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Abstract

Background In the sport sciences, skill development is often (implicitly) explained through two metatheoretical
perspectives: interactionism and transactionism. Given certain assumptions, the former adheres to a linear pedagogi-
cal approach to learning, while the latter follows a nonlinear pedagogical approach. The aim of this systematic review
was to compare the effects of linear and nonlinear pedagogical approaches on the development of technical and tac-
tical skills in team-invasion ball sports.

Methods A systematic search of six databases (EmBase, PubMed, SPORTDiscus, OVID Medline, CINAHL, and OVID
Psychinfo) was undertaken from root to 1st May 2024. Included studies were critically appraised using the ROBINS-I
and RoB2 instruments. A narrative and descriptive synthesis approach was utilised.

Results From 7450 potential records, nine studies were included, which explored the effects of a nonlinear ver-

sus linear pedagogy for developing technical and tactical skills in team-invasion ball sports. While, for most outcomes,
the results showed there were no significant differences, nonlinear pedagogy did appear more favourable in 34%

of technical outcomes. Further, descriptive synthesis of four studies revealed that nonlinear pedagogy was signifi-
cantly better for developing tactical skills in 66% of outcomes.

Conclusions While based on limited studies, linear and nonlinear pedagogical approaches appear to achieve similar
results with regards to technical skill development. However, nonlinear pedagogy was favoured in some studies. With
regards to tactical skill development, nonlinear pedagogical approaches appear better than linear approaches. Fur-
ther high-quality research is needed to confirm these findings and examine how they may be implicated by the rep-
resentativeness of the assessment instruments.

Key Points

Both linear and nonlinear pedagogical approaches assist with skill development in team-invasion ball sports.
Nonlinear pedagogical approaches generally result in greater effects when developing tactical skills, while most
literature shows there are no significant differences between approaches when developing technical skills.
Further high-quality research exploring the effects of these pedagogical approaches is required to substantiate
these findings.

Questions remain regarding the representativeness of the assessment instruments used in the studies included
in this review.
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Keywords Skill acquisition, Coaching science, Metatheory, Constraints manipulation

*Correspondence:

Liam Bromilow

liam.bromilow@student.bond.edu.au

Full list of author information is available at the end of the article

. ©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40798-025-00893-y&domain=pdf
http://orcid.org/0009-0007-7643-8454
http://orcid.org/0000-0002-5121-9825
http://orcid.org/0000-0002-7129-8938
http://orcid.org/0000-0001-7734-9436
http://orcid.org/0000-0001-9851-1068
https://osf.io/za247/

Bromilow et al. Sports Medlicine - Open (2025) 11:90

Background

The development of skill is of paramount concern to
coaches, practitioners and athletes across the sport-
ing landscape. Accordingly, understanding the pro-
cess through which skills are developed is essential to
supporting a team and player’s potential for success
in sport [1]. With that in mind, it is critical for sports
coaches to understand the required pedagogical prac-
tices to support athlete skill development.

To help elucidate such pedagogical practices, we feel
it is important to start at a metatheoretical level. Briefly,
by metatheoretical, we mean a group of theoretical
approaches that share common assumptions and com-
mitments [2, 3], and which inherently shape the way
in which people inquire about the world [2]. The first
of relevance, here, is the interactionist metatheory [2],
which fosters a mechanistic and linear view of causal-
ity, most noted through input—output models of behav-
iour [3]. A key commitment of this metatheory is a unit
of analysis scaled to the individual, viewed as an entity
that exists separate to a surrounding. A manifestation
of this unit of analysis are information-processing mod-
els that imbue a linear sequence of causation—that is,
an input stimulus from the environment is processed
in the mind, leading to the output of a response by the
body [2, 4, 5]. Thought of as a ‘closed-loop’ process,
the brain receives a stimulus (information) through
the body’s sensory organs, and then sends a message
through the central nervous system to enact a stored
motor program [5]. Depending on an individual’s stage
of development [6], the resultant movement requires
a certain level of cognition to elicit a response. In this
sense, interactionism posits that the control, coordi-
nation and acquisition of skill is ultimately centred on
an individual’s ability to process information extracted
from one’s surround [7].

Some argue, however, that there is a misnomer here.
Namely, skills may not be acquired per se, but are rather
continually adapted through the constant interaction
of a variety of constraints [8]. This leads to the second
metatheory of relevance—that of tramsactionism [2].
Differing to interactionism, a key commitment of this
metatheory is a scale of analysis distributed across the
performer-environment system. In other words, move-
ment and its subsequent control is seen to arise from
the dynamic relation sustained between a performer and
environment [9]. A contemporary, extent perspective of
this metatheory is described within an ecological dynam-
ics framework [10], which brings together key ideas from
dynamical systems theory and ecological psychology [10]
to explain the control and coordination of movement as
a deeply embodied and embedded phenomenon distrib-
uted across the performer-environment relation [11, 12].
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The implications of these respective metatheoreti-
cal approaches—and their extant perspectives—are pro-
found for the sport sciences generally, and the field of
skill development specifically. For example, in following
an information processing approach, grounded in the
metatheory of interactionism, a coach would likely prior-
itise high-levels of continued repetition and instruction,
verbal cues, and feedback anchored to the acquisition of
a ‘correct’ motor program [13]. Learning, in this view, is
about the consolidation of the purported ‘correct’ motor
program such that it is stored in, and retrieved from, the
long-term memory when required. Given the sequential
nature of this approach, it has been described as being a
‘linear pedagogy, outlined by four key principles: ideal-
istic movement patterns, simplified movement sequences,
limited movement variability, and internal focus of atten-
tion [14]. In contrast, by following an ecological dynamics
rationale, grounded in the metatheory of transactionism,
a coach’s role is reconceptualised as a designer of prac-
tice tasks that prioritises the performer-environment
relation [15]. An important feature of this relationality
is its nonlinearity [16], which means learning is not a
sequential process. As such, proponents of an ecologi-
cal dynamics rationale follow a ‘nonlinear pedagogy, in
which performers are encouraged to search, discover and
explore solutions to various movement problems [16, 17].
Broadly, the components of nonlinear pedagogy include:
task representativeness, task simplification, constraints
manipulation, functional variability, and external focus
of attention [18].

