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Abstract

This paper presents the design of effective feedback in the motor skill domain via Computer-based Sport Training (CBST) in order to support athletes‘ achievement of their intended training outcomes. With increasingly rapid development in Computer-based Sport Training (CBST), feedback plays an important role in both coaching and learning. A good CBST system includes not only good training strategies but also effective feedback design. Feedback in the motor skill domain via CBST may be synthetically designed to allow athletes to practise in a more effective way, and enhance their skill acquisition. Existing designs lack pedagogical elements. To bridge the gap, we propose a framework for the design of pedagogically-informed feedback based on; learning transactions, competence, cybernetics, and behaviourism. We present the design of effective feedback in the motor skill domain which focuses on the requirements and analysis stage. 



COMPUTER ASSISSTED INSTRUCTION, FEEDBACK, PEDAGOGY, COMPETENCE, INSTRUCTIONAL DESIGN
1.0 Introduction

In traditional sports training, the coach directs and improves the performance of athletes by giving information on techniques, tactics, and physiological demands whilst observing them. The volume of data generated means it is often not possible for a coach to track all the variables and information. Furthermore, the environment of training in large fields out of doors and the consequent scattering of athletes, make the coaches’ exact observation of the action of athletes difficult. To overcome these drawbacks, Computer-based technology (e.g., virtual reality, motion training systems, and ergometer machines) has been introduced into the sport domain and is used to record athletes’ performance 
 ADDIN EN.CITE 
(Beetz, Kirchlechner, & Lames, 2005; Guang-zhong, 2008; Liebermann, et al., 2002)
. Thus, CBST serves as both a stimulus towards and a method for the study of choices that athletes make during athlete-controlled training opportunities. 

The development of CBST has made it possible to augment and improve the feedback that athletes receive during training. Hardware-based feedback systems incorporate embedded sensors and devices into the sports equipment and use sensors attached to the athlete to acquire information about learning processes and the achievement of intended training and learning outcomes (Baca & Kornfeind, 2006). Through feedback, athletes recognize areas of deficiency in their knowledge and skills which they seek to remedy. 

Feedback can be intrinsic or extrinsic, the latter consisting of knowledge of results or knowledge of performance 
 ADDIN EN.CITE 
(Newell, Quinn, Sparrow, & Walter, 1983; Partridge, 1967; Schmidt, Lange, & Young, 1990)
. Knowledge of results allows performers to examine their efforts in relation to an externally defined goal 
 ADDIN EN.CITE 
(Goldstein & Rittenhouse, 1954; Locke, Cartledge, & Koeppel, 1968; Salmoni, Ross, Dill, & Zoeller, 1983; Stockbridge & Chambers, 1958)
. However, such information feedback provides only goal-related information and ignores knowledge of performance, which is information about how the action was completed. We suggest that pedagogically designed feedback in the motor skill domain would allow athletes to know both their performance goals and the performance changes needed to achieve some expected or learning training outcome. Such pedagogically designed feedback would allow adaptive training experiences that are tailored to the different needs and characteristics of athletes, especially in terms of their current competence.
Thus, the main research question that this paper seeks to address is the design of effective feedback to the athletes when using CBST.

In this paper we present the key components of feedback in the motor skill domain, propose a framework for pedagogical feedback, and construct a more detailed blueprint for its pedagogically informed design and provision. 
2.0
Motivation of this paper
Effective feedback to athletes has been identified as a key strategy in motor skill learning. Effective feedback supports athletes in developing their motivation, awareness about their learning process, and selection of the competences they wish to develop. This type of feedback provides some of the events of instruction described by Gagné and Driscoll (1988).
Effective feedback is specific, immediate, and contingent (Gilbert & Gale, 2008): appropriate and timely, suited to the needs of the situation, and sufficient. Feedback in CBST contributes to learning by allowing athletes to verify their movements, evaluate their progress, and determine the cause of errors. It also motivates them to remain involved in the training tasks, given that they perceive the feedback as helpful. This requires the active processing of feedback which is specific as well as feedback which addresses general metacognitive knowledge and strategies.
Hence, there exists a large variety of information that might be provided as feedback. The challenge for educational researchers and designers of CBST environments is to determine what constitutes effective and appropriate feedback for athletes in their training trajectory.

