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Abstract  

A primary teaching goal for any sport is for participants to achieve a level of 

proficiency to enable participation in the sport. Coaches and sports federations make 

recommendations regarding which practice methods to use and researchers in motor 

learning have investigated the effectiveness of these practices. The focus of this study is 

the use of whole and part methods of practice for the teaching of tennis to beginners.   

There are differing views among both coaches and tennis federations as to the most 

appropriate practice methods for teaching basic tennis skills to beginners. This is 

especially so with respect to the use of whole and part practice (e.g., Hoskins-Burney, & 

Carrington, 2014; Rive, & Williams, 2013; Barber-Westin, et al., 2010; USPTA, 2009; 

ASEP, 2008; LTA, 2006; Fister & USPTA, 2005; Tessier, et al., 2005). In the field of 

motor learning the situation is also confusing with some studies finding in favour of part 

practice and others for whole practice. Furthermore there has been no study which has 

examined this question for tennis. Consequently, the purpose of this research was to 

identify the most suitable methods of practice for teaching the tennis skills of forehand 

and backhand drives to beginners in terms of whole and part practice. 

Study 1 focused on the validity and reliability of the International Tennis Federation 

(ITF) test which was used in the study.  Study 2 was an intervention where forehand and 

backhand drives were taught to beginner players use whole, part and combined whole 

and part practice methods. 

Sixty participants, made up of staff and students (undergraduate & postgraduate) at 

the University of Limerick, aged from 18 to 35 (age 26.58  4.14 yrs, height 1.67  0.06 

meter) were selected from a total number of 136 volunteers and were randomly allocate 

to form three practice groups (whole, part, and combined whole and part) and a control 

group which did not undergo an intervention. All participants took part in pre, post and 

retention tests.  

The results showed that the three experimental groups all made significant 

improvements in both forehand and backhand drive strokes from pre to post to retention 

tests as a result of practice. Also, there were no differences between the practice groups. 

The control group made no improvement. These findings are consistent with the large 

body of research in the field motor learning which has found equivocal results for whole 

and part learning. 
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Currently there is no strong evidence for either part or whole methods for the 

teaching for tennis strokes. However, it is recommended that whole and part 

methodology be further explored with particular reference to the simplification method. 

It is further recommended, that a study comparing the traditional stroke technique 

development methods with the teaching games for understanding (TGfU) approach be 

undertaken. In this study comparisons would be made for the effects of each approach 

on the technical execution of strokes and tactical decision making.  
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CHAPTER ONE 
 
 

INTRODUCTION 
 
 

1.1 Background 

Sports and games are a central part of physical education programmes. Proficiency in 

the practice of any sports and regular participation are the primary teaching and 

coaching goals. Individuals who are more competent and proficient at games or sports 

are less likely to dropout of playing sport (White, Duda, & Keller, 1998; Ewing & 

Seefeldt, 1996; Wankel & Kreisel, 1985) and are more likely to participate in physical 

activity and have more active lifestyles (Morgan, Barnett, Cliff, Okely, Scott, Cohen & 

Lubans, 2013; Kalaja, Jaakkola, Liukkonen, & Digelidis, 2012; Ericsson, 2011; Lubans, 

Morgan, Cliff, Barnett & Okely, 2010;Barnett, van Beurden, Morgan, Brooks, 

Beard,2009; Rink, French, & Tjeerdsma, 1996). 

Researchers, educators and other experts in the field of physical education and 

coaching are continuing to explore and refine the most effective means of the teaching 

and learning psychomotor skills. The following variables have all been found to have an 

impact on the effectiveness of teaching and learning psychomotor skills: scheduling and 

organising of practice; feedback; decision making; the situational and environmental 

context of the player (Magill, 2011; Schmidt & Wrisberg, 2008; Williams, Ward, 

Knowles, & Smeeton, 2002; Gréhaigne, Godbout, & Bouthier, 2001; Rink, 2001; 

Elliott, Binsted & Heath, 1999; Rink, 1996; Rink, French & Tjeerdsma, 1996; Werner, 

Bunker, & Thorpe, 1996; Elliott, Chua, Pollok, & Lyons, 1995; Turner & Martinek, 

1995a; 1995b; McPherson, 1991; Schmidt, 1991; Protean, Marteniuk, Girouard, & 

Dugas, 1987; Ziegler, 1987; Thorp, Bunker, & Almond, 1984).  

Success in tennis requires many attributes including speed, agility, endurance, mental 

alertness, and neuromuscular skill. While all are important at every level of play, skill is 

the dominant concern at the beginning and intermediate instructional levels (Wells, 

2011; Barber-Westin, Hermeto & Noyes, 2010; Wendorff, 2010; United States 

Professional Tennis Association [USPTA], 2009; Birkmire, Macci, Viancos, Riley & 
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Beyer, (2006); Lawn Tennis Association [LTA], 2006; Fister & USPTA, 2005; Tessier, 

Macci, Birkmire & USPTA, 2005; Matsuzaki, 2004; Birkmire, Tym, Tessier & USPTA, 

2003; Balaguer, Duda & Crespo, 1999; Purcell, 1981). 

Research indicates that in order to achieve excellence and expertise performers must 

engage in thousands of hours of deliberate practice i.e. practice whose sole aim is to 

improve performance and which may not be inherently enjoyable (e.g. Ericsson, 2007; 

Helsen, Starkes & Hodges, 1998; Ericsson, Krampe, & Tesch-Romer, 1993).  