Not only is appreciating metatheoretical roots impor-
tant here, but considering what is meant by the term
‘skill’ is worth a brief note. In generalist terms, skill refers
to any goal-directed activity that one learns through
practice and experience [19]. Within the sport sciences,
this generalist perspective has typically been demarcated
further, with skills being classified as either ‘technical’ or
‘tactical’ Broadly, technical skills include those requiring
some executed outcome—such as a place kick in rugby or
a free throw in basketball, while tactical skills oft-refer
to game sense and decision-making [20-22]. While this
demarcation may reflect sport science’s implicit reli-
ance upon the interactionist metatheoretical tradition
(i.e., seeing ‘skill’ as a reduced construct localised to the
inner workings of the performer [2]), our concern, here,
is less about critiquing this classification of skill, and
more about investigating how each have been devel-
oped through the use of linear or nonlinear pedagogi-
cal approaches. To this end, a pertinent question arises:
which pedagogical approach-linear or nonlinear—is more
effective for supporting the development of skill in sport?

Indeed, a number of published reviews have been
conducted in response to such a question-see, for
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example, Bergmann et al. [23] and Clark et al. [24].
However, these reviews reflect either a single sport
or have focused on a single component of nonlinear
pedagogy. To date, no systematic review has been con-
ducted that directly compares linear and nonlinear
pedagogical approaches in a team-invasion ball sport
context. The aim of this systematic review was to criti-
cally evaluate literature exploring the relative effective-
ness of linear and nonlinear pedagogies for supporting
skill development in team-invasion ball sports.

Methods

This systematic review followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [25]. The review was registered
prospectively with the Open Science Framework on
1st November 2023 (https://osf.io/za247/) prior to
data extraction.

Eligibility Criteria
The inclusion and exclusion criteria used in this study
can be found in Table 1.

Information Sources

A systematic search was conducted from root to 27th
September 2023, using six databases: EmBase, PubMed,
SPORTDiscus, OVID Medline, CINAHL, and OVID
PsycINFO. The search strategy was developed in con-
sultation with an experienced health sciences and medi-
cine faculty librarian for all databases. A forward and
backward citation analysis of included studies was also
performed to identify any additional studies not cap-
tured through the original search. An updated systematic
search was conducted on 1st May 2024 for articles pub-
lished between 27th September 2023 and 1st May 2024.

Table 1 Eligibility criteria of systematic search
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Search Strategy

Utilising the PICO (Population, Intervention, Com-
parison/Control, Outcome) format, the search strategy
combined keywords/text words and MeSH terms related
to linear and nonlinear pedagogy in a coaching environ-
ment of team-invasion ball sports. The Polyglot Search
Translator [26] automation tool was implemented to
assist with the MeSH term coding across databases.
The search terms for PubMed are listed below, with the
search strategies for all databases being presented within
the Supplementary Information Files:

(Rugby*(tiab] OR Soccer[tiab] OR Football[tiab]
OR oztag[tiab] OR futsal[tiab] OR lacrosse[tiab]
OR hockey[tiab] OR hurling[tiab] OR "Water
Polo"[tiab] OR Basketball[tiab] OR Netball[tiab] OR
Handball[tiab] OR Rugby[Mesh] OR Soccer[Mesh]
OR Football[Mesh] OR Hockey[Mesh] OR Basketb
all[Mesh]) AND (coach*[tiab] OR teach*[tiab] OR
mentor[tiab] OR train*[tiab] OR learn*[tiab] OR
player[tiab] OR Teaching[Mesh] OR Mentors[Mesh]
OR Learning[Mesh] OR "Physical Education and
Training"[Mesh] OR athletesMesh]) AND ("non-lin-
ear pedagog*'[tiab] OR "non linear pedagog*'[tiab]
OR "nonlinear pedagog*'[tiab] OR "constraints-led
approach’[tiab] OR "constraints led approach’[tiab]

OR indirect instruct*'[tiab] OR "nonlinear
dynamic"[tiab] OR 'non-linear dynamic"[tiab]
OR  'linear  pedagog*'[tiab] =~ OR  'direct

instruct*"[tiab] OR linear[tiab] OR nonlinear[tiab]

OR traditional[tiab]) AND  (skill*[tiab] OR
competence(tiab] OR capability[tiab] OR
ability[tiab] OR perform*[tiab] OR develop*[tiab]
OR precision[tiab] OR proficiency[tiab]
OR  technical[tiab] OR  tacticalltiab] — OR
mechanism[tiab] ~ OR  motivation[tiab] = OR
prepar*[tiab] OR readiness[tiab] OR "Motor

Skills"[Mesh] OR "Athletic Performance’[Mesh] OR
Motivation[Mesh]).

Inclusion criteria

Exclusion criteria

Studies relating to team invasion ball-sports, published in full text, in Eng-
lish language, in peer reviewed academic journals

Quantitative study approaches using intervention/experimental designs
with an appropriate control/comparison group (e.g., Randomised
Controlled Trials (RCTs), Pseudorandomised controlled trials, comparative
studies with concurrent controls (i.e., non-randomised trials, cohort studies
(prospective or retrospective)

Must clearly investigate linear and nonlinear pedagogical methods
Intervention duration of at least two weeks, or at least four sessions,

to account for chronic adaptations

Years considered—-Database inception to May 2024 (i.e. no restriction

on year of publication)

Studies that implemented other non-traditional pedagogical approaches
such as Teaching Games for Understanding (TGfU), Differentiated Learning
(DL), and Tactical Games Approach (TGA)

Studies in which pedagogical approaches cannot be clearly discerned
through the methodology

Studies that do not provide statistical outcomes (means, standard devia-
tion, confidence intervals)

Studies that do not use original data
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Selection Process

Titles and abstracts of each article were screened inde-
pendently by two reviewers (LB and CD) for relevance
according to the eligibility criteria. Records that fulfilled
eligibility criteria at title and abstract level were then
screened at full text level by the same reviewers. Reasons
for exclusions at full text screening were documented for
each report. Any discrepancies between reviewers were
discussed and resolved, and a third reviewer (JK) was
consulted when mutual consensus could not be achieved
between the original reviewers. The outcomes of the
screening process were documented using the PRISMA
flow chart [25].

Data Collection Process

The data extraction process was conducted by the first
author and entered into a Microsoft Excel (Microsoft
Corporation, v2404) spreadsheet for synthesis. All acces-
sible information regarding study design, participant
characteristics, intervention type, modality, statistical
approach to analysis and main findings, including sta-
tistical significance, were extracted. Confidence in the
body of evidence extracted from the included studies
was ascertained by only including research papers that
met Level II to III-2 of the National Health and Medical
Research Council (NHMRC) Levels of Evidence Hier-
archy [27]. Outcomes related to the progress of techni-
cal and/or tactical skills were of primary concern to this
paper, being a pre-intervention and/or post-interven-
tion score from an assessment instrument. Outcomes
related to physical and physiological measures were not
extracted as they were not relevant to the review ques-
tions. All data extracted were validated by a second
reviewer (JK or CW) to ensure data accuracy. No auto-
mated data extraction tools were utilised. Where relevant
data from individual studies were not published, the cor-
responding author was contacted with a request to pro-
vide the missing data (e.g., p-values).