Currently, issues of feedback in the motor skill domain via CBST concern:

1. delivery of the feedback contents such as speed, accuracy, movement, time, and reaction time 
 ADDIN EN.CITE 
(Baudouin & Hawkins, 2004; Cheng & Hailes, 2008; Walls, Bertrand, Gale, & Saunders, 1998)
,

2. providing athletes with access to their feedback via an appropriate user interface (Cyboran, 1995), and

3. modality of feedback, such as visual, audio, tactile, and haptic feedback 
 ADDIN EN.CITE 
(Kwon & Gross, 2005; Philo Tan, et al., 2003)
.

Currently, feedback design is typically led by technology and fails to properly consider pedagogical issues. Feedback in CBST does not usually derive from the goals, actions, performances, outcomes, and contexts of a learning process. 
Thus, for pedagogical reasons, this paper proposes the design of effective feedback that can:

1. support athletes in their achievement of the underlying intended training and learning outcomes,

2. assist athletes in identifying the gaps in their performance, and

3. help athletes to determine performance expectations, identify what they have already learned and what they need to learn next, and judge their personal learning progress.

3.0
Pedagogically designed feedback
The inputs to the pedagogically designed feedback in the motor skill domain are illustrated in summary in Figure 1. 

[image: image1.jpg]Learning
transaction

Competence

Cybernetics

Behaviourism

Pedagogically designed

feedback in the motor skill

domain





Figure 1: Inputs to the development of pedagogically designed feedback in the motor skill domain

The four inputs are the learning transaction, competency, cybernetics and behaviourism. These components were chosen as they repetitively surfaced in research as the keys to effective teaching and learning.

3.1
Learning transaction

The learning transaction is a model (see Figure 2) of “what goes on” at the coach-athlete interface (Gilbert & Gale, 2008), providing an overview of what is needed to analyze, design and implement pedagogically designed. It is a simplified version of the ‘learning conversation’ (Laurillard, 2001), based on active learning tasks, goal setting, reflection and adaptation. Interaction between the athlete and coach is central to the skill acquisition. A key of the learning transaction is that it is a dynamic and dependent dialogue: each iteration occurs as a sequence of coach - athlete interaction involving description, performance, and interpretation of their impact in the world of action. 
During a training session, effective instruction would be crucial to the pursuit of optimal sporting performance, as the more effective the instruction, the more the coach’s role will benefit athlete performance. Such instruction requires the application of skills that range from the planning and organization of learning experiences to the presentation of instructional and feedback information. Hence, the primary role of coach and athlete is to stimulate the performance of training activities that will progressively result in the attainment of the intended training and learning objectives. The coach defines the tasks, provides the contexts and resources to perform the tasks, supports the athlete during task performance, and provides feedback about the results. This may involve providing instruction about optimal movement patterns or feedback on errors relating to specific task goals.

It is anticipated that pedagogical feedback in this context can be straightforwardly designed and engineered, given an appropriate specification of the intended objectives as they are required to be learned in a CBST.
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Figure 2: Learning transaction diagram (Gilbert & Gale, 2008)
3.2
Competence
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Figure 3: Competence conceptual model (Sitthisak, 2009)
A competence may be defined as any form of knowledge, skill, attitude, ability or educational objective that can be described in a context of learning, education or training (Sampson, Karampiperis, & Fytros, 2007). The notion of competence is important for optimizing skill acquisition, since the term ‘competence’ can be considered as  a subject matter component, based upon knowledge representation models, an action component (capability) which describes how the knowledge or subject matter is used (Figure 3), and a context in which the competency is evidenced. 
There are taxonomies which classify the action components, such as Dave’s taxonomy (Kennedy, Hyland, & Ryan, 2007). The classified action components describe different motor skill processing modes and can be characterised with specific action verbs. 
Dave’s taxonomy provides a qualitative way of organizing skills consisting of five levels of skills, in increasing order of competency:

1. Imitation: Observing the behaviour of another person and copying this behaviour. This is the first stage in learning a complex skill.