Skill in games is made up of both technique i.e. the movement (technical) part or 

“how to do” and the decision or tactical part i.e. “what and when to do” (Schmidt & 

Wrisberg, 2008). Traditionally, for teaching these skills  physical education teachers and 

coaches first teach the novice student the 'how to do it' (technique or movement) before 

engaging them in the whole game (“what and when to do”), on the basis that the 

movement parts (techniques) form the building blocks of the process of learning to play 

the games. 

Traditional teaching methods of tennis tend to involve teaching beginners the basic 

techniques of strokes (how to do) such as forehand and backhand drive strokes before 

teaching them to play the game (what and when to do). Most of these tennis instruction 

books break techniques of skills into six or seven parts, for example: the forehand and 

backhand drive strokes, grip, stance, backswing, forward swing, ball contact, and 

follow-through. As such, the coach must decide whether to have the students practice all 

of these movements (technical) parts together as a whole (i.e. whole practice) or 

practice component parts separately or in groups of components i.e. part practice 

(Hoskins-Burney & Carrington, 2014; Rive & Williams, 2013; Magill, 2011; Wells, 

2011; Barber-Westin, et al., 2010; Wendorff, 2010; United States Professional Tennis 

Association [USPTA], 2009; Diegan, 2008; American Sport Education Program 

[ASEP], 2008; Reid, Crespo, Lavy & Berry, 2007; Birkmire, et al., 2006; [LTA], 2006; 

Fister & USPTA, 2005; Tessier, et al., 2005; Matsuzaki, 2004; Birkmire, et al., 2003; 

Hoskins, 2003; Bollettieri, 2001; Al-Khayyat, 1999; Balaguer, et al., 1999; Crespo & 

Cooke, 1999; Crespo, 1999; El-hadjih & Abdel-Kader, 1990; Crespo & Miley, 1998; 

Brown, 1995; Shaukat & Ismail & Wohaib, 1991; Brown, 1989; Al-Sarraf, 1987; Petro, 

1986; Gould, 1985; Percell, 1981; Murphy & Murphy, 1975; Murphy, 1975; Di Genaro, 

1969; Solley & Borders, 1965). 
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A number of publications provide support for the whole method (Hoskins-Burney & 

Carrington, 2014; Rive & Williams, 2013; Barber-Westin, et al., 2010; USPTA, 2009; 

ASEP, 2008; LTA, 2006; Fister & USPTA, 2005; Tessier, et al., 2005; Birkmire, et al., 

2003; Al-Khayyat, 1999; Balaguer, et al., 1999; Crespo & Cooke, 1999; Crespo, 1999; 

El-hadjih & Abdel-Kader, 1990; Shaukat, et al., 1991; Al-Sarraf, 1987). However, the  

part practice method has also received wide support as a teaching method from various 

experts in the field (Wells, 2011; Wendorff, 2010; Diegan, 2008; Reid, et al., 2007; 

Birkmire, et al., 2006; Matsuzaki, 2004; Hoskins, 2003; Bollettieri, 2001; Crespo & 

Miley, 1998; Brown, 1995; Brown, 1989; Petro, 1986; Gould, 1985; Percell, 1981; 

Murphy & Murphy, 1975; Murphy, 1975; Di Genaro, 1969; Solley & Borders, 1965). In 

teaching tennis, it remains unclear which method is favourable. Moreover no substantial 

research has investigated the benefits of combination practice method for tennis. 

The research literature in the field of motor learning on part and whole practice dates 

back to the early 1900s has given contradictory results leading to more confusion than 

understanding. Pechstein (1917; 1917) found part practice superior to whole practice for 

a variety of tasks including learning lists of nonsense syllables and for speed and 

accuracy in traversing mazes. 

Templet and Hebert (2002) carried out a meta-analysis of studies investigating the 

effect of part practice and whole practice on variety of tasks found that most studies 

fevered part practice method (Peck & Detweiler, 2000; Goettl & Shute, 1996; Watters 

& Scott, 1992; Ash & Holding, 1990; Mané, Adams, & Donchin, 1989; Fabiani, 

Buckley, Gratton, Coles, Donchin & Logie, 1989; Frederiksen & White, 1989). 

However, a substantial number of studies did found whole practice method to be more 

effective. For example, Barton (1921) for maze learning; Brown (1928) for typewriting 

and piano music; Knapp & Dixon (1952) for juggling balls; Wickstrom (1958) for 

gymnastic skills. 

Recently Wenderoth, Puttemans, Vangheluwe and Swinnen, (2003) found that 

athletic, musical, or ergonomic skills that require a high degree of interlimb 

coordination are best served by whole practice. While there are studies considered 

combination practice method more instructive for new skills (e.g., Weitl, 2010; 

Schmidt, 1989; McGeoch, 1945; Woodworth, 1938; McGeoch, 1931). 

A noteworthy feature of the above research is that it was  predominantly focused on 

the effects of whole and part practice in order to learn specific skills, without ever 
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investigating skill related characteristics that could help make useful generalisations 

about which practice scheme(part or whole)  would be preferable for certain skills. The 

research cannot therefore be used as a general reference point in determining whether to 

implement the whole or part practice method for any given skill (Magill, 2011). 

A breakthrough in this regard was made in 1963 when Naylor and Briggs put 

forward two principles for guiding decisions as to whether skills should be taught by 

whole or part method. These guiding principles were based on the levels of task 

complexity and task organisation within the skills. 

