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A B S T R A C T

Purpose: Decision making is a critical skill for sports officials, often directly influencing the flow and fairness of a 
match. While this topic has received considerable interest in the literature, a synthesis of current evidence to 
understand the effectiveness of decision-making training interventions remains unexplored. Therefore, the aim of 
this study was to conduct a systematic review and meta-analysis of decision-making interventions in team sport 
officials.
Principal results: A total of 14 studies were identified, with a random-effects meta-analysis revealing an overall 
moderate positive effect of decision-making training on decision-making performance outcomes (g = 0.68, p <
.001) compared to control conditions. Notably, decision-making training was more effective in Soccer (g = 1.05), 
Rugby Union (g = 0.90), but not for Australian Football (g = 0.24). Video-based (i.e., 2-D footage) showed 
significant improvements, especially for objective decision-making outcomes like offside identification (g = 1.48, 
p < .001). However, our findings indicated that decision-making training tends to be less effective for subjective 
decision-making outcomes that requires higher levels of interpretation. Furthermore, shorter interventions (4–6 
weeks) were found to be most effective, with performance improvements reducing as interventions increased in 
time.
Major conclusions: Our findings highlight the need for further research to explore alternative technologies such as 
virtual reality to understand how to better replicate game scenarios and assess the transferability of decision- 
making training to real-world officiating contexts. Additionally, this review highlights the need to investigate 
sports beyond Soccer, Rugby, and Australian Rules Football to develop our understanding further into optimising 
decision-making training in sports officials.

1. Introduction

Officials play a pivotal role in sporting contests, often facing scrutiny 
as the decisions they make can potentially impact the outcome of games 
(Larkin et al., 2011). As such, decision making is considered one of, if 
not the most important skill for sport officials (i.e., referees, umpires, 
judges) (Kittel et al., 2019b; Morris & O’Connor, 2017). Decision mak-
ing involves planning, selecting, and executing an action based on both 
the individual (i.e., the official)’s knowledge, and the information 
available in a situation (Williams & Ford, 2013). This is a complex 
process where officials are applying the rules of the sport to determine 

whether an infringement has occurred (Morris & O’Connor, 2017), 
while also incorporating elements, of accuracy, fairness, safety and 
entertainment (Russell et al., 2019). Decision-making processes differ 
among officials from different sports, due to factors such as the number 
of the decisions they need to make, and the patterns and complexity of 
cues needed to make the decision.

Team sport officials are often categorised as ‘interactors’ MacMahon 
et al. (2014), where they have high interaction and physical movement 
demands and large number of perceptual cues to attend to. Most 
research has explored the performance and development of decision 
making within a single category, the interactor official, particularly 
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Soccer referees (Cunningham et al., 2022; Hancock et al., 2021; Kittel 
et al., 2021). Within the game, decisions vary in terms of their objec-
tivity (e.g., whether a ball was in or out, or a player was onside or 
offside), or their subjectivity (e.g., was a player held ‘enough’ by their 
opposition, or the ‘holding the ball’ in Australian Football; see Larkin, 
Mesagno, Berry, and Spittle (2018). There are also suggested desirable 
game imperatives to be considered alongside decision accuracy, such as 
fairness, safety and entertainment (Russell et al., 2019). Although these 
factors are linked to decision-making performance, it is unknown how 
they can be incorporated within a training environment effectively. 
Given the interpretive nature of some decisions and the importance of 
considering context, Brand et al. (2009) discussed the concept of ‘ac-
curate’ vs ‘adequate’ decisions. For example, an ‘accurate’ decision 
could be to the letter of the law, without considering factors such as 
player intent, game context, or prior decisions. Some objective decisions 
(e.g., whether a ball was in or out, or a player was onside or offside) need 
to be consistently made accurately and to the letter of the law. 
‘Adequate’ decisions, on the other hand, consider additional factors such 
as game context (e.g., ‘putting the whistle away’, ‘letting the players 
play’), severity of the infraction, and more closely align with the model 
of fairness, safety and entertainment (Russell et al., 2019). Evidently, 
decision making is a complex process with several (sometimes con-
flicting) priorities leading to the final decision. Despite this, most 
research has explored developing decision-making accuracy in team 
sport officials where the correct decisions are prescribed through spe-
cific scenarios in training and rely on evaluation from expert consensus 
(Kittel et al., 2021). There is limited quantitative evidence, however, to 
support whether this approach is effective for developing 
decision-making performance.

Unlike athletes, sport officials are limited in the training methods 
they can employ to develop their decision-making, resulting in some 
suggestions about the limited ‘practice richness’ of officiating training 
environments (MacMahon et al., 2014). For athletes to develop 
decision-making skills, coaches can incorporate small-sided games to 
imitate in-game decision-making demands, which may represent an 
ecologically valid approach (O’Connor et al., 2017). However, this 
approach can be more difficult for officials, who either need to attend 
players’ training sessions to officiate these game-based scenar-
ios/simulations or play game-based scenarios to officiate themselves. A 
limitation of this approach is that this would increase the physical load 
and injury risk to the officials, plus the skill level of the small-sided game 
simulations may not be reflective of the player skill they officiate on 
gameday. To combat the potential issues with on-field decision-making 
practice, officiating coaches and developers have favoured more 
off-field training methods to develop their decision-making skill 
(Cunningham et al., 2022). In certain sporting contexts, officials identify 
decision-making skills as very to extremely important to their role, 
however indicated that they only purposefully trained this skill less than 
once a month (McEwan et al., 2024).