Critical Appraisal of Methodological Quality (including Risk
of Bias) in Individual Studies

The methodological quality of individual studies was
critically appraised by two reviewers (LB and CD) using
the Cochrane Risk Of Bias In Non-Randomized Stud-
ies—Interventions (ROBINS-I) [28] and the Risk of Bias
2 (RoB 2) [29] for randomised trials. The ROBINS-I tool
was implemented for studies that were non-randomised
and utilised a robust criteria across seven domains, while
the RoB 2 utilised five criteria to appraise randomised
studies [28, 29]. These tools were chosen to critically
appraise the individual studies due to the clarity of signal-
ling questions to elicit information about the bias of the
study design, conduct and reporting [28, 29].
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To appraise each study, the reviewers used the signal-
ling questions across the seven domains (ROBINS-I) or
five domains (RoB 2) by answering ‘Yes, ‘Probably Yes,
‘Probably Noj ‘No; or ‘No Information! These responses
were then added to the ROBINS-I or RoB 2 algorithm to
provide a domain rating of Low Risk, Some Concerns, or
Serious Risk (ROBINS-I)/High Risk (RoB2) for the risk
of bias judgement [28, 29]. The study was deemed Low
Risk of Bias if all domains were scored as Low; Some
Concerns of Bias if at least one domain scored Some
Concerns but there were no high concerns; and Serious/
High Risk of Bias if at least one domain scored as High
or multiple domains scored Some Concerns in a way that
would substantially lower confidence in the result [28,
29]. If the two reviewers could not reach an agreement
when validating the risk of bias score, a third reviewer
was consulted (JK). The risk of bias summary tables were
uploaded to the Risk of Bias Visualisation (robvis) data
visualisation tool for representation [30].

Data Synthesis (Including Measures of Effect)
The characteristics of all included studies were narra-
tively synthesised to enable a comprehensive overview
of the current literature. All studies were included in
the data synthesis irrespective of risk of bias results. The
outcomes of each study were categorised into two fields
of development: 1) technical skill; or 2) tactical skill.
Within each of these categories, data were reported as
having a statistically significant effect or no effect from
pre- to post-intervention measurements. This descrip-
tive synthesis allowed a visual inspection of the collec-
tive evidence. Pre- to post-intervention mean change
scores were utilised in this data synthesis process. All
information relevant and available to the pre- and post-
intervention data were recorded, including significant
within-group and significant between-group differences.
Pre—post change scores were also calculated for the
within group effects so to more easily allow the reader to
understand the changes within each group over time.
Significant differences in the effects of nonlinear and
linear pedagogy were typically reported in studies using
a variety of statistical tests such as repeated measures
ANOVA that provided interaction Group x Time effects.
A significant Group x Time interaction effect is inter-
preted as there being a significant difference between
how one group changes over time compared to the
other group—i.e. one group experiences a significantly
bigger change than the other group. Where Group x
Time interaction effects were not reported, statistical
analyses comparing both groups at the post-interven-
tion timepoint were used. Justification for this recom-
mendation is described in the Cochrane Handbook for
Systematic Reviews of Interventions [31]. Whilst the
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implementation of a meta-analysis was initially planned,
it was not possible due to the heterogeneity of the study
contexts, participants, and assessment instruments used
to measure study outcomes. Therefore, a summary effect
for pedagogical approaches to technical and tactical skill
development was determined using a descriptive synthe-
sis approach utilised elsewhere [32], whereby a summary
outcome is documented as being effective (+) if the col-
lective results demonstrated >66% of outcomes favour-
ing nonlinear pedagogical approaches. If 66% or more
of the outcomes demonstrated no significant difference
between linear and nonlinear approaches, the summary
effect of (0) was assigned. If the threshold (>66%) was
not reached, a summary effect of inconclusive (?) was
assigned. A sensitivity analysis of each descriptive syn-
thesis was undertaken to explore the impact of including
studies with serious risk of bias.

As is standard practice in sport science research,
studies were expected to report on a range of outcome
measures. When studies only reported inferential and
sometimes descriptive statistical information for out-
comes that did not designate significance between the
nonlinear and linear groups, the first author of this paper
attempted to contact the corresponding author for fur-
ther information. If no response was received, outcomes
where results were not documented were labelled as N.S.
(Not Significant).
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Results

The initial search in 2023 yielded 6882 records, with a
further 568 results in the supplementary search con-
ducted in May 2024. This resulted in a total of 7450
identified studies, which were exported to EndNote
X21 [33]. A Deduplicator automation tool (30) was then
used to remove duplicates, with the final results manu-
ally screened by LB and CD to remove any further dupli-
cates that were missed. After completion of the duplicate
removal, 2912 records remained and were imported to
the online platform Covidence (Covidence systematic
review software, Veritas Health Innovation, Melbourne,
Australia) for eligibility screening. Two additional reports
were included for full-text screening based on expert
referral, one of which did not appear in the original or
supplementary search records, while the other was pub-
lished after the searches were conducted. Further man-
ual citation searching of the records did not provide any
additional records. The PRISMA flow chart details the
results of the selection process (Fig. 1).

Upon completion of the screening process, nine studies
were included for data extraction. Almost half (n=35) of
the full text reports screened appeared to meet the inclu-
sion criteria but were excluded due to theoretical differ-
ences in the lineage of their pedagogical approach. Other
primary reasons for exclusions included being published
in a non-English language, non-relevant outcomes (such

[ Identification of studies via other methods }

»| Reports not retrieved: (n = 0)

»| Reports excluded: (n = 0)

[ Identification of studies via databases and registers ]
P—\
Records identified from:
5 Dg:sgzzis(r(\n::‘;i%)) Records removed before
§ PubMed (n = 1515) screening: Records identified from:
= SPORTDisc_us (n = 1446) > Duplicate records removed via Expert referral (n = 2)
£ = 3 " e " L
5 OVID Mediine (n = 1442) l?']egi;gg;lor automation tool Citation Searching (n = 0)
3 CINAHL (n = 908) (
OVID Psyclnfo (n = 391)
!
(N
Records excluded by primary
Rei:ords screened »| author and research assistant
(n=2912) (n = 2841)
! !
Reports sought for retrieval o| Reports not retrieved: Reports sought for retrieval
2 (n=71) Full Text Not Available (n = 1) (n=2) 4
H
g ! I
3
Reports assessed for eligibility .| Reports excluded: (n = 63) Reports assessed for eligibility
(n=70) »|  Wrong Intervention (n = 35) (n=2) >
Non-English Language (n = 12)
Wrong Outcomes (n = 8)
Wrong Comparator (n = 3)
Wrong Study Design (n = 3)
Non-Peer Reviewed Study (n = 2)
)
— v
3 Studies included in review
S (n=9)
S Reports of included studies M
= (n=0)
)

Fig. 1 PRISMA flow chart
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as physiological measures), non-relevant comparator,
incorrect study design, and not being published in a peer
reviewed journal (see Supplementary Information Files).
Key characteristics of the included studies are listed in
Table 2.

