
an incident was well perceived and categorized but the yellow 
card was given to the wrong player, which is labelled as mis
taken identity).

According to the protocol, the VAR, assisted by a replay 
operator, checks all video feeds and replays of match- 
changing situations. If a check reveals that the referee or 

CONTACT Jochim Spitz jochim.spitz@kuleuven.be Department of Movement Sciences, Laboratory of Perception and Performance, Movement Control and 
Neuroplasticity Research Group, University of Leuven (KU Leuven), Leuven B – 3001, Belgium

JOURNAL OF SPORTS SCIENCES                        
2021, VOL. 39, NO. 2, 147–153 
https://doi.org/10.1080/02640414.2020.1809163

© 2020 Informa UK Limited, trading as Taylor & Francis Group

http://orcid.org/0000-0002-2334-8734
http://orcid.org/0000-0001-7066-8127
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/02640414.2020.1809163&domain=pdf&date_stamp=2021-01-13


assistant referee made a clear and obvious error, the VAR 
recommends that the referee reviews/changes the initial deci
sion. A factual decision, for example, an offside incident before 
a goal, can be changed based only on the information from the 
VAR. This is called a VAR-only review. For subjective decisions 
such as red cards, the main referee can review the footage 
directly on a monitor near the pitch before making a final 
decision (on-field review).

The use of technology can improve the accuracy of deci
sions for situations that require temporal (exact moment) and 
spatial (where is the ball, where is the player?) precision. For 
example, previously researchers have reported the usage and 
success rate of ball-tracking technology in tennis and other 
sports (Kolbinger & Lames, 2017). Carboch et al. (2016) showed 
that 27% of the challenges made in top tennis tournaments 
were line umpire errors with an average error size of 33.2 mm. 
These errors can be corrected by technology. Moreover, Myint 
et al. (2015) showed that the possibility of misjudgement in 
a table tennis game can be reduced by means of technology 
which captures the position of the ball and table. This approach 
can be generalized to other clear-cut situations in sports where 
errors can occur as a result of limitations in human perception; 
whether a ball hits the foot in field hockey or whether a player 
is in an offside position at the moment of the pass in associa
tion football.

However, it remains unclear to what extent video replays 
can help referees during a match when decisions require rule 
interpretation and application (Helsen et al., 2019). The VAR in 
association football can intervene in four situations which are 
not clear-cut. In this study, our first aim was to investigate the 
impact of the VAR on referees’ performances (i.e., whether or 
not the interventions of the VAR improve the accuracy of 
referees’ decisions). Previously, researchers have shown that 
referees can benefit from slow-motion video, repeated view
ings and different viewing perspectives (Pizzera et al., 2016; 
J. Spitz et al., 2017). On the other hand, researchers have 
shown that slow motion can make a particular incident or 
offence seem more pre-meditated than it actually might have 
been and can, for example, change the disciplinary sanction 
from a yellow card into a red card (Caruso et al., 2016; J. Spitz 
et al., 2018). Such findings help provide guidelines regarding 
the use of slow motion within the VAR protocol. In the current 
study, we analysed the initial and final decisions (after VAR 
intervention) of the referees on the field of play and predicted 
that referees would make more accurate decisions after the 
intervention of the VAR compared to before.

A secondary aim was to examine the number and duration 
of interventions by the VAR per match. Technological advance
ments need to fit the demands of the sport since the typical 
“flow of the game” can be negatively impacted (Ryall, 2012; 
Svantesson, 2014). The laws of the game restrict the interven
tions of the VAR to match-changing incidents: goals; penalty 
decisions; direct red cards; and mistaken identity. Moreover, 
VARs only need to intervene in cases of clear and obvious errors 
and previous published reports suggest that the accuracy 
scores of referees for a selection of incidents during real 
games range from 64% to 77% (Gilis et al., 2006; 
D. R. Mascarenhas et al., 2009). Given the low number of poten
tial reviewable decisions per match (Boyko et al., 2007), and an 

expected high accuracy score for the referee’s initial decisions, 
we predicted that the number of interventions for clear and 
obvious errors would be limited with a maximum benefit in 
terms of accuracy. This prediction would be reflected in a low 
number of reviews across all matches and an increase in deci
sion accuracy after VAR intervention.