Officiating coaches commonly use video-based training to develop 
decision-making performance (Kittel et al., 2021). In video-based 
training, officials are usually presented with video footage of in-game 
decision-making scenarios and are then required to officiate the 
footage like they would in a game (which can occur individually of in 
group discussion formats). Also, for video-based training sometimes the 
video presented is manipulated such as blurring images (van Biemen 
et al., 2018) or altering the video speed (Put et al., 2016) to understand 
varied effects to normal presentation. The premise of this training mo-
dality is to create engaging visual representations to help officials build 
more elaborate knowledge structures about decision situations 
(Macarenhas et al., 2005) and introduce common constraints of the 
performance environment to assist in the development of 
decision-making accuracy (Pinder et al., 2011). Reviewing and deciding 
on video scenarios, however, might be a more passive training approach 
that has been critiqued by O’Brien and Rynne (2021) as ‘missing the 
mark’ due to the limited representativeness of this practice activity to 

the actual performance environment. Following the observations of the 
field of video-based training by O’Brien and Rynne (2021), immersive 
learning and representative approaches have now emerged and been 
tested, namely Virtual Reality (VR) training (van Biemen et al., 2023). 
Furthermore, video-based training programs are generally reliant on 
isolated performance and assessment (with some studies exercising 
follow-up retention tests to evaluate performance on the same video 
task; Larkin et al., 2018), with researchers highlighting the limited un-
derstanding of the transfer of skills to in-game performance (Kittel et al., 
2019c). Despite this, officials such as Soccer referees view 
decision-making training using video clips to be very important but 
spend very little time completing this form of training (McEwan et al., 
2023). The effectiveness of these various programs therefore warrants 
further investigation, particularly if officiating coaches and sporting 
organisations are going to embed these practices into their training of 
sport officials.

With increasing research into the training of decision making in team 
sports officials (Kittel et al., 2021), there is a need for a meta-analysis on 
the outcomes of decision-making training to guide potential recom-
mendations. This information would assist in understanding the effec-
tiveness of these methods to aid practitioners in their design of 
decision-making training tools, and researchers in designing and eval-
uating evidence-based training interventions. Therefore, the aim of the 
current study was to conduct a systematic review and meta-analysis of 
the team sports officials decision-making training literature to provide 
an evidence-based synthesis of the current body of knowledge. In 
particular, the study will address the following research questions: 

I. Does decision-making training improve team sports officials’ 
overall decision-making skills and if so, by what magnitude of 
change?

II. How do different conditions of decision-making training (training 
volume, type, length) influence relative changes in decision- 
making performance?

III. How are relative changes in decision-making performance as a 
result of training influenced by sport-type and expertise?

2. Methods

2.1. Search strategy

The present review was conducted according to PRISMA-P (Preferred 
Reporting Items for Systematic review and Meta-Analysis Protocols 
guidelines (Page et al., 2021). A literature search was conducted in the 
following electronic databases: MEDLINE, Web of Science, SPORTDis-
cus, and PsychINFO. This search was conducted by the first author (AK), 
and databases were searched up to October 2024. The search was not 
restricted by year of publication, and only English papers were included. 
The reference lists of included studies, relevant reviews and books were 
also screened to identify other possible inclusions. Please see supple-
mentary materials for a full description of the search strategy that was 
implemented (Appendix I).

2.2. Eligibility criteria

Following an initial search of relevant literature, eligibility criteria 
were drafted and amended by the author team. In line with the PICOS 
approach (Liberati et al., 2009) inclusion criteria were selected as 
follows: 

I. Participants: Studies involving team sports officials (i.e., referees, 
umpires).

II. Intervention: Studies were included if they investigated the 
effectiveness of an intervention for the development of decision- 
making skill and characteristics in sport officials.
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III. Comparison: Studies observing interventions-alone and differ-
ences in outcome variables through different modes of decision- 
making practice. It was not necessary for studies to include a 
Control group.

IV. Outcome: Studies need to include an outcome measure related to 
the effectiveness of decision-making interventions on the 
learning of motor skills. This needed to be measured through a 
pre-test and post-test (including optional additional retention 
and/or transfer test [s]).

V. Study design: This review considered only randomized control 
trials and non-randomized studies (e.g., quasi-experimental 
designs).

2.3. Study selection

All articles identified from the search were exported into the 
screening and data extraction tool Covidence (Covidence online sys-
tematic review platform, Veritas Health Innovation Ltd., Melbourne 
Australia) with all duplicates removed. Titles and abstracts were inde-
pendently screened by the first and second author to assess the papers’ 
suitability, and all papers beyond the scope of this systematic review 
were excluded. All eligible articles then proceeded to full-text screening, 
where the first and second author independently assessed their eligi-
bility according to predetermined inclusion and exclusion criteria. Any 
disagreements between the reviewers were resolved by consensus or 
arbitration through the senior author.

2.4. Data extraction

Extraction was undertaken by the first author, while the second 
author checked the extracted data for accuracy and completeness. Dis-
agreements were resolved by consensus or by the senior author. Re-
viewers were not blinded to authors, institutions or manuscript journals. 
The Cochrane Consumers and Communication Review Group’s data 
extraction protocol was used to extract information from eligible 
studies, including the following variables: (1) publication details 
(author, year); (2) participant characteristics (number of participants, 
country, age, sex, skill level); (3) sport investigated, training tool/ 
technology implemented; (4) intervention duration and session fre-
quency, (5) the testing protocol, type of outcome measures used; (6) and 
effect sizes. Skill level of the officials was defined by Kittel et al. (2019c), 
in three performance levels: Elite, Sub-elite, and Amateur.