The forehand and backhand drive strokes are the cornerstone of tennis. Gaining 

technical proficiency in these skills is regarded as being essential as is outlined in tennis 

teaching books, coaching manuals and handbooks written by both coaches and tennis 

bodies such as United States Professional Tennis Association [USPTA], American 

Sport Education Program [ASEP], and Lawn Tennis Association [LTA], lead coaches 

such as (Hoskins-Burney& Carrington, 2014; Rive &Williams, 2013; Wells, 2011; 

Diegan, 2008; Wendorff, 2004; Hoskins, 2003; Bollettieri, 2001). These books do vary 

however, on how to learn and practice these skills with some advocating the whole 

practice method and others advocating the part practice method. This discrepancy 

indicates that further Investigation is merited. Thus far, tennis researchers have 

examined the several aspects of tennis such as (strength & conditioning, perception 

versus perception and action, response measurement, recovery effect of the stroke 

quality [speed & precision] in elite tennis players…etc.) (Ferrauti, Kinner, Fernandez-

Fernandez, 2011; Barber-Westin, et al., 2010; Reid, Duffield, Dawson, Baker, & 

Crespo, 2007; Williams, Ward, Smeeton & Allen, 2004; Williams, et al., 2002; Nieman, 

Kernodle, Henson, Sonnenfeld & Morton. 2000; Farrow & Maschette, 1997; Hebert, 

Landin & Solmon, 1996; Hebert & Landin, 1994; McPherson, 1991; Ziegler, 1987; 

Purcell, 1981; Allison & Ayllon, 1980). However, they have not examined the practice 

methods to find out which would be most effective technique for teaching tennis drive 

strokes to novices. 
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1.2 The research problem 

There are differing views between coaches and physical educators (e.g., Hoskins-

Burney & Carrington, 2014; Rive &Williams, 2013; Wells, 2011; Diegan, 2008; 

Wendorff, 2004; Hoskins, 2003; Bollettieri, 2001; Crespo, 1999; Crespo & Cooke, 

1999; Shaukat et al., 1991; Groppel, 1984) on what the most appropriate method is to 

teach basic tennis skills to beginners. There is a lack of research into how practice 

should be structured with respect to the whole, part and combination methods of 

learning when teaching tennis strokes to beginners. Outside the laboratory, thus far, 

there is very little research on the whole, part, and combined practice methods, 

especially in tennis. In particular there is a lack of research on the best practice method 

for the teaching basic tennis skills of forehand and backhand drive. 

 

1.3 Purpose of the Study 

The purpose of this study was to determine whether the whole, part or combined 

methods are more effective in teaching basic tennis skills. 

 

1.4 Significance of the study 

There are no clear findings showing the best way to design programmes to teach 

tennis skills to novices. This research aims to identify the most suitable method for 

teaching tennis skills, and thus guide the physical education teachers and coaches to 

select the best method of teaching tennis forehand and backhand drive skills to 

beginners. 

This study has practical and a theoretical significance. From a practical point of view 

this study will provide guidelines for physical education teachers and coaches who are 

teaching tennis to beginners. From a theoretical perspective the study will provide a 

better understanding of whole, part, and combined practice methods and how they 

function to enhance the learning of sport skills and games. 

The outcome of this study will constitute an effective contribution to the process of 

curriculum construction in physical education and to specialised tennis clubs and sports 
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colleges. The results may also be of relevance to the makeup of objective tests used on a 

conceptual basis for motor learning. 

 

1.5 The Hypotheses 

The following hypotheses were investigated: 

 

 Hₒ1 - There will be no change in the forehand tennis drive score as a result of the 

participants’ involvement in the teaching of the whole, part, combination and 

control methods of practice. 

 

 Hₒ2 - None of the three teaching methods whole, part, combination and the 

control methods will have a significantly greater effect on the learning of the 

forehand tennis drive than the others. 

 

 Hₒ3 - There will be no change in the backhand tennis drive score as a result of the 

participants’ involvement in teaching of the whole, part, combination and control 

methods of practice. 

 

 Hₒ4 - None of the three practice methods of whole, part, combination and control 

will have a significantly greater effect on the learning of the backhand tennis drive 

than the others. 

 

1.6 Thesis structure 

Chapter 2: Review of Literature 

In this chapter the author will examine previous studies and analyse the findings with 

respect to the whole and part practice methods. 

Chapter 3: Study 1 

This chapter will outline the methodology, results and conclusion of the first study. 

Study 1 examined the validity and reliability tennis tests. 
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Chapter 4: Study 2 

This chapter will outline the methodology, results and conclusion of the second 

study. Study 2 investigated the effect of practice using the whole, part and combination 

practice methods for learning the forehand and backhand tennis drives. 

Chapter 5: Discussion, conclusions and recommendations 

In this chapter the author will discuss and explain the results and give necessary 

recommendations for both future research and as well as for teachers and coaches. 
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CHAPTER TWO 
 
 

REVIEW OF LITERATURE 
 

2.1 Introduction 

The purpose of this chapter is to review the relevant literature and the research that is 

related to the structure and organisation of practice for the learning of motor skills. 

Particular emphasis will be given to whole and part practice with specific application to 

the learning of sport skills. 

2.2 Structure of the chapter 

The chapter is divided into the following sections: 

 
(i) Learning and motor learning 

The characteristics of general learning and more specifically of motor learning will 

be considered. Motor learning as a process and as a field of study will be discussed.  

 
(ii) Categories of learning 

Here the categories of cognitive learning, affective learning and psychomotor 

learning will be outlined and explained with examples. 

 
(iii) Motor learning theories 

Three main theoretical categories to be reviewed are Behavourism, 

Cognitive/information processing and Dynamic Systems. Each will be outlined and 

explored as to how they can explain learning.  