Using the ROBINS-I tool [28] for analysis of the risk of
bias for non-randomised studies, Cheong et al. [34] pre-
sented as Low Risk of bias across all domains, while Abate
Daga et al. [35] and Praxedes et al. [36] had an overall

Table 2 Key Characteristics of Included Studies
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score of Serious Risk of bias (see Fig. 2). The latter two
studies were rated as having Serious Risk of bias for selec-
tion of participants [35] and measurement of outcomes
[36]. Regarding the selection of participants, the Abate
Daga et al. [35] study was relegated to Serious Risk due to
no information being provided about the domain ques-
tion: “Was classification of intervention status influenced
by knowledge of the outcome or risk of the outcome?” The
Praxedes et al. [36] study was classified as Serious Risk

Study Participants Sport & Level Skills Developed  Intervention Modality  Intervention Skill
Age (yr.) Duration- Outcomes
Sex Sessions Assessed
(Weeks)
Abate Daga et al. [35] 40 Soccer Ball Dribbling NLP- Constraints Manipu- 24 (12) Technical
<=9 Community-level soccer lation, Representativeness
M school LP- Closed Dirrills
Bonney et al. [37] 22 Australian Rules Football  Kicking NLP- Constraints Manipu- 8 (4) Technical
223+25 Amateur athletes player ~ Handballing lation, Functional Variabil- Tactical
M in a local senior competi-  Movement ity, Representativeness
tion with and without LP- Closed Dirrills
Pressure
Catching
Cheong et al. [34] 70 Hockey Trapping NLP- Constraints 6(3) Technical
19to 27 Novice university Passing Manipulation, Functional
48 M/ 22F students with no prior Shooting Variability
experience Dribbling LP- Blocked practice,
Repetition
Chow et al. [38] 224 Soccer Passing NLP- Constraints Manipu- 16 (8) Technical
121013 Secondary school Receiving lation, Representative- Tactical
M & F students. No mention Dribbling ness, Functional Variabil-
of individual skill level Kicking (Shooting) ity, Attentional Focus, Task
Defending Simplification
LP- Repetition
Deuker et al. [39] 40 Soccer Passing NLP- Constraints Manipu- 10 (5) Technical
1041 Regional elite to regional  Dribbling lation, Representative-
M sub-elite level competi- ness, Attentional Focus,
tion Functional Variability
LP- Closed Dirills
Esposito et al. [42] 30 Soccer Passing NLP- Constraints Manipu- 24 (8) Technical
12+£1.2 Youth athletes at regional lation, Attentional Focus,
No Information level Functional Variability
LP- Closed Dirills, Repeti-
tion
Mohammadi Orangietal. 66 Soccer Shooting NLP- Constraints Manipu- 24 (12) Technical
[40] 275%2.7 Novice university Passing lation, Task Simplification
M students with no prior Trapping LP- Blocked Practice,
experience Dribbling Repetition
Teamwork
Praxedes et al. [36] 19 Soccer Dribbling NLP- Constraints Manipu- 14 (7) Technical
11to12 Junior players participat-  Shooting lation, Representativeness Tactical
ing in local sports league  Passing LP- Closed Dirills, Blocked
Tactical Movements  Practice
Roberts et al. [41] 22 Soccer Dribbling NLP-Constraints Manipu- 16 (4) Technical
164+0.3 Youth academy from pro-  Shooting lation, Representative- Tactical
M fessional league club Passing ness, Attentional Focus,

Tactical Movements

Functional Variability
LP- Closed Drills, Repeti-
tion
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Risk of bias domains

| b1 | b2 | b3 | D4

D5 | D6 | D7 [overall

Abate Daga et al., 2020 [35]

Cheong et al., 2016 [34]

Study

Praxedes et al., 2018 [36]

©® 0 e e
® e e e
© ® e &

Domains: Judgement
D1: Bias due to confounding. .

D2: Bias due to selection of participants. . Serious
D3: Bias in classification of interventions. - Moderate
D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. . Low

D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.

Fig. 2 ROBINS- traffic light summary

of bias due to the measurements being taken from jun-
ior league soccer matches throughout a season, meaning
there was no control over the consistency of opposition
between the linear and nonlinear groups.

The remaining six randomised studies were appraised
for risk of bias using five domains from the RoB2 tool
[29], with the outcomes represented visually in Fig. 3.
All studies [37-42] were determined to have Some Con-
cerns related to bias, due to bias in selection of reported
results. Upon further analysis, this domain sought infor-
mation regarding a ‘pre-specified analysis plan, which the
studies did not provide any information. The research
team agreed that the studies did provide relevant infor-
mation regarding the intentions of the data analysis for
the present review. Further, Bonney et al. [37] and Chow
et al. [38] were appraised as having Some Concerns for
domain one: bias arising from the randomisation process,

due to there being no information provided regarding the
coordination or randomisation of the participants.

A summary of the key results for each study, includ-
ing intervention duration (15.8+6.6 sessions across
7.00+3.2 weeks), pre- and post-test descriptive statis-
tics and the relevant inferential statistics for all included
studies are provided, showing that many technical and
tactical outcomes in both the linear and nonlinear groups
significantly improved from pre- to post-intervention
testing (Table 3).

The descriptive synthesis examined whether there
was a significant interaction effect favouring nonlin-
ear or linear pedagogy for each outcome in the devel-
opment of technical skills (Table 4) or tactical skills
(Table 5). Records that did not provide a p-value or
reported a p-value >0.05 for an outcome were recorded
as ‘No significant difference reported between groups’.