2.5. Assessment of reporting quality and risk of bias

The third and fourth authors independently evaluated included 
studies using a modified Downs and Black index to assess risk of bias and 
reporting quality (Downs & Black, 1998). This scale includes 14 original 
items and rates each item as 0 or 1, with higher scores indicating higher 
quality studies (Thurlow et al., 2024; Weakley et al., 2023). When there 
was no clear information to accurately evaluate an item, a score of 0 was 
assigned. Articles with disagreements regarding their rating were 
resolved through discussion and arbitration with the first author.

2.6. Data analysis

Cohen’s Kappa was used to determine inter-rater reliability between 
the two reviewers in the Title & Abstract screening and Full-text 
screening stages of the review process. As per Landis and Koch (1977), 
Cohen’s Kappa (k) was categorised as poor agreement (<0.00), slight 
agreement (0.00–0.20), fair agreement (0.21–0.40), moderate agree-
ment (0.41–0.60), substantial agreement (0.61–0.80), almost perfect 
agreement (0.81–1.00). Decision-making performance data were pooled 
together using Comprehensive Meta-analysis Version 4 (CMA; Biostat 
Inc., Englewood, NJ, USA). The effectiveness of decision-making 
training was assessed by calculating pre–post within-group changes. 

Where this data was not available from the manuscript (i.e., mean and 
standard deviation for pre- and post-tests), the authors contacted the 
corresponding author of included studies for the raw data. This data was 
not sourced for five studies, leading to nine studies being included in 
subsequent analysis. Specifically, a random-effects meta-analysis of 
standardised mean differences (SMD), expressed as Hedges’ g where 
possible, was performed. In this analysis, each study was treated as a 
random effect and was group within studies. Between-group differences 
have been calculated where possible to indicate changes between 
different types of decision-making training. According to Cochrane 
guidelines (Deeks et al., 2022), statistical heterogeneity was assessed 
using the Q and I2 statistics to show the dispersion of true effects, 
expressed as Hedges’ g, between predefined subgroups (Higgins et al., 
2021). The I2 statistic was interpreted as follows: 0 %–40 % was 
considered ‘might not be important’, 30 %–60 % ‘may represent mod-
erate heterogeneity’, 50–90 % ‘may represent substantial heterogene-
ity’, and 75–100 % ‘considerable heterogeneity’ (Higgins et al., 2021). 
Heterogeneity between studies was explored further via moderator 
analysis using subgroup analysis for the following categorical variables: 
(1) sport type; (2) skill level of officials; (3) training tool/technology 
used; (4) training duration; (5) frequency of training sessions; and (6) 
outcome measure employed (e.g., offside, flag or non-flag). To compare 
mean effects of different levels of each sub-group, we conducted Z-tests 
following Borenstein et al. (2019). Possible reporting bias was tested by 
inspection of the funnel plot and Egger’s trim-and-fill method (Egger 
et al., 1997).

3. Results

The initial search yielded 3260 studies. Following the removal of 
duplicates, 2708 underwent title and abstract screening, 53 articles were 
subject to full text review and 39 studies were excluded for not meeting 
the eligibility criteria. There was moderate agreement (k = 0.52) be-
tween the two reviewers at the Title & Abstract screening stage, and 
substantial agreement (k = 0.80) at the Full-text screening stage. This 
process resulted in a total of 14 studies included in the review (see 
Fig. 1).

3.1. Study characteristics

Across all included studies, the total number of participants were 
512, with an average sample size of 37 participants per study. When 
considering the studies by sport, the most investigated sport was Soccer 
(n = 9; 64 %), followed by Australian Football (n = 4; 29 %), and Rugby 
Union was represented in one study. Five (36 %) studies involved sub- 
elite level officials; four (29 %) studies involved elite level officials, 
and novice level officials were examined in four studies (29 %). One 
study involved a mixture of elite and novice officials. The most 
frequently employed training tool was video technology (n = 10, 71 %), 
followed by web-based/computer simulations (n = 4; 29 %). 360◦VR, 
combined video and computer simulations, and paper-based logbook 
testing were utilised in one study each. A summary of study character-
istics and participants of included studies are presented in Table 1.

3.2. Outcomes for the assessment of reporting quality and risk of bias

Table 2 summarises the outcomes of the modified Downs and Black 
scale for the assessment of reporting quality and risk of bias. Results 
ranged from 5 to 10, with a mean score of 8.4 ± 1.5.

3.3. Overall effect of decision-making training

A total of 78 individual effects were extracted from the included 
studies. To account for statistical dependence a composite approach was 
implemented, providing an overall conservative effect for each study. 
Using CMA software, this approach uses the mean of study outcomes to 
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Fig. 1. PRISMA flow chart of search process.
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Table 1 
Summary of included studies in this review.

