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Abstract

Introduction. With the evolution of sport, the level of athletes is increasing. To be able to win it is necessary to understand
what factors influence performance in competition and training. Sports performance analysis has evolved in accordance with
data collection in competition practice, with performance indicators related to actions connected to performance outcome.
Material and Methods. We intend to verify the importance of task analysis in the performance analysis procedures. The review
starts with task definition, then task analysis procedures and sports science application to finish with examples of performance
analysis with task analysis. Results. Each task has one or more goals with actions to be carried out and with task, performer, and
environment constraints that influence it. Task analysis is a methodology to have information about technique, productivity and
safety that allows developing training programmes. Sports task analysis has a preparatory phase, a description (phase analysis),
assessment, and an intervention. Performance analysis was based on biomechanical and notational analysis including perfor-
mance indicators and afterwards reinforced with the ecological dynamics approach with an emphasis on the performer-envi-
ronment relationship. Similarities between actions from different sports could be observed with performance analysis using task
analysis (phase analysis with description of the segmental actions and mechanical principles). Conclusions. Performance task
analysis could support evidence-based training programmes with a replication of key features and performance indicators in
dry-land training tasks. Future research should identify task constraints and performance indicators with technological devices

and make performance analysis more coach friendly.
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Introduction

In sport, results improve over the years. In modalities such
as athletics, it is easy to check the evolution of records (less
time running, further throwing, and jumping). In sports such as
gymnastics or surfing, where results are achieved through a final
score awarded by judges, this evolution is not so evident. Howe-
ver, over the years, performance has evolved in gymnastics or
surfing like in most sports. To be an elite athlete requires tech-
nical and tactical skills, complemented by physical and psycho-
logical capacities [1]. If training aims to prepare athletes for the
conditions imposed by the sport/modality (different sports have
different demands), then it is essential to understand which fac-
tors influence performance in competition and training. The
main objective of coaching is to produce observable changes in
behaviour and therefore it is necessary to know how to quantify
performance and carry out a qualitative analysis of the necessary
aspects related to successful performance or outcome [2].

The analysis or investigation of performance in training and
competition is called Sport Performance Analysis and its main
objective is to collect data during the competition practice and
relating to the factors that influence athletes' performance. This
use of systematic observation makes scientific development and
assistance in the training/coaching process possible [3, 4, 5, 6,
7]. It all started in the late 70s with the recording of significant

occurrences in different sports using pencil and paper checklist
[5, 8]. A strategy was also proposed to analyse human move-
ment considering the teaching-learning process [9]. In the 80s,
development was greater with the work carried out by other au-
thors [2, 7]. But the greatest development occurred with tech-
nological evolution (video analysis systems, tracking systems,
inertial devices, advanced data processing and statistical ana-
lysis), making it easier to collect data during sports practice [8,
10, 11]. The purpose of sports performance analysis is supported
in two main approaches: biomechanics and notational analy-
sis [5]. Biomechanics focuses on individual sports techniques
and identifies key features with technique analysis to improve
performance. Notational analysis identifies strategic and tac-
tical issues in sport with gross movements or movement pat-
terns analysis in games or teams. Notation systems are used for
tactical evaluation (players positions; play patterns), technical
evaluation (actions with success and errors), movement analy-
sis (number of actions, sequences, and time-motion relations),
and development of a database and modelling (big data allows
profiles of performance). We can see an increased sophistica-
tion on used methods in performance analysis with a wide range
of research topics (critical incidents and perturbations; analysis
of coach behaviour; performance indicators for different sports;
work-rate analysis and evaluation of injury risk; analysis of tech-
nique; technical effectiveness; tactical patterns of play; perfor-
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mance profiling) that should evolve over the years according to
different perspectives and research approach [6].

Almost at the beginning of sports performance research it
was argued that instead of giving so much emphasis to physio-
logical variables, it is important to find variables that are directly
related to competitive outcomes of athletes or teams that sup-
posedly influence these results [3]. In addition to the analysis of
the structure of games and the behaviour of players, the use of
performance indicators is a way of achieving an objective analy-
sis and interpretation of data [3, 4]. A performance indicator is
“an objectively measured performance variable, or a combina-
tion of such performance variables, related to successful perfor-
mance or outcome” [4]. These authors state that performance
indicators are chosen depending on the starting question and
the intended analysis. In biomechanical analysis, performance
indicators are kinematic variables (segment angles and speeds,
ball release angle and speed, weight transfer). In notational
analysis, performance indicators are match classification indi-
cators (scores, number of shots), technical indicators (winners,
errors, types of shots, tackles won and lost), and tactical indi-
cators (pace of attack, passing distribution, field placing). The
relationship between individual performance indicators and the
team's result makes it possible to verify the impact of each play-
er on the team's performance [12].