Risk of bias domains

B

|

p2 | D3 p4 | D5 | Overal |

Bonney et al., 2022 [37]

Chow et al., 2023 [38]

Deuker et al., 2023 [39]

Study

Esposito et al., 2024 [42]

Mohammadi Orangi et al., 2021 [40]

Roberts et al., 2020 [41]

L OO,

Domains:

00O S
©00O0OS
e00O0OS
COOOOO
OOOOOO

Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

- Some concerns

Low

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Fig. 3 RoB 2 traffic light summary
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Table 3 The effects of nonlinear (NLP) and linear (LP) pedagogies to improve technical and tactical skills
Study Variable NLP Pre to Post Intervention LP Pre to Post Intervention Reported
(Mean =SD) (Mean +SD) Between-Group
A =Mean Change Score A =Mean Change Score Difference
p-value =within group p-value =within group (p-value)
difference difference
Abate Daga, et al. [35] (Soccer)  Shuttle Dribble Test (sec.) Pre: 15.76+1.129 Pre: 14.00+1.292 p=0.158
Post: 12.75+1.516 Post: 12.07+£0.965
A-3.01,p=<0.001 A-1.93,p=<0.001
Bonney, et al. [37] (Australian Kick Proficiency (Scale 1-5) Pre: 56.20+7.26 Pre: 56.87 +16.61 p=0.050
Rules Football) Post: 73.47+10.00 Post: 59.50+11.75
A17.27,p=<0.010 A 2.63,p=0.950
Kick Distance (Count 0-20m 0-20m p=<0.001
of times kicks executed Pre:6.36+2.11 Pre:3.00+1.95 p=0.050
for each distance) Post: 246+0.93 Post: 3.36+2.01 p=0.060*
A-3.90,p=<0.001 A 0.36,p=0.970
20-40 m 20-40 m
Pre:2.73+£142 Pre:536+3.85
Post:6.27+1.79 Post: 5.18+4.14
A 3.54,p=0.050 A-0.18,p=1.000
>40m >40m
Pre:0.09+£0.30 Pre:0.36+£0.67
Post: 0.36+0.51 Post: 0.09+0.30
A0.27,p=0530 A-0.27,p=0530
Time Before Skill Execution <1s <ls p=0.010
(Count of times skill execution  Pre: 0.64+0.81 Pre: 1.64+1.29 p=0.070"
occurred for each time block) ~ Post: 227+2.10 Post:0.82+1.08 p=0370"
A 163, p=0.040 A-0.82,p=0.530 p=0010
1-2s 1-2s
Pre:3.00+£1.61 Pre:4.27+£3.17
Post: 4.55+1.51 Post: 3.09+2.91
A 1.55,p=0450 A-1.18,p=0.660
2-4s 2-4s
Pre:3.00+1.00 Pre:3.64+246
Post:3.46+1.75 Post: 527 +2.97
A 046, p=0.960 A1.63,p=0310
>45s >4
Pre:246+1.51 Pre:1.27£1.10
Post: 0.82+0.98 Post: 1.64+1.21
A-1.64,p=0.020 A0.37,p=0.900
In-Game Pressure Applied Pressure Pressure p=0.050
When Executing Skill (Count Pre:2.27+1.74 Pre:3.27+2.33 p=0.040
of times player with the ball Post: 2.55+1.21 Post: 7.18+5.00
had or did not have opponent A 0.28, p=1.000 A391,p=0.020
within 3 m when executing No Pressure No Pressure
skill) Pre:8.36+2.50 Pre: 7.55+4.74
Post: 7.82+2.89 Post: 291+1.51
A -0.54,p=0.980 A-464,p=0.010
Locomotor Movement When  Stationary Stationary p=0.150
Executing a Skill (Count Pre: 7.73+2.76 Pre: 7.55+4.99 p=<0.010

of times player was stationary
or running when executing
skill)

Post: 4.64+1.21
A-3.09,p=0.280
Running
Pre:282+2.14
Post: 5.73+2.20
A291,p=0.010

Post: 8.00+5.40
A 045, p=0.990
Running
Pre:3.27+2.10
Post: 2.09+1.51
A-1.18,p=0520
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Table 3 (continued)
Study Variable NLP Pre to Post Intervention  LP Pre to Post Intervention Reported
(Mean*SD) (Mean%SD) Between-Group
A =Mean Change Score A =Mean Change Score Difference
p-value =within group p-value =within group (p-value)
difference difference
Cheong, et al. [34] (Hockey) Dribble Test (sec.) Pre:5.01+£1.23 Pre: 492+1.25 p=O72W
Post: 3.68+0.77 Post: 3.83+0.71
A-133,p=NS.? A-1.09,p=NS.?
Push Test- Accuracy (Scale 1-5)  Pre:242+1.10 Pre: 2.48+0.93 p=0210"
Post:3.16+0.77 Post: 3.34+0.54
A0.74,p=NS.? A 0.86,p=NR
Push Speed Test (km/h) Pre:31.93+457 Pre:33.90+7.10 p=<0.001
Post: 38.28+5.90 Post: 35.21+7.06
A635p=NS.? A131,p=NS.?
In-Game % of Success- Trap- Pre:65.23+9.82 Pre:67.02+13.59 p=0.720"
ping Post: 82.73+7.11 Post: 74.68+12.97
A1750,p=NS.2 A7.66,p=NS.?
In-Game % of Success- Passing  Pre: 65.73+15.25 Pre:67.95+15.98 p=0970*
Post: 72.27+5.89 Post: 69.47 £8.25
A6.54,p=NS.? A1.52,p=NS.?
In-Game % of Success- Shoot-  Pre: 79.17+33.23 Pre: 65.00+31.83 p=0.130"
ing Post: 52.20+33.42 Post: 69.45+18.76
A-2697,p=NS.? A445,p=NS.?
In-Game % of Success- Drib- Pre: 8648 +14.37 Pre:92.23+10.02 p=0.820"
bling Post: 91.80+4.42 Post: 88.98+7.44
A532,p=NS.? A-3.25,p=NS.?
In-Game Successful Trapping ~ Pre: 1867 +7.71 Pre:19.33+£9.56 p=NS?
(Attempts) Post: 22.17+248 Post: 20.83+8.61
A350,p=NS.? A150,p=NS.?
In-Game Successful Passing Pre:21.67+£5.92 Pre: 24.00+£9.84 p=NS.?
(Attempts) Post: 22.83+4.40 Post: 22.67 +8.36
A1.16,p=NS.? A-1.33,p=NS.?
In-Game Successful Shooting ~ Pre: 1.33+0.52 Pre:1.33+£0.82 p=0.110*
(Attempts) Post: 2.67+2.50 Post: 2.50+1.05
A1.34,p=NS.?@ A1.17,p=NS.?
In-Game Successful Dribbling  Pre: 7.83+£3.19 Pre:8.67£4.80 p=0.040
(Attempts) Post: 14.67 £3.67 Post: 11.17+293
A6.84,p=NS.? A2.50,p=NS.?
In-Game Total Attempts-Trap-  Pre: 27.83+7.94 Pre: 28,00+ 10.08 p=NS.?
ping Post: 26.83+2.48 Post: 27.50+8.07
A-1.00,p=NS.? A-0.50,p=NS.?
In-Game Total Attempts- Pass-  Pre: 32.83+5.00 Pre:34.67 +8.66 p=NS.?
ing Post: 31.50+4.97 Post: 32.00+7.69
A-133,p=NS.? A-267,p=NS.?
In-Game Total Attempts- Pre:2.00£1.10 Pre:2.00+1.67 p=0.350"
Shooting Post:5.17+3.37 Post:3.67+1.37
A3.17,p=NS.? A1.67,p=NS.?
In-Game Total Attempts- Drib-  Pre: 9.00+3.03 Pre: 8.83+4.58 p=0.400*

bling

Post: 15.67 £3.67
A667,p=NS.?