Methods

Data collection

After approval by the ethics committee of the Katholieke 
Universiteit Leuven in Belgium (G-2015 04 218), data were 
collected from 2195 matches across 13 national football asso
ciations (Australia, Belgium, China, Czech Republic, England, 
France, Germany, Italy, The Netherlands, Poland, Portugal, 
South Korea and USA). All countries organized competitive 
matches employing the VAR during the 2016/2017 and/or 
2017/2018 season (from 1st of January 2017 until 1st of 
June 2018). The use of the VAR was only permitted in compe
titive matches where the national football association fulfilled 
all the VAR protocol and implementation requirements as set 
out in the VAR handbook of the International Football 
Association Board (the IFAB). The VAR operational protocols 
are the same for each national football association 
(Fédération Internationale de Football Association, 2019).

Before introduction of the VAR in the respective competi
tion, a conference call was set up and the VAR project man
agers, appointed by the competition organizers, received 
a detailed document with all the relevant information related 
to data collection. The 13 VAR project managers received an 
individual login to an online platform for data collection. This 
online platform was specifically developed for uploading 
videos with accompanying questionnaires in a secure environ
ment (www.thirdlight.com; www.surveygizmo.com). The pro
ject managers were required to upload the video clips from 
all the checks and reviews within 72 hours after each match 
that was played with VAR. A detailed description of the defini
tion of a check and review was provided to the project man
agers to be sure that all the relevant clips were uploaded. After 
uploading the video clips, the project managers provided gen
eral match information and all the relevant information related 
to the checks/reviews via a standardized online questionnaire. 
This questionnaire consisted of 24 questions related to the 
accuracy, duration and impact of the checks and reviews. To 
ensure that all data were provided in a correct and consistent 
way by the VAR project managers of all countries, the informa
tion from the questionnaires was verified and checked weekly 
against the information visible in the uploaded video clip and 
general match data available online (www.wyscout.com).

The members of the national referees committee were 
asked to independently determine the reference decision for 
each situation according to the laws of the game (Fédération 
Internationale de Football Association, 2017, 2018). The refer
ees committees varied in size, but each committee had 
a minimum of 5 and a maximum of 10 members. Decision 
accuracy was only calculated for those decisions with complete 
agreement by the experts on the referees committee. The laws 
of the game leave room for interpretation and therefore certain 
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situations for which 100% agreement was not reached by the 
referees committee members, were classified as “grey zone” 
situations. These grey zone situations were checked by the 
Technical Director of the IFAB to ensure consistency across 
national associations and they were not included in the accu
racy analysis.

At least 80% of the national referees’ committee members 
must have at least five years of experience as refereeing spe
cialists and their decisions can be considered as the golden 
standard for refereeing decisions within a country. When intro
ducing the VAR in the respective competition, the national 
referees committees were reminded of the guideline to only 
use slow-motion video for the determination of ball out of play 
(including goal/no goal), “point of contact” for physical 
offences and handball. Normal speed should be used to evalu
ate the “intensity” of an offence or to decide if a handball was 
“deliberate” (Fédération Internationale de Football Association, 
2019).

Dependent variables and statistical analysis

All checks and reviews related to the four categories described 
in the VAR handbook were analysed: goals; penalty decisions; 
direct red cards; and mistaken identity. Goal situations were 
only included in the analysis if the referee had to make 
a decision in the build-up to the goal for a potential offside 
position, a ball in/out of play, or an offence by the attacking 
team.

Decision accuracy
The correctness of the decision was determined separately for 
the initial decision of the referee (initial decision accuracy) and 
the final decision after possible intervention of the VAR (final 
decision accuracy). Accuracy scores were calculated as the total 
number of correct decisions (in percentage), that is, decisions 
that were in correspondence with the reference decision of the 
national referees committee.

Duration of checks and reviews
The check duration relates to the time needed by the VAR team 
to check the incident and determine whether a review needs to 
take place. According to the VAR protocol, the review process 
commences once the main referee clearly indicates this by 
outlining the shape of a TV screen with both hands and ends 
when the final decision is given by the referee. The referee has 
the option to do a VAR-only review, where the final decision is 
based only on the communication with the VAR, or an on-field 
review, where the main referee reviews the footage on 
a monitor near the pitch. The guideline in the VAR protocol is 
that on-field reviews should not be needed for factual decisions 
such as the position of an offence or player (e.g., offside), point 

of contact on the body for handball and ball out of play in the 
build-up to a goal. The review duration was determined sepa
rately from the check duration.