2. Manipulation: Ability to perform certain actions by following instructions and practicing skills.

3. Precision: At this level, the athlete has the ability to carry out a task with few errors and become more precise without the presence of the original source. The skill has been attained and proficiency is indicated by smooth and accurate performance.

4. Articulation: Ability to co-ordinate a series of actions by combining two or more skills. Patterns can be modified to fit special requirements or solve a problem.

5. Naturalisation: Displays a high level of performance naturally (“without thinking”). Skills are combined, sequenced and performed consistently with ease.
3.3
Cybernetics 

[image: image4.jpg]Control





Figure 4: Basic cybernetics model (Pratt, 1978)
It is well-known that the development of cybernetics as a modern discipline with a distinctive influence on almost all branches of science and technology follows from Norbert Wiener's publication on the subject in 1984 (cited by Roos & Hamilton, 2005). In this paper, the cybernetic orientation views the athlete as an element in a larger human-machine or a human-computer system. The athlete is not merely reacting to external stimuli and not merely processing perceptions internally; the athlete reacts to information and processes that information in cooperation with the instructional media. This orientation to learning is most applicable to designers of computer-based instruction.
Cybernetics provides a model where discrepancies in performance capabilities can be identified and corrective action taken (Figure 4). If there are discrepancies, the behaviour of the controlled system is changed according to differences in actual output and required standard. Ultimately, feedback governs the changes in communication, which changes behaviour, which changes the communication, and so on in a circular feedback loop that enables a system to maintain a desired state. Cybernetics may provide a different and interesting explanation for why a particular approach seems to work while another does not.
In accordance with such engineering models, closed loop systems were designed to keep homeostasis or equilibrium around a reference value, which, in turn, would allow the work of a main actuator (Scott, Shurville, Maclean, & Cong, 2007). Deviations from the steady-state reference were coded as error, which would then drive the system to compensate or correct. That is, in movement science, feedback information about movement was generally expected to allow systematic corrections in the performance. However, feedback will be relevant to the human learner if, and only if, the individual knows the performance goal and perceives the need to carry out corrections relative to some expected outcome. Under such assumptions, a coach should strive to provide an environment that is conducive to optimum learning by augmenting the feedback that athletes receive. Feedback should thus enable athletes to modify their movements and produce optimum performance.

The analysis of pedagogic feedback in the motor skill domain from a cybernetic point of view has four major components; 
1. measurement of the current competency of the athlete, 
2. statement of the required standard of the competency, 
3. comparison of the current competency to the required competency, and 
4. corrective feedback and information. 
3.4 Behaviourism

The question of how people acquire novel motor skills has long been a topic of interest. This dates back to the early work of the behaviourists (e.g. Thorndike, 1927; Skinner, 1953) (cited by Mergel, 1998), when the outcome of the movement and the determination environmental contingencies were of primary significance.

The term reinforcement, which refers in general to the effects made upon learning by its consequences, continues to play a prominent role in the explanation of learning phenomena. Once learners have exhibited the new performance made possible by learning, they at once perceive that they have achieved the anticipated goal. This informational feedback is what many learning theories consider essential to the process called reinforcement. This process is of widespread significance to human behaviour, particularly to human learning. According to this conception, reinforcement works in human learning because the expectancy established at the beginning of learning is now confirmed during the feedback phase. The process of reinforcement operates in the human being not because a reward is actually provided, but because an anticipation of reinforcer is confirmed.
From a behaviourist perspective, pedagogical feedback should be designed as a result of the task analysis. A task analysis is a step-by-step description of the performance that the task represents, and results in the identification of (1) the executive subroutine that must be learned in order for the athlete to carry out the task, and (2) the links between the individual task procedures, each of which must be recalled from previous learning or newly learned (Gagné & Driscoll, 1988). Task analysis is done for performance support tools since it elicits knowledge for design purposes, provides a reference for evaluation and ensures the efficiency and accuracy of the resulting system. The aim of task analyses is to identify domain-specific subject matter content (e.g. facts, concepts, procedures and, principles).
Pedagogically designed feedback, therefore determines whether the athlete has acquired all the links of the chains in all the specific R-S units. Since every link is the response for the succeeding link, the absence of one link means that the skill cannot be performed. The feedback also determines if the athlete has learned all the components.