Post: 12.83+4.07
A 4.00,p=NS.?
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Table 3 (continued)
Study Variable NLP Pre to Post Intervention  LP Pre to Post Intervention Reported
(Mean*SD) (Mean%SD) Between-Group
A=Mean Change Score A =Mean Change Score Difference
p-value =within group p-value =within group (p-value)
difference difference
Chow, et al. [38] (Soccer) In-Game Pass Execution (Count Pre: 8.50+4.77 Pre: 8.64" +5.05" p=0.1 17%A
of Successful Attempt) Post: 13.21+5.28 Post: 10.95" +4.46"
A4.71,p=0.003 A231,p=0771"
Types of Passes (Count Pre: 5.86+2.37 Pre: 6.15% + 368" p=0.005A
of Different Types of Passes Post:9.18+3.62 Post: 6.65%+2.72%
Executed) A3.32,p=<0.001 A 0.50, p=1.000*
Possession of Ball (sec) Pre:63,114+27,342 Pre: 57,184+ 24,105 p=0.720"A
Post: 87,693 +27,410 Post: 90,642 +32,697
A 24,579, p=0.010 A 33,458, p=0.001
Consecutive Passes Made Pre: 2.54%+2.89* Pre: 365 +331* p=0.269"A
(Count) Post: 432"+ 264" Post: 3.35%+2.82*
A1.78,p=0.161* A -0.30, p=1.000"
Goals Scored (Count) Pre: 146" +1.99" Pre: 1.59% +1.92* p=0.824*A
Post: 2.79%+2.01% Post: 2.91%+2.07*
A133,p=0072* A1.32,p=0.156"
Possession Turnovers (Count) Pre: 17.00+7.54 Pre: 11.08+7.23 p=0.044#/\
Post: 26.13+1.85 Post: 1883+11.22
A9.13,p=0.048 N7.75p=0257
Deuker, et al. [39] (Soccer) Passing Test (sec.) Pre:31.03+£3.91 Pre:31.39+2.59 p=0.554*
Post: 2893 +3.25 Post: 27.76£2.76
A-2.10,p=0.002 A-3.63,p=<0.001
Dribbling Test (sec.) Pre: 14.45+2.02 Pre: 13.32+1.44 p=0.146"
Post: 14.25+1.84 Post: 13.21£1.16
A-0.20,p=NS.? A-0.11,p=NS.?
Esposito, et al. [42] (Soccer) Technical Passing (Loughbor-  Pre: 59.90+0.50 Pre: 60.20+0.60 p=0.001
ough Soccer Passing Test) Post: 50.30+0.60 Post: 56.30+0.60
N -9.60,p=0.001 N -3.90,p=0.001
Mohammadi Orangi, et al. [40]  In-Game Actions (Count Pre: No pre-intervention Pre: No pre-intervention p=0.010
(Soccer) of Skills Executed per player) Post: 74.70+8.20 Post: 65.20+10.70
In-Game Adequate Actions Pre: No pre-intervention Pre: No pre-intervention p=0.090
(Count of Skills Executed Post: 40.20+8.30 (53.8%) Post: 32.70+9.30 (50.1%)
per player) (% of total actions)
Variability of In-Game Actions  Pre: No pre-intervention Pre: No pre-intervention p=0.010
(Count of Skills Executed Post: 19.30+5.3 (25.8%) Post: 13.10+5.80 (19.98%)
per player) (% of total actions)
In-Game Original Actions Pre: No pre-intervention Pre: No pre-intervention p=<0.001
(Count of Skills Executed Post: 1.14+0.77 (1.5%) Post: 0.45+0.51 (0.6%)
per player) (% of total actions)
In-Game Creative Actions Pre: No pre-intervention Pre: No pre-intervention p=<0.001
(Count of Skills Executed Post: 0.45+0.67 (0.6%) Post: 0.14+0.35 (0.2%)
per player) (% of total actions)
Praxedes, et al. [36] (Soccer) In-Game Pass Execution (0-1 Pre: N.S Pre: N.S p=0.003
Rating) Post: 0.714+0.052 Post: 0.558+0.133
In-Game Dribbling Execution ~ Pre:N.S Pre:N.S p=0.143
(0-1 Rating) Post: 0.807 £0.092 Post: 0.715+0.161
In-Game Decision Making- Pre:N.S Pre:N.S p=<0.001
Passing (0-1 Rating) Post: 0.843+0.039 Post: 0.661+0.111
In-Game Decision Making- Pre:N.S Pre:N.S p=0.486

Dribbling (0-1 Rating)

Post: 0.786+0.114

Post: 0.732+0.156
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Study Variable NLP Pre to Post Intervention  LP Pre to Post Intervention Reported
(Mean*SD) (Mean%SD) Between-Group
A =Mean Change Score A =Mean Change Score Difference
p-value =within group p-value =within group (p-value)
difference difference
Roberts, et al. [41] (Soccer) Strong Foot Finishing (Lough-  Pre: 25.06 +3.46 Pre: 26.34+2.62 p=0.190
borough Shooting Skills Test) Post: 27.02+3.40 Post: 26.46+3.40
A1.96,p=0.210 A0.12,p=0.260
Weak Foot Finishing (Lough- Pre: 14.56+£5.67 Pre: 15.01+£4.89 p=0350
borough Shooting Skills Test) Post: 16.56 +5.67 Post: 16.01 +4.89
A 2.00, p=0.680 A 1.00, p=0.290
1 v 1 Attack (% of Success) Pre: 68.56+ 14.21 Pre:6522+14.47 p=0.020
Post: 7856+ 14.21 Post: 68.56 +14.21
A 10.00, p=0.050 A3.34,p=0.790
Decision Making (% of Correct ~ Pre: 64.25+16.67 Pre: 60.33+12.08 p=0.010

Executions)

Post: 81.25+16.67
A17.00,p=0.010

Post: 68.25+16.67
AN792,p=0.620

N.S.=Not Significant and no p-value reported

N.S.2=Not Significant and confirmed with author

# = Data provided by author upon request

A =p-value calculated at post-intervention test timepoint

Over one-third (34%) of outcomes documented across
nine studies favoured nonlinear pedagogical approaches
to technical skill development, with most (66%) indi-
cating no significant difference between pedagogical
approaches (Table 4). Consequently, the descriptive syn-
thesis summary effect rating (0) suggested that nonlinear
approaches to technical skills development were at least
equally effective as linear pedagogical approaches and
the removal of studies with serious risk of bias did not
alter the summary effect score. Well over half (62.5%) of
outcomes documented across four studies favoured non-
linear pedagogical approaches to tactical skill develop-
ment, with only one outcome favouring linear pedagogy
(Table 5). With all four studies included in the descriptive
synthesis, the summary effect rating suggested the results
were inconclusive (?) as the threshold of 66% was not
reached. However, when the study with serious risk of
bias [36] was removed from the descriptive synthesis in
a sensitivity analysis, the summary effect rating changed
to (+), suggesting nonlinear pedagogy was more effec-
tive than linear pedagogy for developing tactical skills in
team-invasion ball sports.