Although sports performance analysis has evolved in accor-
dance with the methodologies used in data collection in com-
petition practice, there are still doubts in its conceptualization.
This approach is supported by the sub-disciplines of sports
biomechanics and notational analysis but has little regard for
other areas of sports sciences. The performance indicators used
do not illustrate the entirety of human motor performance. Al-
though this approach is increasingly recognized in the scien-
tific community, the support given to athletes and coaches to
improve performance is less clear [13]. Having identified these
problems, we have the constraints-based approach as an alter-
native, considering that it is more accessible to athletes and
coaches [13, 14]. In ecological dynamics, the constraints-based
approach is used, and in performance analysis it focuses on how
the performance of players and the team is regulated in compe-
tition. This performance analysis is supported by the interaction
of the performer, environment and tasks constraints that shape
the athlete's performance behaviours [15]. This idea is reinfor-
ced with the possibility of identifying the experts' performance
through the functional relationship between the constraints of
environment and the performer's resources [16]. And it is confir-
med with the results of the research [17] where three constraints
(athlete intentionality, wind effects on run-up and jump phases,
and adhering to rules of the sport) were identified that shape
the behaviour of elite long jumpers.

Although there are references to tasks carried out in sport
and that performance indicators must be related to actions con-
nected to performance outcome, it seems that not much atten-
tion is given to the analysis of the task. It is true that there are
references that highlight the ecological approach in performan-
ce analysis, but the emphasis is given to the organism-environ-
ment relationship, with little emphasis on the task.

With this paper we intend to verify and reinforce the im-
portance of task analysis and its relationship with performance
analysis. Starting from the definition of task analysis, we will
address the process of task analysis and its use in sports scien-
ces. To conclude, we seek to discuss the different examples of
research in performance analysis where task analysis was used.
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Task definition

The task is the unit of activity, in each environment, develo-
ped according to a stimulus, which can be intrinsic or extrinsic,
requires more than one operation, and has a defined goal [18,
19]. In sports science, it is normally called a motor task and it can
be seen as human behaviour, framed in a system, with objectives
and with an environment that presents constraints [20]. This
definition includes the notion of goal that the task proposes to
the performer and that of constraints, which must be respected,
because they influence and limit the subject's action [18, 21, 22,
23]. So, the performer must mobilize bioenergetic, bioinforma-
tional, and affective resources, as a way of overcoming the con-
straints imposed on him by the task [18]. The constraints related
to the task are spatial characteristics; temporal characteristics;
the characteristics of the tools or objects used; the procedures
imposed by the rules; the degree of uncertainty; communica-
tion (absence, cooperation, and opposition). The constraints
related to the individual with morphological characteristics
(weight, height, bone structure and muscular structure); neu-
rophysiological characteristics (sensitivity of sensory receptors,
visual capacity, ability to collect and process information) and
technical level. The constraints related to the environment are
physical variables (light, temperature, rain, wind, altitude, air,
water, land); the spatial configuration; the temporal configura-
tion; social features [18, 21, 23]. From an ecological perspective,
the action (technique) is chosen by the individual, depending
on the constraints of the task, environment, and the performer
himself, giving rise to the final product (result), which must be
compared with the objective of the task [21]. The same idea is
shared by others [24], adding, however, that the action can be
understood as a situational optimization, because the optimal
adjustment between personal, environmental and task factors
is sought.

Performer

(adapted from Nitsch & Munzert, 2002; Davis & Burton, 1991)

Figure 1. Ecological approach of action process.