 

(iv) Amount of practice and structure of practice will be considered here. The main 

types of practice structure to be outlined and discussed will be (a) constant &variable 

practice; (b) blocked & random practice; (c) distributed and massed practice; (d) whole 

& part practice. Each of these types of practice will be considered and discussed with 

reference to research support for their effectiveness. 
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2.3 Learning and Motor Learning 

General learning may be defined as “the process of acquiring new and relatively 

enduring information, behaviour patterns, or abilities, characterized by modification of 

behaviour as result of practice, study or, experience.”(Dictionary of American 

Psychological Association).  Motor learning refers to the learning of movement skills as 

occur in everyday life as we move around and in sport. Magill (2011) refers to motor 

learning as a “change in the capability of a person to perform a skill.  It must be inferred 

from a relatively permanent improvement in performance as a result of practice or 

experience.” (p. 444).  Schmidt & Wrisberg (2008) define motor learning as changes in 

the internal processes that determine a person’s capability for producing a motor task (p. 

11). The key features that emerge from these definitions are (a) there is a change in  

performance i.e. the movements become more skilful, patterns change andtask goals are 

achieved with greater speed and accuracy, (b) changes are also internal (occur in the 

nervous system), (c) there is permanency; that is, the changes persist after practice has 

ceased. The term “relatively” indicates that after periods of lack of usage or no practice 

some forgetting can occur.(d) the changes occur as a result of practice 

As well as being a process, motor learning is also a field of study where scientists 

seek to understand and explain learning and the factors which affect learning. Two main 

theoretical perspectives which have been put forward by scientists to explain both how 

we control our movements and how we learn to be skilful are information processing 

and dynamic systems. Examples of factors which affect motor learning are the amount 

and type of practice (e.g. massed & distributed practice; constant & variable; blocked 

and random); use of demonstration and the giving of feedback. Traditionally, many 

scholars of motor learning have positioned themselves between theory and practice by 

endeavouring to make their research findings relevant to practitioners. Examples of this 

would be Thorndike (1932; 1927) with his laws of practice; Fitts & Posner (1967) with 

their stages of learning model and Gentile (1972) with her stages of skill acquisition 

model with application to teaching. Authors of motor learning textbooks have 

recommended instructional strategies based upon research findings (e.g. Coker, 2013; 

Magill, 2011; Schmidt & Lee, 2011; Schmidt & Wrisberg, 2008; Singer, 1980). 
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2.4 Categories of Learning 

Learning can be categorised into three types as follows: 

 
1. Cognitive learning: is the change in the behaviour of a person in the areas of 

thinking, problem solving, concept formation, reasoning, and acquisition of 

knowledge through memory and/or understanding. It also involves conscious 

awareness and the mental processes associated with thinking. Although associated 

with academic learning it has a role in motor skills. For example in sport, the 

application of strategies, tactics, decision making and knowledge of the rules 

(Robb, 1972; Bloom, Engelhart, Furst, Hill, & Krathwohl, 1956). Also, the first 

stage in the Fitts& Posner (1967) description of the stages of motor learning the 

first stage is called the “cognitive stage”. Here is the learner thinks through their 

physical movements. Fitts (1964) noted that the processes which underlie skilled 

perceptual-motor performance are, at a basic level, very similar to those processes 

which underlie language behaviour as well as the processes involved in problem 

solving, concept formation, etc. 

 

2. Affective learning applied to attitudinal change: attitudes may be changed 

through facts or knowledge associated with cognitive learning, the resultant 

change in behaviour relates to the value structure of the individual. For this 

reason, affective learning is probably the most difficult to accomplish in adults. 

For example in tennis, the appropriate attitudes, competitive feelings, and 

motivation (Robb, 1972; Krathwohl, Bloom, & Masia, 1964). 

 

3. Psychomotor learning: this includes reflexive and basic movement patterns, 

which allows the learner to move through the phases of psychomotor learning, 

from the cognitive phase where the learner as to think of each step of their action 

as they carry out, through the associative stage, to the automatic stage where the 

learner no longer needs to think of each movement consciously. For example this 

can be seen in the game of a highly skilled tennis player, who demonstrates 

effective integrated movements in carrying out various strokes in tandem with 

other movements (Singer & Chen, 1994; Harrow, 1972; Bloom, et al., 1956). 
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2.5 Motor Learning Theories 

In general, there are several theoretical perspectives that attempt to explain and 

predict the motor learning process. One of the earliest theories was behaviourism which 

at the beginning of the last century, the behaviourists, led by Watson, battled against the 

idea that the behaviour was caused by instincts. Thorndike (1927), Watson (1924) and 

Skinner (1938) adopted Pavlov’s Classical Conditioning methods and applied them to 

explain voluntary learning in humans. Behaviourism theory explains learning as the 

making of associations or connections within the organism between the onset of a 

stimuli and responses. Behaviourism is also known as stimulus-response (S-R) theory or 

Connectionism or Association theory. According to this theory, learning a behaviour is 

based on connecting (associating) a response with a particular stimulus over a number 

of repetitions and reinforcing a successful response with a reward. Conditioning (S-R) 

and behaviour is simply a function of “habits” or “response probabilities” (Thorndike, 

1927; Watson, 1924; Skinner, 1938). 

Thorndike (1927) stressed that learning takes place through trial and error, and that 

practice is extremely important and emphasised the following laws of learning in this 

theory: 

1. The law of exercise: stated that repetition strengthens connections between 

stimuli and response and increase the probability of a response being elicited. 