Discussion

The aim of this systematic review was to critically evalu-
ate literature that compared the relative effectiveness of
linear and nonlinear pedagogies for supporting techni-
cal and tactical skill development in team-invasion ball
sports. For many of the outcomes, both the linear and
nonlinear groups significantly improved from pre- to

post-intervention testing. Whilst over a third (34%) of
outcomes were shown to favour a nonlinear approach to
technical skill development, and none favoured linear,
our descriptive synthesis revealed that overall, the major-
ity of research demonstrated no statistically significant
difference between linear and nonlinear approaches for
developing technical skill outcomes in team-invasion
ball sports. However, our descriptive synthesis did reveal
that nonlinear approaches were more effective, overall,
than linear approaches for developing tactical skills in
team-invasion ball sports. These results are important
for coaches and learning design specialists, as they sug-
gest that nonlinear pedagogical approaches may be more
effective in supporting tactical and, to a lesser extent,
technical skill development when compared to linear
pedagogical approaches in team-invasion ball sports. Our
results are somewhat consistent with those of Chow et al.
[18], who proposed that nonlinear pedagogy facilitates
skill development and may offer some advantages over a
linear pedagogy. These results would also appear to sup-
port some of the suggestions put forward by Chow [17],
Davids et al. [43], Renshaw et al. [44] and Woods et al.
[15], who each propose the beneficial nature of using a
nonlinear pedagogical approach to support skill develop-
ment in various sporting contexts.

Regarding tactical skill outcomes, five from a total of
eight outcomes had a significant difference favouring
nonlinear pedagogy, while a single outcome favoured
linear pedagogy. A sensitivity analysis, removing stud-
ies with serious/high risk of bias, further strengthened
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Table 4 Descriptive synthesis of studies exploring the effects of nonlinear (NLP) compared to linear (LP) pedagogy for technical skill

outcomes
Sport Intervention Outcomes % of Outcomes Favouring NLP  Summary
Effect
Significant Difference Reported No Significant Difference Reported
Between Groups (Favouring NLP) Between Groups
Australian Rules . @Bomney, etal. [37] (n=22) 3/3=100% (N
Football o Kick Distance: Effect Only Found
for Kicks 0-20 m and 20-40 m
o Kick Locomotor Movement: Effect
Only Found When on The Run and Not
Stationary
o Kick Proficiency
Hockey - ®Cheong, et al. [34] (n=48) -@Cheong, et al. [34] (n=48) 2/15=13% (o)A
o In-Game Successful Dribbling o Hockey Dribble Test
o Push Speed Test o In-Game % of Success—Trapping
o In-Game % of Success—Passing
o In-Game % of Success—Shooting
o In-Game % of Success—Dribbling
o In-Game Successful Trapping
o In-Game Successful Passing
o In-Game Successful Shooting
o In-Game Total Attempts—Trapping
o In-Game Total Attempts—Passing
o In-Game Total Attempts—Shooting
o In-Game Total Attempts—Dribbling
o Push Test- Accuracy
Soccer -OChow, et al. [38] (n=224) - @Abate Daga, et al. [35] (h=31) 7/17=41% (7
o Types of Passes o Shuttle Dribble Test
- @ Esposito, et al, [42] (n=30) - @Chow, et al. [38] (n = 224)
o Technical Passing olIn-Game Eass Execution
- © Mohammadi Orangi, et al. [40] o Consecutive Passes Made
(n=64) o Goals Scored
o In-Game Actions . ©Deuker, et al. [39] (n=28)
o Variability of In-Game Actions o Dribbling Test
o In-Game Original Actions[Skill Action  © Passing Test
Performed by 3 or Less Players] - ©Mohammadi Orangi, et al. [40]
o In-Game Creative Actions[Skill Action  (N=64)
Original AND Adequate] o In-Game Adequate Actions[Skill
- @Praxedes, et al. [36] (n=19) Action Progressed Game]
o In-Game Pass Execution - @Praxedes, et al. [36] (n=19)
o In-Game Dribbling
- ©ORoberts, et al. [41] (n=22)
o Strong-Foot Finishing
0 Weak-Foot Finishing
TOTAL 12/35=34% 11/32=34%" (0)(0)*

Significant Difference Favouring NLP: Group x Time OR Group (if no pre-intervention assessment) p-value < 0.05
A Results influenced by a single study only
No Significant Difference Reported Between Groups: Group x Time OR Group (if no pre-intervention assessment) p-value>0.05 / no p-value reported

Summary Effect: 4+ = >66% of outcomes significantly favouring NLP; 0= >66% of outcomes demonstrated no significant difference between NLP and LP;
?=Threshold of 66% of outcomes was not reached by NLP or LP

# Denotes findings are the result of a sensitivity analysis where studies with serious/high risk of bias are removed from the synthesis
@- Serious/High risk of bias; (5)- Some concerns with bias / moderate risk of bias; @- Low risk of bias
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Table 5 Descriptive synthesis of studies exploring the effects of nonlinear (NLP) compared to linear (LP) pedagogy for tactical skill

outcomes
Sport Intervention Outcomes % of Outcomes Summary
Favouring NLP  Effect
Significant Difference No Significant Significant Difference Reported Between
Reported Between Groups  Difference Groups (Favouring LP)
(Favouring NLP) Reported

Between Groups

Australian Rules -®Bonney, et al. [37] (n=22)

Football o Time with Ball Before Skill
Execution: Effect Only Found
for<1s.and>4s
o Pressure Applied When
Executing Skill
Soccer - @Praxedes, et al. [36] (n=19) o @Chow, et al.
o Decision Making- Passing [38] (n=224) Pos-
- ©ORoberts, et al. [41] (n=22)  session of Ball
o 1v 1 Attack - ©Praxedes, et al.
o Decision Making [36] (n=19) Deci-
sion Making- Drib-
bling
TOTAL