Technique can be defined as “a sequence of experienced,
functional and effective movements, which serves to solve a de-
fined task in sporting situations”, adding, to the others, the re-
lationship with experience and the sporting situation [25]. That
is, it corresponds to the action necessary to carry out the task.
Technique is based on different arguments about the best way
to perform the task, considering the individual's response capa-
bilities and environmental constraints, including the regulation
[26]. Related to the best way to perform the task and with the
idea of experienced movements, the notion of ideal technique
and objective technique was presented [25, 26]. The ideal tech-
nique is associated with the suitable procedure to perform the



Moreira et al.: IS TASK ANALYSIS A CONTRIBUTING FACTOR ...

task, based on current scientific knowledge, where it is consi-
dered a reference execution based on the understanding of the
technique. The objective technique is the resolution of the task,
depending on the ideal technique adapted to the response ca-
pabilities of individuals, associated with the explanation and
adaptation of the technique, to the conditions of the performer
and the environment.

We therefore understand that the technique is a set of mo-
tor actions to achieve the goals proposed by the tasks in an effi-
cient way, based on the execution pattern and depending on the
objective technique, where the constraints of the performer and
the environment are considered.

Task classification

There are classification principles for classifying tasks,
which allow identifying which attributes to consider: observa-
tion and description of execution, identification of necessary
behaviours, necessary skills, related to the description of the
task based on process, function or performance, and the charac-
teristics of the task associated with the conditions and compo-
nents of the task [18, 27]. The domain of classification is divided
into cognitive, affective, and psychomotor domains [28]. There
was an attempt to classify psychomotor behaviours as a function
of task variables [29], and other attributes considering the exi-
stence of the categories of closed and open movements. Closed
tasks are those where environmental conditions are constant
during execution and open tasks are those where the objects
and people involved move [30]. Regarding the conditions impo-
sed by the environment, the task could be with a rhythm impo-
sed by the subject (self-paced), since the environment is static,
or with a rhythm imposed by the subject (externally paced), if
the environment is dynamic. Through the presence of feedback,
it is possible to make a distinction between closed-loop tasks,
where it can be present continuously, and open-loop tasks, whe-
re its presence is terminal [31]. With a classification of the task
from an ecological perspective, the categories are according to
function and intention and not by mechanism. In other words,
the same function can be achieved by different anatomical or
neurological mechanisms. So, they have a proposal with just two
categories, functional tasks, and related tasks, but movement
patterns and performance outcomes must be considered [21].
There are fixed sequence tasks which are tasks with pre-deter-
mined actions and can be described with a flow diagram and
variable sequence tasks which are more complex tasks such as
sports tasks with unpredictable sequences [32].

Task analysis

Definition and types of task analysis

Through task analysis we are able to find information that
can be used, for example, in terms of safety, productivity, perso-
nal characteristics, technique and performance acquisition [33].
We can consider that it is a prerequisite for the development of
a training programme, helping to identify needs, specify objec-
tives, as well as content [34]. Task analysis can be defined as the
study of actions, or cognitive processes, developed by a perfor-
mer, or set of performers, to achieve an objective [21, 33].

The different types of task analysis that exist are, depending
on the dimensions of the analysis process [34]: Purpose - the
analysis can have several objectives and the techniques used can
serve several purposes; Subject — analysis can be task or indi-
vidual oriented; Nomenclature - task analysis is a more com-
prehensive term than technique analysis, which can be seen as
the analysis of motor actions or as the analysis of relationships
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between different techniques through taxonomy; Descriptive
terms - arise depending on the subject, with the descriptions
of a task-oriented analysis (motor aspects) being different from
one oriented to the individual (cognitive aspects); Structuring
procedures - descriptive terms are structured or classified with
a theoretical, practical, or statistical basis; Data sources and
collection methods - there are different data sources and col-
lection methods. Within this logic there are different types of
motor task analysis depending on the procedures: information
processing, where a cause-and-effect relationship is sought be-
tween stimuli and responses; rational, when seeking ideal per-
formance, depending on motor skills or anatomical description;
development, when identifying the physical principles, environ-
mental factors and elements of movement and then stipulating,
for each of the factors, a level of complexity, between simple and
complex; ecological, when it takes into account the relationship
between the needs of the task and the constraints of the perfor-
mer and involvement [21].