2. The law of effect: emphasized the importance of rewards. Responses followed by 

a satisfying reinforcement are more apt to be and repeated. 

3. The law of readiness: motivation or the importance of the learner being "ready" 

to learn. 

 

The following is an example form sport of how behaviour can be explained by the 

theory of Behaviourism. In tennis, connection between ball bouncing to right of 

dominant side is the stimulus for the response of forehand drive, and connection 

between ball bouncing to right of dominant side and opponent out of position on left is 

the stimulus for responding with forehand drive down right side. These connections 

between stimuli and responses were brought about by repeated presentations of the 

stimuli and responses together and the outcome being reinforced (rewarded) by positive 

feedback from the teacher and the success of the strokes. 
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2.6 Cognitive (Information Processing) Theory 

Behaviourist theory in motor learning was replaced in the 1960s by Cognitive theory 

which had become very popular in the discipline of psychology. The Cognitive 

approach with its use of information processing theory to understanding perceptual-

motor skill was not actually new in the 1960s. It had a history marked by iconic figures 

like Donders (Donders, 1969 [1868]), Woodworth (1899) and also Koffka (1935) with 

Gestalt theory. However the cognitive approach was overshadowed by Behaviourism 

which was the dominant force in psychology. 

In contrast to behaviourist theory which focused only on input (stimuli) and output 

(responses) cognitive theory focused on internal cognitive mechanisms such as 

attention, sensation, perception, memory, decision-making leading to motor responses.  

Cognitive theory is also known as information processing theory. The Fitts and Posner 

(1967) stages of learning model describes the learning of a motor skill in terms of 

changes in cognition  or changes in the way in which the learner processes information. 

 

 

Figure 2.1 The Fitts & Posner (1967) Stages of learning model as portrayed by 
Magill. 

Adapted from Magill, (2011).Motor learning and control: concepts and applications. (9th ed.). Boston: 
McGraw Hill. 

 

In the first stage (Cognitive stage) the learner is trying to work out what they have to 

do and they attend to the components of the task being learned and to their limb 

placement and movements. With practice the learner reaches the Associative stage 

where they begin to associate (connect) parts of the task with each and then the skill 

becomes to be seen as a whole and less attention is needed. Finally the learner reaches 

the automatic or autonomous stage where little or no attention is required and the skill is 

said to be learned. 

Associative stage Autonomous stage 

Practice time 

Cognitive stage 
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In 1972 Gentile put forward a model with application for teachers. The model was of 

particular value to teachers as they could incorporate the basic concepts into their 

practical teaching. Gentile stated that teaching of a motor skill ought to progress 

through at least two stages and be approached from the perspective of achieving the 

goal of the learner in each stage (Magill, 2011; Singer, 1980): 

 

 Getting the idea of movement: The goal of this stage is to get the idea of the 

movement pattern and learning what the regulatory and non-regulatory conditions 

are. The learner explores a variety of possibilities till they get the idea of the 

movement. Then they move to the second stage. 

 Fixation/Diversification: The type of practice they engage in will depend on the 

type skill being learned. Whether a skill is closed or open depends on the stability 

and predictability of the environment in which it performed. 

 

 
Figure 2.2 The open-closed continuum for motor behaviour. 

Adapted from Schmidt, (1982).Motor control and learning: A behavioural emphasis. Champaign, IL: 
Human Kinetics. 

 

An example of a closed skill would be the basketball free throw. Here the 

environment is static and predictable and the only object of relevance is the net. The 

learner aims to fixate the successful movement pattern acquired in the first stage. In 

contrast at the other end of the continuum an example of an open skill in basketball 

would be passing. Here the environment is dynamic with team mates and opponents 

moving around. To achieve the goal of reaching a team mate with the ball will require 

that there be much diversification of the basic pattern acquired in the first stage in terms 

of distances, angles and speed. 

Bowling 
Brushing Teeth 
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Environment 
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Adams (1971) put forward a theory to explain how motor learning occurs in terms of 

the underlying cognitive processes..  Adams’ theory was based on the assumption that 

our skilled responses are controlled by two structures in memory i.e. a memory  trace 

and a perceptual trace The memory trace is responsible for selecting and initiating the 

action while the perceptual trace (what the response feels like based on proprioceptive 

feedback information) is responsible for controlling the response and making 

adjustments. Both the memory trace and the perceptual trace are learned through 

practice with external feedback from the teacher or coach. Learning is proposed to take 

place in two stages.  The first, the verbal-motor stage, is where practice occurs with 

external feedback from the teacher. In the second stage, the motor stage, the learner has 

developed the perceptual trace along with the memory trace and has come to rely on 

their own internal feedback from the proprioceptors to control the skilled action. 

Schmidt & White (1972) and (Newell, 1974) provided early evidence for the two stage 

theory of motor learning. It was called a closed loop theory because of its reliance on 

feedback for both performance and learning. Adam’s (1971) theory was significant 

because it was the first to offer an explanation of motor learning in terms of the internal 

cognitive processes. 

Adam’s closed loop theory of motor learning however seemed to be at variance with 

another cognitive theory which explained how our movements are controlled, namely, 

motor programme theory which is based on an open loop system of control with 

seemingly no role for internal feedback. A motor programme is a memory-based 

construct that controls coordinated movement and produces movement commands. 

These commands are relayed to the lower centres in the nervous system. A motor 

programme acts on the spinal cord and then the muscles and a planned sequence of 

contractions takes place which results consistent and reliable movement outputs to 

achieve movement goals. 