A skill is a series or chain of movements, with each link and individual Response-Stimulus (R-S) unit acting as a stimulus for the next link. The term “contingency” is used to refer to the “if-then” relation, which connects behaviour with its consequences. In a contingency, then, a response is an operant, and its effect is upon the environment. The connection between them is the contingency.
Chains of motor responses become the components of motor skills, often as part-skills. These latter are combined into organized motor performances which continued practice invest with smoothness and precise timing. Each link of the chain to be acquired must have been previously learned as an R-S association.

The contingencies of reinforcement must be suitably arranged so that the reinforcement is made contingent upon the occurrence of the behavior to be learned. This means that feedback must be arranged so that some reinforcing activity follows closely the occurrence of the desired receptive behavior 

5.0
Framework for design feedback based on pedagogy
The framework of pedagogical feedback in the motor skill domain (see Figure 5) draws a picture of how the principles from learning transaction, competency, cybernetics, and behaviourism work together to build sound pedagogical feedback for the implementation of a CBST system. The objective of the framework is to identify and represen the athlete’s current knowledge and the competence level s/he wants to achieve, and using those to formulate their personal competence development plan.
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Figure 5: Framework of pedagogical feedback in the motor skill domain

The framework shows how the iterative cycles required for learning work together. The essential steps are active learning, feedback, and reflection. In particular, the framework offers a more complex appreciation of the nature of a coach athlete interaction and the nature of feedback to facilitate learning. The learning experience explicitly builds on the learning transaction theory.

The framework can be seen as a lifecycle which aims at the continuous enhancement and development of an athlete’s competence. Additionally, it might assist in increasing consciousness and focus on personal competence development. The main steps of this lifecycle can be identified as follows: 
1. The creation of a competence model from the coach.

Competence models are used to inform the design of appropriate learning activities so as to minimize the gap between the required competences of a given curriculum and the ones owned by an individual athlete. 
The required competence will influence what behaviours are exhibited by the learner and thus influence the selection of an initial response. A certain strategy may be adopted as a result of this information, such as avoidance or adoption of a particular movement behaviour.

An athlete typically engages in a series of training activities to acquire a certain competence. The athlete determines which competences s/he wants to develop. Once this decision has been made, the athlete has a choice. One very quick route is to go directly to the competence development activities, based on the learner’s interests and proceed by collecting evidence, which shows the athlete’s current proficiency level. After the athlete has collected this evidence, they can again choose: either they can have their proficiency level officially recognized by others, or they can go directly to the training activities. 
2. The gap analysis between required competences and current competence of the athletes

Whenever an athlete with a particular learning goal that can be interpreted in terms of a set of competences with particular proficiency levels, the competence comparator measures the performance of the athlete and compares it with the required competence as defined by the coach. The result is a gap analysis, which yields the required feedback and information output. The feedback generated is based on the results from the assessment that reflect the attainment of the intended learning outcome. During learning, personalised learning activities are continuously monitored and the data corrected used for feedback generation. For athletes this implies that they should be advised on the learning possibilities that match their current competence level and that work toward their desired competence level (learning goals), taking into account their restrictions and preferences. 
3. The continuous performance monitoring and assessment to confirm improvement.

A ‘portfolio’ serves several roles in competence development. A portfolio is a dynamic collection of authentic and diverse evidence that represent which competencies a person has developed over time. It provides (a) profiles of competencies, and (b) opportunities for athletes to document their competencies in different contexts. Athletes define these evidences through a self-reflection process through which they attribute their competences to learning outcomes, and reflect on how they acquired such competences. From the pedagogical point of view, this process helps athletes better to understand themselves (knowledge-self) and become self-directed learners.
6.0
How to design effective feedback to the athletes when using CBST?