Author Sport Type of 
decision

Participants Intervention 
overview

Intervention 
duration & 
frequency

Training 
scenarios 
number 
(total)

Feedback 
provided

Testing 
methods

Key results & 
conclusions

Armenteros 
et al. (2018)

Soccer Offside 8 sub-elite 
assistant 
referees

Video training 
consisting of six 
random series of 
40 ’cases’ per day

3 days 240 videos N/A Video-based 
pre-test, 
field-based 
post-test

Experimental group 
demonstrated 
continues 
improvement over 
time significantly 
better than the control 
group

Catteeuw, 
Gilis, 
Wagemans, 
and Helsen 
(2010)

Soccer Offside 24 elite 
assistant 
referees

Video training and 
computer 
simulations

4 weeks, once 
per week

160 (80 
video, 80 
computer)

Yes Video-based 
pre- and 
post-test

Video-based training 
led to an 
improvement in 
response accuracy in 
post-test, whereas 
control group did not 
change

Catteeuw, 
Gilis, 
Jaspers, et al. 
(2010)

Soccer Offside 40 elite 
assistant 
referees

Video training, 
computer 
simulations

4 weeks, once 
per week

120 videos 
or computer 
animations

Yes Video-based 
pre- and 
post-test

Both video-based 
training and 
computer simulation 
training improved 
following the training 
intervention, and no 
improvement for the 
control group

Gulec and 
Yilmaz 
(2016)

Soccer Player to 
play 
fouls/ 
penalties

54 referees 
(some novice, 
some expert)

Dice-based game 
where players 
answered 
questions (true/ 
false, multiple 
choice, or video 
questions)

Participants 
able to choose 
the number of 
sessions playing 
the game

N/A N/A Multiple 
choice and 
video-based 
pre- and 
post-test

Game-based learning 
is better than paper- 
based.

Kittel et al. 
(2019a)

Australian 
Football

Player to 
play 
fouls/ 
penalties

20 novice 
umpires

Video-based 
training, video- 
based training 
combined with 
high intensity 
interval training, 
control group

8 weeks, once 
per week

96 videos Yes Video-based 
pre- and 
post-test

No benefit completing 
video-based training 
combined with, or 
before, high intensity 
interval training

Kittel et al. 
(2020)

Australian 
Football

Player to 
play 
fouls/ 
penalties

32 novice 
umpires

Video-based 
training, 360VR 
video-based 
training, control 
group

5 weeks, once 
per week

125 videos Yes Video-based 
pre- and 
post-test. 
Retention 
test also 
used

Both intervention 
groups did not 
improve over the 
course of the 
intervention, but 
360VR performed 
significantly better 
than control in 
retention test

Kittel et al. 
(2023)

Australian 
Football

Player to 
play 
fouls/ 
penalties

17 novice 
umpires

Real-time video 
training, above 
real-time video 
training, control 
group

5 weeks, once 
per week

60 videos Yes Video-based 
pre- and 
post-test

Above real-time 
video-based training 
is not appropriate for 
amateur umpires

Larkin, 
Mesagno, 
Berry, 
Spittle, et al. 
(2018)

Australian 
Football

Player to 
play 
fouls/ 
penalties

52 novice 
umpires

Video-based 
training (no 
feedback 
provided), control 
group

12 weeks, once 
per week

1040 videos No Video-based 
pre- and 
post-test. 
Retention 
test also 
used

Decision-making 
improved for less 
experienced 
participants in the 
retention test

Mascarenhas 
et al. (2005)

Rugby 
Union

Player to 
play 
fouls/ 
penalties

56 elite 
referees (top 
20, mid 
panel, low 
panel)

Video-based 
training (from 
referee 
perspective)

6 weeks, once 
per week

25 videos Yes Video-based 
pre- and 
post-test

Decision-making 
improved the most for 
lowest ranked 
participants in the 
intervention group

Put et al. 
(2013)

Soccer Offside 18 sub-elite 
referees

Video-based 
training (from 
referee 
perspective) and 
computer 
animations as one 
group, control 
group

4 sessions, 
frequency 
unknown

240 (120 
video, 120 
computer)

Yes On-field and 
off-field 
offside tests

Training group 
increased accuracy, 
and had less flag 
errors in both the on- 
and off-field tests

(continued on next page)
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compute a composite score for each of the included studies. This 
approach provides a more conservative estimate of the overall effect by 
calculating a variance that accounts for the correlation between 
different study outcomes (Borenstein et al., 2022). Subsequently, a total 
of 27 individual effects were used for analysis from the following con-
ditions: decision-making training and control. Table 3 displays the 
overall results for subgroups and comparisons conducted between sub-
groups. From a cumulative sample of N = 251 participants, an overall 
moderate significant effect was observed (g = 0.680; 95 % CI = 0.381, 
0.980; p < .001) for decision-making training on performance outcomes 
relative to control conditions. There was no evidence of publication bias 
(Kendall’s tau, Z = 1.25, p = 0.21; Egger’s test, t (7) = 1.01, p = .34). 

Duval and Tweedie’s trim-and-fill analysis imputed one effect size to the 
right of the mean and marginally changed the observed hedge’s g value 
(g = 0.728, 95 % CI = 0.439, 1.017). Fig. 2 presents a forest plot of 
individual study effects and the overall effects for decision-making 
training on performance outcomes (see Table 4).

Analysis revealed statistical heterogeneity of decision-making 
training effects on performance was significant (Q = 25.86, p < .001) 
and was indicative of substantial heterogeneity (I2 = 69.1 %) (Higgins & 
Green, 2008), indicating the variability within the included studies 
could be due to other moderating factors rather than sampling error. 
Subsequently, additional subgroup analyses were conducted on pre-
defined DM intervention variables to locate potential sources of 

Table 1 (continued )

Author Sport Type of 
decision 

Participants Intervention 
overview 

Intervention 
duration & 
frequency 

Training 
scenarios 
number 
(total) 

Feedback 
provided 

Testing 
methods 

Key results & 
conclusions

Put, 
Wagemans, 
Pizzera, et al. 
(2016)

Soccer Offside 96 elite 
referees

Increasing speed 
group (75 %, 100 
%, 125 %), 
Decreasing speed 
group (125 %, 100 
%, 75 %), variable 
speed group.