Stages of task analysis process

Task analysis process is a methodology, with a certain num-
ber of techniques, which is divided into four stages: data col-
lection, description, analysis, and application [33, 35]. The first
stage of task analysis is data collection and itself consists of
different methods, according to several authors [33, 34], from
which we highlight: Document analysis - through consultation,
compilation, and interpretation of existing data in various docu-
mentation, it is possible to find information on different aspects
relating to the new analysis to be carried out; Observation -
through direct observation or video recordings it is possible to
collect information to identify the tasks and actions carried out,
their frequency, the sequences carried out and the time spent;
Critical incidents - through data relating to incidents, with in-
fluence on the performance of tasks, with positive or negative
effects on achieving objectives; Questionnaires - through a set
of questions organized on a sheet for the person carrying out the
task to answer, they make it possible to quickly collect a lot of
information from many individuals; Interviews - through a set
of questions posed by the interviewer, which may or may not be
structured in a pre-defined order, they allow the interviewee's
answers to be known, which can be recorded in audio records;
Inventories - through a list of tasks or techniques organized ac-
cording to who performs them and the opinion of experts, it is
possible to evaluate the quality of the performance and diagnose
training needs.

The second stage of task analysis is description, which also
consists of several methods, according to several authors [20,
27,33, 34], highlighting: Diagrams - a way of representing tasks
or techniques in a schematic and sequential way, with concise
content and quick reading; Decomposition — by dividing the
task into parts, it allows the information to be detailed with
the most detailed description of each of these task elements;
Hierarchical task analysis - the description is hierarchical with
the identification of intermediate tasks and operations neces-
sary to achieve the objectives, allowing an analysis in detail,
whether reduced or extensive, depending on needs; Taxono-
mies - through the classification of tasks and techniques it is
possible to identify their components more easily, as well as the
relationship between tasks, allowing learning levels to be struc-
tured [36, 37].

The third stage of task analysis is analysis which consists
of identifying the factors (task, environment, and performer
constraints) that influence the performance outcome and what
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must be done (action/technique) to achieve the task goal [2],
33]: Assessment of behaviours - as a way of knowing what co-
uld be wrong when performing the task; Needs assessment - to
know the context in which the task takes place and the condi-
tions necessary for its execution. For this analysis we have the
essential variables (invariant features) that are related to move-
ments that ensure the dynamics of the action and allow achie-
ving the task goal, and nonessential variables (task variations)
can be the scale changes, within which the essential variables
are constants (length, mass, time, direction, used objects size
and weight) [21]. The variables related to the performer can be
height, weight, limbs size, feet and hands size, and physical ca-
pacity (coordination, flexibility, speed, strength). The variables
related to the environment can be light, floor characteristics,
temperature, wind, and rain, among others.

The fourth stage of task analysis is application where you
try to make the necessary changes to achieve the task goal or
to improve performance outcome. With the relationship be-
tween the task variables and the performer variables, previously
identified, it is possible to provide more favourable situations
to achieve the task goal or provide more difficult tasks without
changing the task goal (in throwing, the size or weight of the
object can be changed, as well as the distance to be covered).
This approach allows changes in the movement pattern and per-
formance outcomes [21].

Sports task analysis

In sports sciences we can consider that there are examples
of its use in ergonomics, psychomotor rehabilitation, physio-
therapy, dance and of course in sports performance. Sports task
analysis has been developed with the aim of better understan-
ding techniques, improving coaches' intervention and athletes'
performance, through identifying flaws in execution [38, 39].
However, the terminology is as varied as the intervention per-
spectives: sports analysis [40]; task analysis [41]; technique ana-
lysis, which also takes on different terms such as “skill” [42] and
“technique” [39]; movement analysis [9, 38, 43].

The analysis is differentiated depending on the nature of
the data collected and the way in which the collection is car-
ried out, with several methods available for each type of analy-
sis: Qualitative analysis is considered a more accessible instru-
ment because it is more subjective in nature, but it is based on
scientific methods, requires data from several disciplines and
involves a systematic application [38, 39]; Quantitative analysis
makes it possible to measure aspects related to the technique,
called performance parameters, associated with biomechanics
and physiology [38, 39]; Predictive analysis emerged with the
development of computer technology, which enabled the cre-
ation of mathematical models that allowed computer simula-
tions of the execution of tasks. These systems allow controlling
different variables, making it possible to predict the outcome of
simulated situations [39]; Structural analysis makes it possible
to understand and explain tasks through the systematization of
task components and constraints, the individual and the con-
text, taking as a reference the characteristics of the activity [44].