The data flow diagram of Figure 6 presents the feedback system functionality, illustrating the data that is exchanged between the system and the environment, and the main data flows within the system. The purpose of the feedback system is the collection of traces of athlete actions and to present feedback based upon these traces to the athlete. 
6.1
Manage athlete competence profile

In order to take any practical steps towards achieving intended learning outcomes of their training, the athlete needs to find or create an appropriate target competence profile which will provide the basis for defining a path for reaching it. In order to offer the right training activities to athletes at the right time, the system will have complete, accurate, and reliable information about athletes and training activities. Concretely speaking, the system need to know athletes’ competence profiles (a set of competences at a particular level of proficiency) and the required competence profiles and objective competence profiles of courses and training programs. Athlete personal competence result from his/her personal portfolio, personal information available, formal, accredited learning as well as from experience gained in informal learning situations.
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Figure 6: Feedback system data flow diagram
6.2
Clustering performance

Having determined the required competence, the system will cluster the athlete performance onto the set of acquired competence. Sensors are responsible for capturing appropriate measures of the athlete’s interactions. 
6.3
Compare competence

The system will map both athlete and coach competences in generating a gap analysis of the athlete's performances. This involves assessment of current competences and a comparison of competences.
6.4
Addressing the gap

Feedback relies on the athlete’s previous actions as well as on the interaction context in which an action occurs. This feedback is critical for learning. Important questions to consider are how often should feedback be provided, how precise this should be and when it should be provided. Without the knowledge that an error has been made, the athlete will not be motivated to change their response on the next trial and thus improve performance. Feedback relating to the movement should be as simple as possible and convey important information about their intended learning outcome. This feedback should be compatible with the required competence, such that error information is easily attainable to determine the intended learning outcome.

Whenever an athlete has performed a training activity, the relevant proficiency level of the athlete will be automatically updated if previous level was lower than the required proficiency level. This automatic mechanism can timely trace the competence development without adding human users’ burden to do assessment work. The fusion process of this method takes only the newest competence record into account. Using this method implies that the associated competences of all learning activities and assessment activities in the learning network are appropriately described and they are equally credible and trustworthy. If the objective proficiency level of one activity is described higher than the actual associated competence, after an athlete successfully performs this activity, the competence estimate of the athlete will be updated to a level that may be higher than the level of potential competence. 

Once the system decides how much feedback to give, it must determine the content of the advice. The feedback should contain enough information so that the athlete can proceed to the next step. Furthermore, the advice given to the athlete should be appropriate for their ability level. By using this technique, athlete will not be required to wade through many levels of hints before receiving useful help. However, the athlete is usually not interested in the details; they rather want to know about higher level information such as “progress” or “achievements”. Therefore it is not useful to show each event or cue separately. 
6.5
Generate competence achievement
Competences can be acquired at different levels. These levels are modeled via proficiency levels, each representing a discrete ordinal measure to which a competence has been acquired. There may be a number of evidence records relevant to the same competence of an athlete, which originated from the same or/and different performances. A set of evidence records can be integrated into a competence record, which explicitly shows that an athlete has a known proficiency in a particular competence. The feedback relies on the athletes’ previous actions as well as on the interaction context in which the training occurs. 
7.0
Conclusion

The paper argues for the design of feedback based on pedagogy, and what is now needed is empirical evidence. The core deliverables of the research will be a simulator demonstrating effective feedback: engineering and pedagogic processes for motor skill competence development. We provide a machine-processable representation of competences, relationships among them and competence profiles. Such a design will be specially designed for reusability and allows advanced algorithms for competence gap analysis and profile matching.

Potential benefits for effective feedback in the motor skill domain include:

1. athletes can focus more specifically and more exactly where improvements are needed, 

2. athletes need not focus so much time on their training for what they have already learned, and can instead concentrate on areas of required improvement,

3. athletes can focus on personal competence development of the athlete by eliminating the gap between acquired and required competences, 

4. athletes avoid information overload since the system deliver personalised feedback, and 

5. athletes will find training that better matches their competences and preferences.
On-going research is being planned for experiments to validate pedagogically designed feedback in the motor skill domain. We believe that a pedagogical feedback in the motor skill domain is critical to successfully ensuring a pedagogic focus on coaching and learning activities. To do this, this paper has suggested that we must start from “what it takes to learn,” using all we know from learning theory, and construct a pedagogical framework with which to provide a strong challenge to the technology.
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