Magill (2011) defines a motor programme as “A memory representation that stores 

information needed to perform an action (2007, p.89). Schmidt & Lee (2011) defined it 

as “An abstract representation that, when initiated, results in the production of a 

coordinated movement(2011, p. 469). The need and evidence for the construct of the 

motor programme came from a number of sources.  In 1921 Lashley reported observing 

patients whose proprioceptive feedback had been cut off due to gunshot wounds in the 

back being able to move their legs. Taub & Berman (1963; 1968) and Polit & Bizzi 

(1979) found that monkeys were able to perform meaningful actions despite having 
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proprioceptive feedback cut off through deafferentation. It was true that the quality of 

the actions was not as good, but they were still able to perform the actions that indicated 

the movements were controlled by stored programmes. There was also a logical need 

for the motor programme as there is no time for very fast and short actions to be 

controlled by internal feedback. Also, complex actions with many hundreds of degrees 

of freedom cannot be controlled by a conscious proprioceptive feedback based system. 

Henry proposed that “…the neural pattern for a specific and well-coordinated motor act 

is controlled by a stored program that is used to direct the neuormotor details of its 

performance.” (Henry & Rogers, 1960, p. 449). 

Henry & Rogers (1960) provided evidence for a motor programme in 1960 with a 

classic experiment which tested Henry’s memory drum theory of motor control.  Both 

the movement times (MTs) and reaction times (RTs) of three increasingly complex 

actions were measured. Naturally the movement times of the actions increased with 

increasing complexity. Crucially however so did the reaction times. Henry & Rogers 

had hypothesised that the commands for each of the actions in the form of a programme 

were stored on a memory drum, the analogous to a hard drive on a computer. They 

proposed that just as with a computer the more complex programmes will take longer to 

access. For a while during the 1970s arguments raged as to whether our actions were 

controlled by motor programmes based an open loop system of control or by a feedback 

based closed loop system. Finally it was realised that both systems exist and that both 

are used depending on the length and speed of the action and how well it has been 

learned. Motor programmes could be modified in preparation for an action based on 

sensory feedback (Magill, 2011; Schmidt & Lee, 2011). 
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Figure 2. 3 Information processing as it occurs in the CNS for both open loop and 
closed loop systems of control. 
 
Adapted from Davids, Button, & Bennett, 2008.Dynamics of Skill Acquisition; A Constraints-Led 
Approach. Champaign, IL: Human Kinetics. 

 

During the 1970s the motor programme construct continued to evolve. An early 

1960s view was that a motor programme was specific to each action (skill) and to each 

variation of an action (skill). Because there are an unlimited number of variations of 

many skills, this in Schmidt’s view would cause a storage problem for long term 

memory. The specificity view of the motor programme also gave rise to a novelty 

problem. Sport performers are capable of producing novel variations of their skills. 

How can there be a motor programme for a version of a skill that has not been 

performed before? To solve these storage and novelty problems Schmidt devised the 

concept of the generalised motor programme (GMP) which he proposed exists for a 

class of movements. For example, instead of having a separate motor programme stored 

in memory for each variation of the forehand drive in tennis the player would have a 

GMP for the forehand drive which could be run in different ways depending on the 

demands of the situation. The GMP has both invariant and variant features. Invariant 

features would be (a) sameness of the elements of the skill and their order from trial to 

trial e.g. in the tennis serve, the ball  toss, backswing, rotation of the hip, forward swing 

of the arm, straightening of the legs and follow through; (b) the relative timing of the 

elements i.e. as the action is speeded up or slowed down the proportional time length of 
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each element remains the same thus maintaining the same recognisable shape of the 

action (c) abstractness i.e. the programme can be run with different muscle groups 

leading to the same recognisable pattern in the action. 

An experiment published by Shapiro, Zernicke and Diestel in 1981 provided strong 

evidence for the GMP.  They had participants walk and run on a treadmill as it moved at 

different speeds ranging from 3-12 km/hr. For speeds of 3-6 km/hr the participants 

walked faster as the treadmill speeded up. Time spent in each segment of the step cycle 

was measured. As the walk speeded up less time was spent in each segment of the step 

cycle. However as a proportion of total step cycle the time it remained the same. That is, 

the proportion of the overall time spent in each segment of the step cycle remained the 

same thus permitting the same recognisable walking pattern to be maintained. When the 

treadmill speed reached 8 km/hr a new, running, pattern emerged. As the speed of the 

treadmill increased to 12 km/hr the running speed increased and less time was spent in 

each segment of the pattern. However, as with the walking gait, the proportion of time 

in each segment of the running cycle remained the same thus enabling the same 

recognisable running pattern to remain. These findings provided evidence for the GMP 

and for two different GMPs for walking and for running. 

Earlier in 1975 Summers had provided similar evidence. He had participants learn to 

press buttons in a particular order and timing. When the task was well learned they were 

asked to do the task as quickly as possible and it was found the same pattern was 

maintained. Evidence for the invariant feature of abstractness had been provided by 

Raibert (1977). When participants were asked to write a sentence with different limbs 

and body parts the same invariant pattern was maintained. 

 

2.7 Dynamic Systems and Constraints-Based Theory 

Although the GMP answered a number of weaknesses in relation to the motor 

programme there still remained a number of unanswered questions. A number of these 

questions/problems were identified and discussed by Turvey, Hollis andTuller (1982).  

One of the problems relates to the roles of non-muscular forces. Examples of non-

muscular forces are those generated by gravity and by connective tissue. Skilled 

performers make use of or exploit the force of gravity. Also, forces generated from 

connective tissue are known to play key roles in the movement. However, unlike muscle 
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fibres, connective tissue in muscles and tendons is not innervated by motor neurons. 