Task analysis begins with the description of the techniques
to be used, through a taxonomy, and subsequently the analy-
sis of the task components is carried out [45]. Or by choosing
the technique to be analysed and identifying the components
and environmental factors that influence the task [21]. But also,
it can begin with the structural analysis of the activity, to then
consider the specificities of the modalities, through the rules,
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and finally analyse the parameters of the game, the tactical,
technical and mechanics [4]. Task analysis is to identify the
components of the technique and the way in which they sho-
uld be presented in the learning process, facilitating the teache-
r's intervention in planning the session and managing it [41].
This analysis must begin with the determination of a terminal
and more general goal, and then describe the tasks/techniques
necessary to achieve that goal, which can be divided into dif-
ferent levels. The Matrix of Analysis for Sports Tasks (MAST)
was proposed based on a qualitative method to improve per-
formance [46]. The teaching and training strategies to improve
performance are reached after task analysis with a prior context
description supported with a sports taxonomy.

Task analysis procedures

Task analysis has a preparatory phase where pre-observa-
tion is carried out [38]. This phase must be supported by an ana-
lysis of the documentation but can be reinforced with informa-
tion provided by experts and finally by observation of identical
tasks. This phase must begin with the structural analysis of the
sport, to then consider the specificities of the modalities, thro-
ugh the rules, and finally analyse the general match indicators,
including the tactical, technical, and mechanical indicators.
In addition to this analysis, it is important to identify the ge-
neral and specific goals [4, 46]. Tasks have as their general goal
a function or what is necessary to achieve by the performer. The
specific goal is related to the actions (skill or movement execu-
tion) required to achieve the general goal [21]. At this stage it is
important to prepare what will be analysed by observing and
video recording from different angles [47]. To cross-reference
information and identify relevant details, it is important to see
the performance from both sides and from the front and rear.
It is possible to have more viewpoints depending on the diffe-
rent types of tasks. In addition to the different viewing angles,
it is important to watch the videos several times (at least five
replays; [38]), at a normal speed. The number of viewings de-
pend on observers’ expertise, sports knowledge, task and action
complexity, performers’ expertise. Before the next phase, it co-
uld also be important to watch the task in slow motion.

Afterwards, the task description must be carried out with
the phase analysis model [39]. It should start with the phase’s
identification. The preparation phase corresponds to the mo-
ment when the performer prepares the next motion and is ready
for action (i.e., end of approach run, ball throwing for tennis
serve, approach of the supporting foot to the ball for kicking, ...).
The retraction phase corresponds to the last preparatory action
which consists of a starting movement normally in a direction
opposite to the main action to enhance it (i.e., arm backswing
on final step for a jump, arm backswing for tennis serve, kicking
leg backswing for ball kick, ...). The action phase corresponds
to the main motion to achieve the task goal (i.e., take-off and
flight for a jump, arm forward swing for tennis serve, kicking
leg forward swing for ball kick, ...). The follow-through phase
corresponds to the final motion to slow down the main action
and link under control with next movement or skill (i.e., landing
from a jump, tennis serve arm deceleration and first steps, kic-
king leg deceleration and next step, ...). As a way of guiding this
process of dividing up a movement into phases, some authors
[39, 48] defend the idea of using a template that must contain
an illustration of the movement with video frames to make it
easier to understand. Each phase must have at least three fra-
mes, but in ballistic movements, images with a frame rate of 25
to 30 fps only allows you to have two frames in the retraction
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phase. To guarantee more images with the detail of the inter-
ception of moving objects, or trampoline take off, a frame rate
of 200 to 1000 fps is required [38]. For a better illustration it is
important to have a frame from phase beginning, another one
in the middle, and the last one in the phase end. The video sho-
uld be with the video camera in a 90° angle with the plane of
movement and, if possible, with the action from left to right.
If the movement is right-left orientated, the frames sequence
should be presented in a right-left sequence. The analysis must
be through the description of high-level executions from top
class athletes [47]. This is a body action description that could
be supported with key elements which are essential actions to
achieve the goals of each phase. In the preparatory phase, the
key elements may be related to the beginning of the movement
and the back swing actions, so it is expected to find actions with
some range of movement and speed, and a transfer of weight
between feet or hands. For the observer's attention to be focused
on spatial aspects, the observation should be oriented towards
bodily components, initially looking for the central part of the
movement (placement and displacement of the centre of mass),
and then observing the trunk and finally the extremities (head,
legs, and arms) [42]. In agreement regarding the orientation of
observation, we have 10 key points to focus attention: the ran-
ge of movement; the speed of movement; number of segments;
segment mobility; balance; coordination; compression; exten-
sion at launch/contact; aerial trajectory; rotation [49]. If each
one is considered in an easily identified range, knowing the up-
perand lower limits, it can be manipulated like a potentiometer,
which will facilitate the analysis process. A description of the
body's actions can then be carried out for each of the phases.
This description must begin in the anatomical position and may
have a down-up or up-down sequence (feet, knees, hip, trunk,
arms, and head) [48]. Considering the planes of movement, the
actions of flexion or extension, adduction or abduction, dorsi-
flexion or plantar flexion and eversion or inversion (feet), cir-
cumduction and elevation or depression (arms), and forward or
backward tilt (pelvic girdle), must be identified. Regarding the
actions on the axes, we must identify whether the rotation in the
frontal axis is forward or backward, in the sagittal axis or in the
vertical axis, if it is to the left or to the right [43]. The description
must be completed with the identification of the mechanical
principles of the movement. It is necessary to identify whether
the movement is linear or rotational, and what the body or seg-
mental speed is, and whether there is linear or rotary stability,
identifying the position of the centre of mass (CoM), the line of
gravity (LG) and its relationship with the base of support (BoS).
The movement can also be with an aerial trajectory or with pro-
jection of objects, which is why it is necessary to consider the
release angle or take-off angle, the height of the flight and the
flight trajectory (CoM trajectory). Finally, we have mechanical
aspects related to the environment, with hydrostatic pressure
(fluids), drag and lift forces normally being present [43, 47, 48].
Since observation is the stage where information is collected, it
can be direct or through recording of events, and it is from there
that the evaluation takes place [9]. It is at this point that we look
for the positive and negative aspects of the execution and the
diagnosis is made, deciding on the possibilities of intervention
[38].