Statistical analysis
We examined the odds for accurate initial and final decisions 
using a logistic regression model. In this analysis, each situation 
contributed both an initial and final (after potential interven
tion of the VAR) decision of the referee. The decisions were not 
statistically independent because referees had more than one 
decision. To account for this latter factor, we used a random 
effects model, with a random term for the referee, fitted using 
the NLMIXED procedure with the use of the Dual Quasi-Newton 
optimization algorithm and Gaussian quadrature in Statistical 
Analyses Software 9.4 (SAS Institute Inc., Cary, NC): 

log
μ

1 � μ

� �

¼ αþ β � decisionþ b 

In this mixed model, we have one fixed effect (β) for the type 
of decision (initial/final) and one random effect (b) for the 
specific referee. Based on the model, the proportions of the 
correct initial and final decisions were estimated. Finally, 
descriptive statistics (frequency, median and interquartile 
range (IQR)) were used for the number and duration of the 
checks and reviews.

Results

Decision accuracy

There were 9732 checks in total across 2195 matches. 
Altogether, 638 situations were classified as grey zone areas, 
that is, decisions for which there is no clear reference decision 
(i.e., more than one decision could be supported). There were 
99 reviews for grey zone incidents and the referee changed the 
initial decision 44 times (7% of all grey zone incidents).

The referee’s initial decision was correct in 8376 of the 9094 
clear situations, yielding a decision accuracy of 92.1%. After 
intervention of the VAR, 8942 of 9094 situations were correct, 
yielding an accuracy score of 98.3%. Table 1 lists the random 
effect model parameters, their maximum likelihood estimates, 
standard errors and inferential statistics.

The parameter estimates indicate that there was 
a significant effect for the type of decision (t(250) = −17.98, 
p < 0.0001), such that the predictive odds to make the correct 
decision “final” (i.e., after a possible intervention of the VAR), 
was significantly higher than the initial decision. The odds ratio 
for success for the initial decision compared to the final deci
sion was 0.19 (95% CI [0.16–0.23]).

In 585 out of the 718 incidents with incorrect initial decisions 
(81.5%), the decision was reviewed and 577 of these decisions 
were corrected. In 111 out of the 8376 incidents with correct 

Table 1. Random effect model parameter estimates.

Parameter Estimate SE (95% CI) t -value p Gradient OR

α 4.1375 0.0927 (3.9549; 4.3200) 44.64 <.0001 −0.00050
β −1.6360 0.0910 (−1.8152; −1.4568) −17.98 <.0001 −0.00068 0.1948
b −1.2502 0.2211 (−1.6855; −0.8148) −5.66 <.0001 0.000019
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initial decisions (1.3%), the decision was reviewed and 11 of 
these were overturned into an incorrect decision.

Number and duration of the checks and reviews

The median duration of the 9732 checks (4.4 checks per match 
on average) was 22.0 seconds (IQR = 15.0 s – 35.0 s). The 
median duration of all checks during a match was 110.0 seconds 
(IQR = 60.0 s – 171.0 s). Altogether, 795 of these checks resulted 
in a review (0.36 reviews per match on average), more specifi
cally 534 were on-field reviews with a median duration of 62.0 
s (IQR = 48.0 s – 86.8 s) and 261 were VAR-only reviews with 
a median duration of 15.0 s (IQR: 3.0 s – 32.0 s). There were 1544 
matches without a review (70.3% of all matches); 530 matches 
with only 1 review (24.2% of all matches); 103 matches with 2 
reviews (4.7% of all matches); 15 matches with 3 reviews (0.7% 
of all matches); 2 matches with 4 reviews (0.1% of all matches) 
and 1 match with 6 reviews (0.1% of all matches). A distribution 
of the checks and reviews over the different categories of 
incidents (in %) is provided in Table 2. Red card incidents had 
the highest proportion of checks (39.3%), followed by penalty 
incidents (33.4%), goals (27.1%) and mistaken identity (<1%). 
Penalty incidents (43.9%) had the highest proportion of 
reviews, followed by goals (32.5%), red card incidents (22.5%) 
and mistaken identity (1.1%)

In case of a review, the referee has the opportunity to 
change the initial decision. There were 76 extra penalties (164 
penalties awarded; 88 penalties cancelled), 126 extra red cards 
(132 red cards awarded; 6 red cards cancelled) and 114 fewer 
goals (61 goals awarded; 175 goals cancelled) due to the inter
ventions of the VAR. An overview of the decision changes 
based on the interventions of the VAR is presented in Table 3.