2 days, 3 
sessions

60 videos Yes Video-based 
pre- and 
post-test

Decreasing speed 
group had best 
training adaptations 
following 
intervention

Put, 
Wagemans, 
Spitz, et al. 
(2016)

Soccer Offside 20 elite 
referees

Video-based 
training (from 
referee 
perspective) and 
computer 
animations as one 
group, control 
group

8 weeks, 12 
sessions

720 (360 
video, 360 
computer)

Yes Video-based 
pre- and 
post-test

Web-based training 
using videos led to a 
performance increase 
following the 
intervention

Schweizer et al. 
(2011)

Soccer Player to 
play 
fouls/ 
penalties

53 sub-elite 
referees

Video-based 
training (with 
repetition 
following 
feedback), video- 
based training (no 
repetition), control 
group

7 sessions 144 videos Yes Video-based 
pre- and 
post-test

Both training groups 
(with and without 
repetition) improved 
following the 
intervention

Van Biemen 
et al. (2018)

Soccer Player to 
play 
fouls/ 
penalties

22 elite 
referees

Blurred footage 
group, normal 
footage group

1 session 70 videos Yes Video-based 
pre- and 
post-test

Blurred training led to 
significantly greater 
training effects in 
decision-making than 
regular non-blurred 
footage

Table 2 
Quality of reporting of included studies.
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variability.

3.4. Decision-making performance outcome

Studies were categorised into seven decision performance outcomes 
(or markers); Accuracy, Confidence in decision, Decision consistency, 
Correct Flag infringement identification, Correct Non-flag infringement 
identification, Offside identification, and Recognition. The Decision 
consistency and Recognition subgroups contained only 1 effect size, 
respectively, resulting in exclusion of both subgroups from comparative 
analyses. Results indicated that decision-making training significantly 
improved decision making accuracy (g = 0.65; 95 % CI = 0.33, 0.98; p <
.001), Correct Flag infringement identification (g = 1.23; 95 % CI =
0.42, 0.2.04; p < .001), and Offside identification (g = 1.48; 95 % CI =
1.01, 1.95; p < .001), but not Correct Non-flag infringement identifi-
cation (g = 0.37; 95 % CI = − 0.13, 0.87; p = 0.08). The variability 
between sub-groups was heterogenous (Q = 20.63, p < .001), indicating 
that effect sizes significantly varied between sub-groups. Z –tests showed 
that decision-making training had a significantly larger effect on offside 
performance outcomes than accuracy measures (z = 2.843; 95 % CI =
0.257, 1.398; p < .001). Decision-making training was significantly 
more effective at developing correct identification of offside penalties 
than non-flag infringements (z = − 3.184; 95 % CI = − 1.793, − 0.426; p 
< .001). No further significant differences were found between other 
decision-making performance measures (Table 2).

3.5. Sport

Three sports were included for sub-group analysis: Australian Foot-
ball, Rugby Union, and Soccer. Analysis showed that decision-making 
training significantly improved performance in Soccer (g = 1.05; 95 % 
CI = 0.58, 1.52; p < .001) and Rugby Union (g = 0.90; 95 % CI = 0.33, 
1.47; p < .001), however this was not the case in Australian Football (g 
= 0.24; 95 % CI = − 0.10, 0.58; p = .17). The variability between sub- 
groups was heterogenous (Q = 9.00, p = .01), indicating that effect 
sizes significantly differed (Table 2). Z-tests revealed that decision- 
making training in Rugby Union (z = 1.967; 95 % CI = 0.002, 1.325; 
p = .049) and Soccer (z = 2.748; 95 % CI = 0.233, 1.394; p < .001) 
improved performance significantly more than in Australian Football. 
There were no significant differences between Rugby Union and Soccer 
(p = .691).

Table 3 
Effects of included studies with 95 % confidence intervals and sub-groups comprising each Decision-making training variable.

Sub-group j k g 95 % CI df z p

LL UL

Decision-making training overall 8 27 0.687 0.415 0.959 26 4.950 <.001
Expertise level
Amateur 3 6 0.271 − 0.145 0.687 5 1.276 p = .202
Semi-professional 5 10 0.890 0.518 1.262 9 4.686 p < .001
Sport
Australian Football 4 8 0.237 − 0.101 0.575 7 1.373 p = .170
Rugby Union 1 3 0.901 ​ ​ 2 3.105 p < .001
Soccer 4 6 1.051 ​ ​ 5 4.365 p < .001
Training tool
2-D Video 7 13 0.717 0.382 1.052 12 4.200 p < .001
Training Duration (weeks)
4–6 4 8 0.629 0.321 0.936 7 4.003 p < .001
6+ 2 4 0.162 − 0.286 0.611 3 0.711 p = .477
Training Frequency (per week)
1 7 13 0.451 0.207 0.695 12 3.626 p < .001
Decision-making performance outcome
Accuracy ​ 13 0.652 0.329 0.975 12 3.959 p < .001
Correct flag infringement ​ 4 1.229 0.421 2.037 3 2.980 p < .001
Correct non-flag identification ​ 4 0.370 − 0.126 0.866 3 1.463 p = .143
Offside identification ​ 4 1.480 1.010 1.950 3 6.170 p < .001

Note: j = number of studies; k = number of effect sizes; g = hedge’s g; CI = confidence interval; LL = lower limit; UL = upper limit; df = degrees of freedom. Z-scores 
and associated p-values indicate whether the effects were significantly different from 0.