The assessment is then based on two methods for identi-
fying faults: sequential, by dividing the movement into phases
and subsequent comparison with the correct movement; and
mechanical, where the evaluation is made based on mechanical
data, comparing them with those achieved by the best perfor-
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mers [50]. The notion of correct movement is identical to that
of ideal technique, already presented, but which is complemen-
ted with its graphic representation for each of the phases of the
movement, giving rise to a formatting of the technique that will
serve as a reference for the evaluation [50]. However, this me-
thod limits a critical analysis of the technique performed and
can therefore be used inappropriately [39]. But in the diagnosis
process, the strategies, such as the need to relate the problems
observed with previous events, which are often the causes of the
error, help to find solutions to apply them in sequence, from the
beginning to the end of the movement and from the easiest to
the most difficult, as well as correcting from bottom to top from
the base of support [38]. These strategies reinforce the asses-
sment process and facilitate intervention.

The last stage is about improving performance or correcting
errors and must begin with identifying the most relevant para-
meters, leaving the others for future analysis and intervention.
It is essential to fit this intervention into the season planning
considering the time needed to achieve results in these perfor-
mance improvements. Sometimes the lack of time can mean
that it is a better choice to make minor changes [47]. One of the
main solutions to improve performance is the use of augmented
feedback. This can be with information about the result of the
movement and its relationship with the objectives (knowledge
of results), or with information about the movement process
related with the execution (knowledge of performance). Some-
times this feedback could be with visual models or with manual
and mechanical guidance. Another approach may be through
changes in practice. These changes can be made manipulating
task constraints (modifying the environment and the equip-
ment used), but also by changing the techniques used, as long
as the task goal remains [22, 38, 46].

Performance analysis with task analysis

With the collection of information carried out regarding
performance analysis, we found references that refer to biome-
chanical analysis and notational analysis as the main method-
ologies [13]. Performance indicators were also presented as in-
dividual, or team variables related to successful outcomes [4].
However, we found that there are doubts regarding the lack of
support from other areas of sports science as well as real sup-
port for athletes and coaches to improve performance [13]. The
ecological dynamics approach is presented as a possible solu-
tion and although the constraints of the task, the performer and
the environment are identified, it is the relationship between
these last two that receives the most attention [13, 14]. Both for
the quality of data analysis and for intervention, it is important
to understand the tasks and manipulate them to improve per-
formance. Therefore, it is important to reinforce performance
analysis by paying greater attention to task analysis. This path
is already being followed with some research carried out, but it
is important that this message reaches coaches and athletes to
make their work easier. In this final section of our paper, we will
analyse some of the published research with a few of the exam-
ples that we can follow.