How then can the motor programme account for the use of gravity and connective 

tissue?  Another problem with the GMP relates to transition phases.  In the Shapiro et al 

(1981) study, at treadmill speeds of 3-6 km/hr there was evidence for a motor 

programme controlling the walk gait while at speeds of 8-12 km/hr there was evidence 

for a separate motor programme for the run gait. At a speed of 7m/hr, however, there 

was neither a walk nor a running gait in evidence. How could this “in-between” 

transition state be explained by a motor programme? 

The answer to these questions may lie in the work of a Russian scientist, Nicolai 

Bernstein, whose work on the control of movement came to light when it was published 

in the west in 1967 in a book called “The Co-ordination and Regulation of Movement”.  

His theoretical approach came to be known as dynamic systems (DS).  DS theory is also 

known as Dynamic Pattern theory. Magill (2011) defined it as “...an approach to 

describing and explaining the control of coordinated movement that emphasizes the role 

of information in the environment and the dynamic properties of the body and limbs…” 

(p. 97). 

With dynamic systems theory human movement control is seen as a complex system 

that behaves in ways similar to those of any complex biological or physical system 

(Magill, 2011). Self-organisation and nonlinear dynamics are central in this approach. 

In the natural physical world when certain wind and temperature conditions exist a 

hurricane emerges. There is no programme for a hurricane. When heating water there is 

a linear increase in the heat of the water until a critical temperature is reached and there 

is an abrupt, self-organising, change to boiling. Kelso (1984) reported how nonlinear 

dynamics and self-organisation can be illustrated in human movement with the 

continuous extending and flexing of the index fingers of each hand. The flexion and 

extension start off in anti-phase stable (attractor) state i.e. when one finger is extending 

the other finger is flexing. As the movements are speeded up to a critical level there is 

an abrupt change to in phase movement with both fingers extending and flexing at the 

same time and a new stable (attractor) state emerges. When switching from anti-phase 

to in-phase there is a small transition phase where there is a combination in anti-phase 

and in-phase. It is important to note that it is the increase in the speed parameter which 

causes the change not a programme.  
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Dynamic systems theory would have a different interpretation of the Shapiro et al 

(1981) study which has been put forward as evidence for the GMP. In summary, 

dynamic systems theory would explain the change from walking to running as being 

caused by the increase in the speed of the treadmill (control parameter) rather than by a 

different motor programme being activated. Dynamic systems theory would also be able 

to explain the transition phase between walking and running which motor programme 

theory cannot. 

From a dynamic systems perspective co-ordination (skilful behaviour) emerges from 

the interaction of a number of constraints (control variables). Newell (1986) categorised 

these constraints as follows: organismic (individual), environmental and task.   

Organismic constraints refer to individual structural characteristics such as height 

weight, muscle type, leg length etc. As Haywood & Getchell (2009) state, there are also 

functional constraints such as intrinsic dynamics (existing skills/co-ordination), 

attentional focus and motivation. Environmental constraints refer to such factors as 

gravity, wind, snow, rain. Haywood & Getchell note that there are also social 

constraints such as cultural norms, family and societal support. Task constraints refer to 

goals of tasks, rules, equipment, (e.g. size and weight of racquets, balls, height of net).   

Task constraints can be manipulated by teachers to afford the learning of desired 

actions. The constraints form a perceptual workspace within which the learner searches 

for a solution (appropriate movement pattern) to attain the goal of the task. Figure 2.4 

below illustrates the perceptual motor workspace made up of interacting constraints and 

emergent of a co-ordinated movement pattern. 

 

 
Figure 2.4 The interaction process model provides a coherent framework for 
understanding how coordination patterns emerge during goal-directed behaviour 

Task 

Organism (CNS) 

Environment 

Coordination and Control 
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Adapted from Newell, (1986): The dynamics of stereotype behaviours: movement variance and 
invariance in the classification of movement disorders. 

 

An additional influencing constraint is incoming information. Co-ordinated 

movement involves acting on information from the environment. In the control of 

purposeful movement there is a close interactive relationship between the visual and 

motor systems which is known as perception-action coupling (Magill, 2011). In relation 

to perception-action coupling DS theory incorporated Gibson’s (1979) concept of direct 

perception from ecological psychology. Here for the control of movement the visual 

system acts directly on the motor system without the need for any cognitive input for 

interpretation. Gibson says that the visual and motor systems have evolved to work 

together for the control of movement. 

The concept of tau is illustrative of direct perception. Tau means time to contact (Tc) 

between an object and a person’s eye either as they approach an object or the object 

approaches them. Tau can be calculated mathematically from information about the rate 

of expansion of the looming image of the object on the retina. The visual and motor 

systems do not have to mathematically calculate tau. The visual system picks up this 

time to contact information directly from the rate of expansion of the looming image on 

the retina. When the images reaches a critical size in relation to time to contact called 

the tau margin (Tm) the appropriate action is triggered. This triggered action could be 

final strides adjustments for hitting the long jump take-off board (Lee, Lishman & 

Thompson, 1982) or a box vault (Meeuwsen & Magill, 1987); the contracting of the 

triceps in breaking falls onto a platform from different heights (Dietz & Noth, 1978); or 

contracting of the quadriceps in preparation for landing when jumping from different 

heights (Sidaway, McNitt-Gray & Davis, 1989). Other invariants in perception-action 

coupling are vision providing body scaled information to the motor system in relating to 

how to walk through a doorway. Warren & Wang (1987) found that a doorway needs to 

be 1.3 times the width of a person’s shoulders to determine that they can walk through it 

without having to turn their shoulders. Stairs are automatically regarded as climbable 

when the height of the steps are equal to or less that 88% of a person’s leg length 

(Warren, 1984).Figure 2.5below illustrates the role of perception-action coupling in 

producing co-ordinated movement in conjunction with organismic (individual), 

environmental and task constraints. 
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Figure 2.5 Three classes of constraints-organismic, environmental, and task-along 
with perception–action coupling. 