Table 4 
Difference in Hedge’s g for included studies with 95 % confidence intervals and 
sub-groups comprising each moderator variable.

Sub-group Difference 95 % CI Q z p

LL UL

Expertise level
Amateur - Semi- 

professional
0.619 0.060 1.177 4.81 2.172 p < 

.05
Sport
Rugby Union - 

AFL
0.664 0.002 1.325 9.00 1.967 p < 

.05
Soccer -AFL 0.814 0.233 1.394 9.00 2.748 p < 

.001
Rugby Union - 

Soccer
− 0.150 − 0.889 0.589 9.00 − 0.398 p =

.691
Training Duration (weeks)
6+ - 4-6 − 0.466 − 1.010 0.077 9.47 − 1.681 p =

0.093
Decision-making performance outcome
Flag 

infringement 
– Accuracy

0.576 − 0.294 1.447 20.63 1.298 p =
0.194

Offside – 
Accuracy

0.827 0.257 1.398 20.63 2.843 p < 
.001

Non-Flag 
infringement 
– Accuracy

− 0.282 − 0.874 0.309 20.63 − 0.935 p =
0.350

Flag 
infringement 
- Offside

− 0.251 − 1.186 0.684 20.63 − 0.526 p =
0.599

Non-flag 
infringement 
– Offside

− 1.110 − 1.793 − 0.426 20.63 − 3.184 p < 
.001

Non-flag 
infringement 
– Flag 
Infringement

− 0.859 − 1.807 0.089 20.63 − 1.775 p =
0.076

Note: CI = confidence interval; LL = lower limit; UL = upper limit. Q statistic 
and degrees of freedom were used to test for heterogeneity of effect size vari-
ance. Z-scores and associated p-values indicate whether effects were signifi-
cantly different from 0.
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3.6. Expertise level

Studies were categorised into three expertise levels: Amateur, Sub- 
elite, and Elite. The Elite sub-group contained only 1 effect resulting 
in exclusion from comparative analysis. Results indicated that decision- 
making training positively improved performance across all levels of 
expertise (Amateur; g = 0.27; 95 % CI = − 0.15, 0.69; p < .20) (Sub-elite; 
g = 0.89; 95 % CI = 0.52, 1.26; p < .001) and significantly so for Sub- 
elite performers. Between-group variability was not significantly het-
erogeneous (Q = 4.81, p = .09), suggesting that effect sizes did not vary 
between groups (Table 2).

3.7. Training tool

Decision-making training tools were categorised into four sub- 
groups; 360◦VR, Combined computer and video, Computer only, and 
Video only. The 360◦VR, Combined computer and video, Computer only 
sub-groups contained only 1–2 effects and, therefore, were excluded 
from comparative analysis. Decision-making training using video only 
tools were found to have a significant positive effect on performance (g 
= 0.72; 95 % CI = 0.38, 1.05; p < .001).

3.8. Training duration

Training interventions less than one week contributed 2 effect sizes, 
and therefore, were excluded from further analyses. Decision-making 
training was found to have a significant positive effect for intervention 
durations of 4–6 weeks (g = 0.63; 95 % CI = 0.32, 0.94; p < .001), which 
was not the case for interventions of 6 weeks or more (g = 0.16; 95 % CI 
= − 0.29, 0.61; p = .48). The variability between sub-groups was 
heterogenous (Q = 9.47, p = .02), indicating effect sizes significantly 
varied between sub-groups. However, z-tests showed no significant 
differences between interventions of 4–6 weeks and 6 weeks or more (p 
= .093).

3.9. Training frequency

Weekly training frequencies of 2–3 and 4–5 sessions per week 
contributed only 2 effect sizes, respectively and, therefore, were 
removed from further analysis. Subsequently only one subgroup 
remained for analysis. Results showed decision-making training has a 
significant impact on performance when implemented for one session 
per week (g = 0.45; 95 % CI = 0.21, 0.69; p < .001).

4. Discussion

This review synthesised current understanding around the effec-
tiveness of decision-making training with team sport officials, with 14 
studies meeting the inclusion criteria, and data able to be analysed for 
nine of these studies. Decision-making training had an overall significant 
positive effect on decision-making performance. Sub-group analyses 
indicated that decision-making training significantly improved the ac-
curacy of objective decision-making, such as flag infringements, and 
offside identification. Moderate improvements were observed in sub-
jective decision-making outcomes, such as foul/penalty identification. 
In addition, analysis revealed several moderator variables that impact 
the effect of decision-making training on decision-making performance, 
such as type of sport, expertise level, and training frequency/duration. 
However, there are some considerations for the reader when reviewing 
the results. For instance, this is an emerging research area with 14 
studies included (and nine able to be analysed), and there was high 
heterogeneity (i.e., there was a significant amount of variability be-
tween the methodology of included studies).