Task analysis to research/understand performance

I-Long jump [17]

In this first example, ecological dynamics in performance
analysis of long jump in elite level competitions (Diamond
League, World Championships, and Olympic Games) was used.
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The variables that could potentially influence performance were
identified through other investigations, as proposed in the first
phase of the task analysis procedures. The main personal con-
straint is specific intentions during the performance. Environ-
ment constraints include physical and social variables. Task
constraints include rules of a sport and the presence of the 20
cm wide take-off board. Through descriptive statistics, the ef-
fects of competition on jump length, jump classification (legal
or foul jumps), round and years were analysed. To identify which
variables best contribute to predicting the horizontal jump dis-
tance, a mixed linear model was developed. As a result of this
research, it is suggested that the main constraints of the per-
former in the long jump are their expected goals and their rela-
tionship with the next jump. The main environment constraint
is the wind strength and direction, and the task constraint is
requirement for front foot relation with the take-off board. The
main conclusions highlight the importance of coaches design-
ing training tasks in an ecological logic and based on the main
constraints of competition. But they also highlight the possi-
bility of this approach revealing more information about per-
formance variables, which can be shaped by competition, and
which can be related to other sports with identical situations
(i.e., run-up present in the long jump as in vault jump in gym-
nastics, among others). In this research, sports task analysis was
partially used, with the idea that a prior characterization of the
modality would reinforce the possibility of similarity of actions,
as well as a phase analysis that would better explain the rela-
tionship between movements (actions). A more in-depth task
analysis could also help to better identify task constraints and
explain solutions to tasks to be presented in training.

2 - Football hand-ball fouls [51, 52]

Because of the difficulties of football referees and assis-
tant referees in analysing and applying the rules when it comes
to calling the ball foul, task analysis research was carried out.
The first phase consisted of bibliographical support of refer-
ence studies and experts' opinions (experienced Portuguese
top-standard referees and assistant referees) to identify the
most common situations and where they had the most difficulty
in identifying fouls. As we know, in these refereeing situations,
the main constraint of the task are the rules of the game, which
includes a subjective feature called “deliberate act” (in Law XI],
FIFA booklet Laws of the Game). Because the deliberate act is
considered one of the most difficult to identify, the movement
patterns of situations such as running, vertical jumping and
raising the arm to reach the ball present in other sports were
analysed (phase analysis). The experts also mentioned that it
is difficult to identify the infringement when it is related to the
distance between the opponent and the ball. 2.5 m or more was
identified as the distance from which it is possible to react in-
tentionally to the trajectory of the ball. This value is achieved
through phase analysis, where the time of the action phase (be-
tween the toe-off and the ball-contact) and the constraints of
the performer (visuomotor delay) and the task (ball speed) are
identified. As a conclusion, it is mentioned that the referees’'
knowledge regarding the analysis of the most common move-
ments must be improved. A more in-depth task analysis could
also help to better identify referees’ performance with major
competitions research and presenting solutions to tasks to be
used in referees’ training.
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Task analysis to find identical goals and train in different envi-
ronments to improve performance

I - Gymnastics [53, 54]

The research was carried out to understand if the double
somersault with half twist performed in different environments
associated with different gymnastics disciplines would have
identical performance indicators. The aim was also to justify
new evidence-based training tasks if these similarities occurred.
A phase analysis was presented for the Handspring 12 front
jump with % twist (vault artistic gymnastics), Barani out in
Trampoline and in Double mini trampoline (trampoline gym-
nastics) with the description of the segmental actions and the
mechanical principles. With the identification of performance
indicators, 13 performances of international level Portuguese
gymnasts were analysed (biomechanical data of CoM velocity,
trunk angle, and take-off angle). Through the description it was
possible to see that all executions have a similar action, with
the vault being slightly different because it has an arm thrust
in the first somersault. Task constraints are different because
there are three different types of apparatus, but the task goal
is similar. The CoM speed is greater in tasks with run-up but
is similar at the time of take-off. The difference in the vault is
in the trunk angle and the take-off angle naturally due to the
presence of the platform (task constraint). With the similari-
ties found, they concluded that training on trampolines could
complement and benefit the vault training. Coaches designing
training tasks could improve with these performance indicators.
A more in-depth task analysis could also help to better identify
task constraints and have more information about performance
indicators while looking for evidence-based training solutions.