Discussion

The VAR was introduced in association football in 2018 to help 
correct clear and obvious decision errors for possible match- 
changing incidents, namely, goals, penalty decisions, direct red 
cards and mistaken identity. In this study, we examined 
whether the interventions employing VAR improved the accu
racy of decisions. Previously, researchers have shown that deci
sion accuracy for clear-cut situations can be improved in sports 
where errors can occur as a result of limitations in human 
perception (Carboch et al., 2016; Kolbinger & Lames, 2017; 
Myint et al., 2015). Our results show, for the first time, using 
empirical data that there is a significant increase in decision 
accuracy after VAR intervention for situations that require rule 
interpretation. The decision accuracy improved from 92.1% to 
98.3%. When looking at the in-game decision accuracy scores 
of referees for specific incidents, there is a range from 64% to 
77% (Gilis et al., 2006; D. R. Mascarenhas et al., 2009). The 
accuracy scores reported are higher compared to previous 
studies and this is probably due to the fact that all potential 
match-changing incidents were considered, whereas pre
viously researchers used a specific selection of more difficult 
incidents. Moreover, referees and VARs in this study were active 
at the highest levels of their national competition, so could be 
classified as super-elite officials. The reference decisions in this 
study were determined by the national referees committee, 

which can be seen as the golden standard for referees in 
a country. Given the international scope of the study, the 
authors were not able to control whether these reference 
decisions were determined independently by the members of 
the national referees committee. This may be considered as 
a limitation of the study. We want to acknowledge the impor
tance of a correct judgement of accuracy of decisions for future 
research. When researchers do not have access to the referees 
committees’ reference decisions, we advise that they use the 
consensus decisions of another carefully selected expert panel 
for the determination of accuracy.

Since there remains a human element in the judgement 
process, it appears to be impossible to eliminate all clear and 
obvious decision-making errors and achieve 100% accuracy, 
even with the use of the VAR (Collins, 2010; Nlandu, 2012; 
Royce, 2012). Several possible biases can occur in the decision- 
making process of referees (Jones et al., 2002; Nevill et al., 2002; 
Plessner & Betsch, 2001; Unkelbach & Memmert, 2010; Van 
Quaquebeke & Giessner, 2010). Furthermore, a total of 638 
situations that were classified as grey zone situations were 
not included in our analyses. For these situations, there was 
no clear reference decision and thus no clear correct or incor
rect decision. In these cases, decisions can be given within the 
“spirit or context of the game” and previously published reports 
have shown that referees apply a “game management strategy” 
(Balmer et al., 2007; D. R. Mascarenhas et al., 2002; Unkelbach & 
Memmert, 2008). According to the protocol, VARs should only 
intervene for clear and obvious errors. In line with the “take the 
first” heuristic (Johnson & Raab, 2003), referees are therefore 
reminded to stick to their initial decision for grey zone situa
tions. The laws of the game are evolving, but assessment of 
particular incidents will remain “subjective” and will continue to 
cause discussion. With the introduction of the VAR, there might 
be a tendency to formulate more objective decision criteria, 
such as is the case for the handball rule (Fédération 
Internationale de Football Association, 2019).

Overall, refereeing is still considered a “practice-poor” 
domain given the low number of matches and the limited 
amount of crucial decisions referees have to make (Catteeuw 
et al., 2009; Helsen et al., 2019). In addition to changes to the 
laws of the game, decision training becomes even more impor
tant to retain consistency in the decision-making process of 

Table 2. Number of checks/reviews per category of the incident.

Category Checks (%) Reviews (%)

Direct red card 3820 (39.3) 179 (22.5)
Penalty decision 3251 (33.4) 349 (43.9)
Goal 2637 (27.1) 258 (32.5)
Mistaken identity 24 (0.2) 9 (1.1)

Table 3. Number of decision changes after VAR interventions for the different 
categories of incidents.

Awarded (#) Cancelled (#)

Penalty 164 88
Direct red card 132 6
Goal 61 175
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referees. Published reports indicate that perceptual-cognitive 
training can improve decision making in referees (Catteeuw 
et al., 2010; Kittel et al., 2019; D. R. Mascarenhas, Collins, 
Mortimer et al., 2005; Schweizer et al., 2011). A correct and 
consistent initial decision is crucial because not all decisions 
can be reviewed, even though they can have an impact on the 
game dynamics. This suggestion highlights the need for refer
ees to undertake appropriate training. Given the extra eco
nomic costs of using technology (Borooah, 2016), one could 
argue that more investment is needed in talent identification 
and training programmes with referees.