This meta-analysis identified that decision-making performance can 
be significantly improved through off-field training methods (e.g., 2D 
video only) in sport officials. Indeed, recent discussions in the literature 
critique existing decision-making training for sports official for being de- 
contextualised, suggesting it may not appropriately reflect the demands 
of competition (O’Brien & Rynne, 2021). Our findings indicate that 
although more immersive forms of training may be preferred, 
decision-making training that are considered less representative (i.e., 
off-field video only) is not completely decontextualised, and may pro-
vide learners with an adequate level of relevant information to suc-
cessfully facilitate the development of decision-making skills. It is 
important to note that sub-group analyses indicated that such off-field 
methods of training were more effective for types of decisions that are 
more objective in nature (e.g., offside penalties), and do not require 
interpretation of the laws for game management (Raab et al., 2021), 
compared with more subjective decision-making (e.g., identification of 
fouls), which involve balancing how a decision contributes to the fair-
ness, safety and entertainment of the competition (Russell et al., 2019). 
However, it is important to note that when analysing by sub-group, there 
were a smaller number of effect sizes to make inferences on the data, and 
more research should be done to build on the current review. Taken 
together, these findings suggest more decontextualised forms of 
decision-making training could enhance performance in scenarios where 
decisions rely on fixed criteria (e.g., offside). Whereas, for subjective 
decision-making scenarios, training tools need to be progressed beyond 

Fig. 2. Forest plot showing the effect of decision-making training in k = 9 studies, g = 0.680 (95 % CI = 0.381, 0.980). The pooled hedge’s g is depicted by the 
diamond. Squares denote the effect of decision-making training for each individual study and the horizontal lines denote the 95 % CI for each individual study.
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off field methods to successfully replicate the complexity of in-game 
scenarios. A limited number of studies supported this idea in the pre-
sent review, with emerging evidence utilising more immersive 
decision-making training tools like 360◦VR, revealing significant im-
provements in subjective decision-making outcomes (e.g., identification 
of foul play) (Kittel et al., 2019; Kittel et al., 2020; Kittel et al., 2023). 
Recently, studies have emerged highlighting the use of technologies 
such as 360◦VR for decision-making in sport officials, that although they 
did not meet the inclusion criteria for this review and subsequent 
meta-analysis, yield important insights. For example, Boyer et al. (2023)
interviewed officials from different sports (Soccer, Rugby, Handball) on 
their use of 360◦VR, highlighting it as a useful tool for reflective prac-
tice. Other research has explored virtual environments (i.e., VR) in 
Soccer referees, reporting that decision-making and visual search be-
haviours are similar in VR to the real world (van Biemen et al., 2023). 
While there is emerging evidence for the use of technologies such as 
360◦VR and VR for sports officials (Kittel et al., 2024), more research is 
required to explore the effectiveness of these technologies in 
intervention-based research.

When considering type of sport, decision-making training was found 
to be more effective for improving decision-making for player-to-player 
fouls in Rugby Union (Mascarenhas et al., 2005) and Soccer (Schweizer 
et al., 2011), relative to Australian Football (Kittel et al., 2019a, 2020, 
2023; Larkin, Mesagno, Berry, Spittle, et al., 2018). An explanation for 
this may the complex decision-making processes to make certain de-
cisions in Australian Football, such as the ‘holding the ball’ interpreta-
tion unique to this sport (Larkin, Mesagno, Berry, & Spittle, 2018). 
Further, this is supported by the top two attributes for effective 
Australian Football umpiring performance being knowledge of the laws, 
followed by decision-making (Kittel et al., 2019b). This highlights that 
in sports like Australian Football, where decisions often hinge on 
nuanced rules (e.g., “holding the ball”), integrating knowledge of the 
laws within decision-making training becomes essential. Training pro-
grams should aim to combine law-based education with 
decision-making practice to ensure that officials not only understand the 
rules but develop the skills to apply them accurately in pressure situa-
tions (Cunningham et al., 2022). Further research is recommended to 
understand the impact decision-making training may have on other 
sports that may have different officiating demands to the three sports 
included here.

It is also interesting to note that the Video Assistant Referee (VAR) 
was introduced to Soccer in 2017–2018 (Lago-Peñas et al., 2019), and 
each of the studies in Soccer in this review were published around this 
time, or earlier. It is surprising that no studies exploring the effectiveness 
of decision-making have been published since then, given a key premise 
of this training is to hasten expertise (Helsen et al., 2019, pp. 250–266). 
It is, therefore, surprising there are no studies since determining the 
effectiveness of decision-making training in Soccer referees for two key 
reasons. Firstly, even in competitions where VAR is available, not every 
decision is able to be reviewed, and an accurate initial decision should 
be made regardless (Spitz et al., 2021). Secondly, most competitions in 
Soccer (or any sport for that matter) do not have access to technology 
such as the VAR at levels below the elite. Researchers in this domain 
need to ensure they are exploring ways to develop decision-making skill 
in emerging officials, where they do not have the ability to use/rely on 
video technology in competitions.

The most common training tool was using video-based methods, 
which was found to have a positive effect on decision-making skill 
development. This was the only training tool that had enough effect 
sizes to be able to be used in the meta-analysis component of this review. 
This finding for sports officials aligns with the literature on video-based 
training in athletes that has reported that it is effective tool for the 
development of decision-making skill (Larkin et al., 2015). There was a 
mixture of different video-based approaches used in the studies identi-
fied, including match broadcast (Larkin, Mesagno, Berry, Spittle, et al., 
2018), first-person training drills (Put et al., 2013), computer 

animations (Put, Wagemans, Spitz, et al., 2016), Put, Wagemans, Spitz, 
et al., 2016nd 360◦VR of training-based situations (Kittel et al., 2020). 
Also, other studies use certain video manipulations to demonstrate 
varied training effects to that of normal video presentation, including 
blurring images (van Biemen et al., 2018) and speed of video playback 
(Put, Wagemans, Pizzera, et al., 2016). There were few studies that 
utilised other technologies such as 360◦VR and computer animations, 
therefore limiting comparisons with these technologies. Although some 
of these video-based methods, such as match broadcast video, computer 
animations, and even first-person training drills may appear to have 
lower representativeness, they still appear to be effective as 
decision-making training modalities with sports officials. As highlighted 
earlier, there was significant heterogeneity in the included studies, as 
evident when considering the different training tools used across the 
studies included, with some training tools being only used in one 
particular study. Therefore, more research needs to be done with specific 
training tools across multiple skill levels and support to strengthen our 
knowledge of decision-making training of sport officials. Further 
research exploring technologies that appear to have higher levels of 
representativeness may help to determine whether and how important 
this representativeness may be in decision-making training of sports 
officials.