2 - Surfing [48]

This research is about performance indicators of elite surf-
ing aerial manoeuvres with 360° rotation to find evidence-based
solutions for training and injury prevention [48]. Task analysis
was performed including the identification of manoeuvres’ gen-
eral goal (surfer’s goal), identification of manoeuvres’ specific
goal (execution), and a phase analysis. Including the key fea-
tures of body actions, principles of movement, and surfboard
movement, it was presented for Frontside Air Reverse 360
(FSAR360) and Backside Air Reverse 360 (BSAR360), Front-
side Air (FSA) and Backside Air (BSA). Quantitative analysis
was carried out at FSAR360 (n = 68) and BSAR360 (n = 29) in
a total of 97 manoeuvres, and the aerial height, the base of sup-
port (BoS) width, the knee and ankle angles were identified as
performance indicators. Through the description at qualitative
analysis, it was possible to identify body actions and principles
of movement that seem to be common to all aerials (rotation of
the head and trunk; head, trunk, and arms flexion; triple-flex-
ion of the lower limbs; widening of the BoS). The results of the
quantitative analysis were presented with average values for the
performance indicators: aerial height (169.60 + 52.85 cm), BoS
width (79.17 £13.72 ¢m), and flexion angles of front knee (113.78
+19.90°) and front ankle (32.74 + 14.51°) during landing. These
authors conclude that the study was the first of a kind to use
the task analysis methodology in surfing with true performance
indicators because they were recorded based on performance
in competition. The data from this task analysis could support
evidence-based training programmes to improve aerials perfor-
mance with a replication of these key features and performance
indicators in dry-land aerial simulation tasks. This is really one
of the best examples of performance analysis with task analysis
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and can be a model to follow. It can be reinforced with the col-
lection of data from other performance indicators with method-
ology supported by other technological devices.

Conclusions

To identify a task, it is necessary to know what goals are to
be achieved, what actions should be taken, and what constraints
are related to the environment, the performer, and the task it-
self. The best way to perform the task related with the expertise
leads us to the technique definition. Task analysis is a meth-
odology originally used in different areas such as engineering,
ergonomics and more recently in the human-computer inter-
action. It is important to collect information about technique
acquisition, productivity and safety that will allow us to develop
training programmes and design a computer system [33, 55, 56].
Task analysis process is divided into four stages: data collection,
description, analysis, and application [33, 34, 35].

In sports science, task analysis is also used but with different
terminologies (sports analysis, task analysis, technique analysis,
movement analysis) according to the intervention perspective.
Sports task analysis must begin with the identification of gener-
al and specific goals [21], and has a preparatory phase, a task de-
scription (phase analysis), assessment (identifying faults), and
an intervention (improving performance or correcting errors
with feedback and manipulating task constraints). As a meth-
odology, sports task analysis allows a better understanding of
techniques, improving coaches' intervention and athletes' per-
formance.

Initially, performance analysis was based on biomechanical
and notational analysis with the identification of performance
indicators. Seeking to include other scientific areas of sports
science, the ecological dynamics approach was proposed, giving
greater emphasis to the performer-environment relationship
[13, 14]. The analysis of individual performance can be carried
out in any type of sport (individual, team, racket, combat), and
depending on the characteristics of each one, the constraints
of the performer, the environment and the task are considered.
If performance is directly affected by changes in task or environ-
mental conditions (constraints), then performers must know
what might happen. Therefore, they must know the actions
available to solve potential problems, requiring performance
analysis using task analysis. Apparently, there are only a few in-
vestigations that use task analysis, but the ones we found seem
to be a good contribution to performance analysis. The descrip-
tion of the segmental actions and the mechanical principles al-
lows us to find similarities between actions of different sports
modalities or disciplines. Which means the data from perfor-
mance task analysis could support evidence-based training
programmes with a replication of key features and performance
indicators in dry-land simulation tasks. The performance task
analysis of the most common movements could improve the
referees), judges) or coaches’ analysis practice that will lead to
a higher quality intervention.

Task analysis is a contributing factor to performance analy-
sis, but a more in-depth task analysis should be applied to bet-
ter identify task constraints and have more information about
performance indicators looking for evidence-based training
solutions. It is also important that performance indicators are
related to actions associated with performance outcome and
in accordance with sport and task knowledge. Future research
should include data collection of performance indicators sup-
ported by other technological devices, e.g. inertial measure-
ment units. We believe it is important to develop more research
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with this methodology, seeking to make performance analysis
more coach friendly.
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