A second aim of this study was to investigate the number 
and duration of interventions by the VAR. One of the argu
ments against the use of the VAR is that the natural flow of 
a game may be negatively impacted by video technology 
(Ryall, 2012; Svantesson, 2014). Since a referee team in associa
tion football makes approximately 200–250 foul/no foul deci
sions per game (Helsen & Bultynck, 2004), the VAR protocol is 
restricted to match-changing incidents. Our data showed that 
on average only 4.4 checks were required per match. The 
median time duration taken when referring to the VAR was 
22 seconds.

In more than 70% of all matches, the checks of the match- 
changing incidents did not lead to a review. Most VAR checks 
can occur in the background, thus having a minimal impact on 
the course of the game. In matches with a review, the median 
duration for an on-field review was 62.0 s and 15.0 s for a VAR- 
only review. A review is always preceded by a check and every 
time a review takes place, the referee has to indicate this by 
outlining a TV signal and the game has to be interrupted. 
A recent study showed that there was a slight increase in the 
total playing time and a simultaneous decrease in the effective 
playing time of matches with a review compared to matches 
without a review in the Spanish football league (Errekagorri 
et al., 2020). It is known that the effective playing time during 
a match (i.e., the total time during the match that the ball is in 
play) is 52–56 minutes (Castellano et al., 2011; Linke et al., 2018; 
Siegle & Lames, 2012). More than 30 minutes of playing time is 
lost due to other factors, such as free kicks, throw-ins and goal 
kicks (Augste & Cordes, 2016). When the ball is out of play, 
players actively position themselves for the next phase of play 
and the players and fans still have the feeling that the game is 
continuing. The duration of a review is relatively low in relation 
to these time losses. During an on-field review, however, the 
players, coaches and fans have to wait for a decision to be 
made while they often may not know what decision is being 
reviewed. National associations are therefore looking for inno
vative ways to communicate information relating to individual 
reviews to the TV production team, players and spectators in 
the stadium.

In other sports, like basketball and American football, 
a clock stop is used to compensate for the time losses. To 
reduce time-wasting and to speed up the game, the IFAB 
and FIFA have discussed the idea of stopping the clock 
every time the ball is out of play and adopt an effective 
playing time of 60 minutes (The International Football 
Association Board, 2017, “Increasing playing time”, 
Chapter 2). Another viable option might be to adopt 

a stricter calculation of additional time to compensate for 
the time loss due to VAR or other interruptions.

An analysis of the decision changes showed that there 
were more penalties and red cards and fewer goals due to 
the interventions of the VAR. In future, researchers should 
investigate the (indirect) effects of the VAR and long-term 
changes on the game of association football. The presence of 
the VAR could have a deterrent effect that is not directly 
visible; it could eventually be that players act with more 
caution which will lead to fewer offences being committed 
and more goals being scored. A recent study showed that the 
number of fouls and yellow cards decreased after the imple
mentation of the VAR in Germany and Italy (Carlos et al., 
2019). The presence of the VAR appears to affect the (assis
tant) referee’s performance outside of those decisions where 
VAR can be used. Further research is needed to clarify the 
effects of the VAR on the game and the behaviour of players 
and referees. Moreover, several factors such as the level of 
the match/competition/referee team and the score-line of 
the match could have an impact on the use and efficacy 
of VAR.

In sum, we showed that the predictive odds of making the 
correct decision were significantly higher when a decision was 
taken with the use of the VAR, compared to the initial decision 
made without the VAR. It is not possible to achieve 100% 
accuracy since there remains a degree of error in human per
ception and judgement, presenting a window for interpreta
tion by the referees. In this respect, we highlighted the 
importance of a correct and consistent initial decision and the 
continuation, and even an expansion, of referee training pro
grammes. With high initial decision accuracy, the number of 
VAR interventions and accompanying time losses are limited. It 
is important to continue applying video technology in a well- 
thought-out manner since it has the ability to undermine the 
referee team’s credibility and change the character of the foot
ball game (Collins, 2010; Kolbinger & Lames, 2017). 
Fundamental to this latter aspiration is the need for more 
research in order to ensure that evidence-based practice is 
central to improvements in referee training and the use of 
new technologies.
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