Interestingly, the most effective duration of decision-making training 
was for 4–6 weeks, yet not as effective for 6+ weeks, although there was 
no difference between the durations. In other psychological training 
methodologies, such as mental practice and imagery training in sport, 
systematic reviews and meta-analyses have indicated that programs of 
1–6 weeks are effective, but with the magnitude of effect decreasing 
with increases in program length (Lindsay et al., 2023; Toth et al., 
2020). This led Lindsay et al. (2023) to conclude that programs between 
1 and 6 weeks were most effective. For decision-making training, this 
could be because there is a diminishing return of practice (Spittle, 2021) 
so that additional training of a similar type begins to produce smaller 
benefits, indicating that the ideal initial program length for an inter-
vention of this type may be between 4 and 6 weeks.

There are some limitations to the current meta-analysis that should 
be considered when interpreting the results. Firstly, although 14 studies 
were included in this review, only nine were included in the meta- 
analysis as having data able to be used for analysis. Therefore, the 
reader should exercise caution when interpreting the results as although 
this is a growing research area, the limited number of studies included 
may contribute to the overall effect being sensitive to results of indi-
vidual studies. Another limitation is the over-representation of certain 
sports, specifically Soccer, Australian Football and Rugby Union. More 
research in other interactor sports such as basketball, hockey, handball 
and American football would benefit the testing of modes of decision- 
making training. It is surprising there were no studies from these 
sports meeting the inclusion criteria, given these are commonly 
researched in the sport officiating domain (Hancock et al., 2021). 
Research in non-interactor sports (MacMahon et al., 2014) should be a 
future focus in this area as this review found no studies aimed at 
improving judges’ evaluations of human performance, such as in 
aesthetic sports (i.e., gymnastics, figure skating) or racquet sports (e.g., 
tennis chair umpire). Further understanding of the influence of expertise 
level on the effectiveness of training and other individual differences in 
officials are needed to decipher at what expertise levels training might 
be more effective. How training duration influences training effective-
ness needs to be further discerned, particularly considering the incon-
sistency in duration times administered in the available training studies. 
With 4–6-week interventions showing more significant improvement, 
understanding if there are learning ceilings of decision-making training 
modes and how more complex layering of training modes and focus 
possibly alter learning outcomes. With video training (in its different 
forms) the primary decision-making mode in empirical-studies, future 
research might test accumulated or scaffolded effects of blending 
different formats of video viewing together in training programs (and 
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retention of knowledge acquired by video training to actual perfor-
mance). One such example could be exposing sports officials to video 
with increasing perceptual difficulty, or to use a decision priming 
strategy (e.g., knowledge vs. infraction) as potentially other variations 
of training format (MacMahon et al., 2007).

A primary future research interest in the applied area of decision- 
making training should be to investigate the transfer of skills to the 
actual officiating environment (almost non-existent across most 
reviewed studies). Despite the efficacy of video-based training observed 
in the present review, this approach may not fully capture the dynamic 
nature of in-game decision-making, highlighted by the reduced effec-
tiveness of such approaches for developing more subjective outcomes. 
While videos provide opportunities for reviewing and reflecting on 
specific scenarios, they tend to lack the dynamic, unpredictable ele-
ments of live gameplay. Subsequently, officials may struggle to transfer 
the skills learning in training to on-field performance environments. 
Immersive and representative video-based learning, through first person 
(mobile) and fixed video capture remains to have significant potential to 
address these issues as a decision-making training learning mechanism 
where transfer of learning might be more easily studied. Often decision- 
making training studies can become a ‘one-off’ investigation between 
researchers and sport organisations that are not extended into mean-
ingful implementation over longer periods to monitor and assess per-
formance changes. The uptake of applied sport science knowledge to the 
target training sport field has become a growing question more recently 
(Fullagar et al., 2019), giving credence for more implementation 
research approaches in the future.

The present systematic review and meta-analysis provides important 
insights into the current state of knowledge regarding the effectiveness 
of decision-making training for sports officials. Overall, results indicated 
that decision-making training significantly improves performance, 
demonstrating significant improvements in objective decision-making 
outcomes. However, more moderate improvements were observed for 
subjective outcomes, highlighting the challenges of replicating complex 
in-game scenarios through off-field, video-based training. Video-based 
training emerged as the most common training tool, however, further 
investigation is needed to explore the efficacy of more immersive ap-
proaches, such as on-field simulations or virtual reality. However, when 
interpreting these findings, it is important to consider that only officials 
from three sports were identified within this review (Soccer, Australian 
Football, Rugby Union), limiting the generalisability of these results to 
other sports, highlighting a future research agenda for decision-making 
training in other sports. In addition, there was high heterogeneity, and a 
small number of studies included in the final meta-analysis, which may 
increase the sensitivity to the overall effect being influenced by indi-
vidual studies. A gap in the literature was identified regarding the lack of 
examination into training that integrates both rule knowledge and 
decision-making skills, which are proposed to be of particular impor-
tance in sports with nuanced rules, like Australian Football. It is rec-
ommended that future studies examine the transfer of decision-making 
training to competitive environments.
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