-@Chow, et al. [38] (n=224) Possession
Turnovers

2/2=100% (N

3/6=50% (0)

5/8=62.5%
4/6=66%"

(N0

Significant Difference Favouring NLP: Group x Time OR Group (if no pre-intervention assessment) p-value <0.05. A Results influenced by a single study only

No Significant Difference Reported Between Groups: Group x Time OR Group (if no pre-intervention assessment) p-value >0.05 / no p-value listed

Summary Effect: + = >66% of outcomes significantly favouring NLP; 0 = >66% of outcomes demonstrated no significant difference between NLP and LP;

?=Threshold of 66% of outcomes was not reached by NLP or LP

# Denotes findings are the result of a sensitivity analysis where studies with serious/high risk of bias are removed from the synthesis

@ - Serious/High risk of bias; (- Some concerns with bias / moderate risk of bias; @- Low risk of bias

the results favouring nonlinear pedagogy in 66% of out-
comes. Nonlinear pedagogy encourages performers to
search, discover and explore solutions to various move-
ment problems [16]. Therefore, if implemented coher-
ently, a nonlinear pedagogical approach has the potential
to elicit greater improvement in tactical outcomes due
to the nature of performers continually adapting their
movement in response to changes in environing condi-
tions [21]. Relevant to coaches and practitioners of team-
invasion ball sport athletes, this finding suggests that a
practice environment should utilise sample constraints
from competition to ensure the representativeness of
tasks is maintained. By representing competitive environ-
ments in practice, nonlinear pedagogies have the poten-
tial to lead to greater tactical skill development relative to
linear pedagogical approaches that prioritise a ‘correct’ or
‘idealised” way of doing.

When developing technical skills, the studies showed
that 34% of the reported outcomes favoured a nonlinear
pedagogical approach, while the remaining 66% showed
no statistical difference between linear and nonlinear.
Bearing in mind that there were no outcomes which
favoured linear pedagogical approaches directly, it is evi-
dent that both approaches produce positive results when
learning technical skills in team-invasion ball sports.
Even when applying a sensitivity analysis, the descriptive

synthesis does not alter the summary effect, showing that
the majority of outcomes (66%) reported no significant
difference between groups. Further research that directly
compares linear and nonlinear pedagogy in team-inva-
sion ball sports is necessary, as our findings are based on
a relatively small number of studies and, in many cases,
small sample sizes. Along these lines, we would also sug-
gest that future research could aim to quantify the rela-
tive effectiveness of linear and nonlinear pedagogical
approaches within populations of differing developmen-
tal levels.

A unique observation from this review was that over
half of the studies included appeared to use assess-
ments of ‘skill’ that were somewhat removed from
the key demands of competition. An example of this
was by Cheong et al. [34] who implemented a Hockey
Dribbling Test. Notably, this test required participants
to dribble a ball using their stick as fast as possible
through a course that included cones and agility poles
rather than other players. Though this is a repeatable
assessment instrument, the environment was overly
stable and arguably, non-representative of the con-
straints of competition. This observation, to us, speaks
to an inherent lack of representativeness in the assess-
ment of skill across the literature analysed, irrespective
of the pedagogical intervention used. This is important
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to consider as assessments of skill that do not ade-
quately represent the demands of competition may
dilute the effects of the subsequent pedagogical inter-
vention utilised and question the validity of many of
these skill assessments used in the literature. Accord-
ing to Nathan et al. [45], a lack of representativeness
in assessment may situate learning as unfolding in
contexts that do not meet the demands of competi-
tion. With this in mind, it is our recommendation that
to better determine the effectiveness of a pedagogical
intervention, the assessment task must possess high
levels of both task functionality and action fidelity to
ensure they represent the demands encountered in
competition [46]. This presents an important, albeit
unintended, consequence of our review that should
guide future studies that intend to determine the effec-
tiveness of various pedagogical approaches in the sport
sciences.

Relative to the sporting context, there was a signifi-
cant number of studies representing a soccer environ-
ment, accounting for 78% of included results. This is a
limiting factor regarding the global representation of
team-invasion ball sports, where the results could be
determined as being skewed to one sport alone. As a
more comprehensive picture, the studies encompassed
in this review are only representative of three sports,
with Australian Rules Football and field hockey being
the other two. Therefore, an important recommenda-
tion for future research is to explore a wider range of
team-invasion ball sports to offer a more comprehen-
sive insight into the dynamics of skill development in a
variety of performance environments.

Across the studies included in this review, there was a
mean of 15.8+6.6 sessions across 7.00+ 3.2 weeks, akin
to approximately two sessions per week. When explor-
ing intervention durations, a short-term (<6 sessions),
mid-term (>6 but <24 sessions), or long-term (>25 ses-
sions) approach can be implemented, as used in a review
by Bergmann et al. [23]. Using Bergmann et al’s meth-
odology, the studies included here could be described
as representing one short-term, seven mid-term and
no long-term interventions. Whether a focused longi-
tudinal study is required is an interesting point to con-
sider, as skill development appears to occur nonlinearly,
across different contexts and timescales [47, 48]. Given
this, it would make it challenging for both researchers
and practitioners to concretely state how long an inter-
vention should be maintained for optimal and retained
outcomes. Nevertheless, as linear and nonlinear pedago-
gies were typically both effective for improving a range of
technical and tactical outcomes, greater duration inter-
ventions and longer-term follow-up may be required to
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better demonstrate whether one approach is more effec-
tive than the other.

Conclusion

This systematic review explored the effectiveness of
linear and nonlinear pedagogical approaches in team-
invasion ball sports for the development of technical
and tactical skills. It was found that nonlinear pedagogy
led to greater positive effects relative to linear pedagogy
for developing tactical skills. Regarding technical skill
development, several outcomes had a significant differ-
ence favouring nonlinear pedagogy, while no outcomes
favoured linear pedagogy. Though this is the case, the
majority of literature shows that there are no signifi-
cant differences between approaches when developing
technical skills. While not an intended outcome, it was
found that further analysis into the representativeness
of assessment instruments is an important takeaway for
researchers interested in measuring the effectiveness of
a certain pedagogical intervention. Importantly, contin-
ued research is required to further explore these findings
across a wider range of contexts with larger participant
populations, while also examining the length of studies
for effective skill development to take place.

Abbreviations

LP Linear pedagogy

NLP Nonlinear pedagogy

N.S. Not significant

PICO Population, intervention, comparison/control, outcome

PRISMA Preferred  reporting items for systematic reviews and
meta-analyses

RoB 2 Risk of bias 2
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