Adapted from Davids, Button, & Bennett, 2008.Dynamics of Skill Acquisition; A Constraints-Led 
Approach. Champaign, IL: Human Kinetics. 

 

An implication of perception-action coupling and the close interaction between the 

visual and motor systems is that the action and perception elements should not be 

practised separately. In learning to bat the beginner should be striking a moving ball as 

soon as possible and the long jumper should combine the run up with take-off. In this 

way the visual and motor systems can become specifically attuned to each other for the 

task being learned. The tasks can be made easier by having a larger than normal ball and 

a bat with a wider than normal surface and the long jump can have a wider board.  

As with information processing theory, learning according to dynamic systems 

theory has been observed to take place over stages. Based on the work of Bernstein 

(1967) Newell (1985) put forward a three stage model describing the changes over time 

with practice and learning. While the Fitts & Posner (1967) model focuses on changes 

in cognition Newell’s (1985) model focuses on changes in how the learner moves. The 

following is an outline of Newell’s (1985) stages of learning model according to DS 

theory. 
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Figure 2.6 An outline of Newell’s (1985) Dynamic Systems Stages of Learning 
Model based on Bernstein (1967). 

 

2.8 Amount and Structure of Practice for Learning Motor Skills 

Practice is defined as the “repetition of an act, behaviour, or series of activities, often 

to improve performance or acquire a skill.”(American Psychological Association 

Dictionary of Psychology). Changes in performance can be observed as a result of 

practice. The changes include less errors, an increase in co-ordination speed, accuracy, 

consistency and adaptability. Furthermore actions become less conscious with practice 

and the skill becomes more automatic. As a skill improves it becomes more automatic 

and the performer is seen to move to the right on the continuum of learning as portrayed 

in Figure 2.1 above. 

Another feature of practice is that, although some beginners may have difficulties in 

making progress, overall there are rapid improvements in performance in the early 

stages of practice. However, after diminishing returns set in and the rate of progress 

decreases until there is very little improvement for the same amount of practice. Snoddy 

(1926) developed a law concerning this which is called the power law of practice. This 

law describes in mathematical terms how after rapid rates of improvement in early 

practice there are diminishing improvements as practice continues. The power law of 

practice was very much in evidence in Crossman’s (1959) classic experiment with 

• Co-ordination Stage 
•This involve freezing of the degrees of freedom (joints and muscles) which 
enables the learner to gain some control over the joints and muscles. It is a 
strategy employed by beginners to simplify and create a temporary workable 
pattern of movement 

Stage 2 

• Control Stage 
•This involves freeing of the degrees of freedom (joints and muscles) at 
appropriate times and being linked appropriately o each other as functional 
units to carry our skilled actions (co-ordination) more effectively and 
efficiently. 

Stage 3 

• Skill (exploitation/dexterity) stage 
•A stable but adaptable movement pattern, able to make moment to moment 
adjustments to ever changing environmental conditions. 
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workers in a cigar making factory. Crossman recorded the amount of time workers took 

to make a cigar as a function of the number of cigars made across seven years of 

practice. In the early stages, especially the first two years, improvement was rapid but 

over the years it diminished until after seven years and the making of 10 million cigars 

improvement was very small. A very important point to note however for this 

discussion is that after seven years progress, though very small, some progress was still 

being made. As noted by Schmidt & Lee (2011) “Data like these suggest that learning is 

never really completed, even in the simplest of tasks.” (p. 348). Another point to note 

here was that the workers were highly motivated to improve as there were monetary 

rewards for improvements. 

 This finding by Crossman (1959) raises the question, as noted by Schmidt & Lee 

above, of when a skill can be said to be learned.  It might be assumed that when the skill 

reaches the automatic stage (Fitts & Posner, 1967) that it has been learned to its 

maximal level. Ericsson (2007) points out however, that automating a skill does not 

mean further improvements cannot be achieved. Many individuals involved in 

recreational sports such as skiing and tennis learn the skills of the sports to an 

acceptable level and they automate the skills at that level. However to move to the level 

of being an expert, performers have to engage in much more practice over a number of 

years. Ericsson calls this type of practice deliberate practice.  

  Deliberate practice is practice which is engaged in to improve performance. It is 

highly structured, requires great effort and is not inherently enjoyable. Individuals are 

motivated to engage in deliberate practice for up to ten years and more because it leads 

to improved performance (Ericsson, Krampe & Tesch-Romer, 1993; Ericsson & 

Lehmann, 1996; Ericsson, 2007). In their 1993 study Ericsson et al. found that expert 

musicians (violinists and pianists) were distinguished from those of lesser levels by the 

amount of deliberate practice they engaged in over many years. Follow-up studies found 

evidence for the role of deliberate practice in attaining sport expertise (e.g. Deakin & 

Cobley, 2003; Helsen, Starkes & Hodges, 1998; Hodges & Starkes, 1996; Starkes, 

Deakin, Allard, Hodges & Hayes 1996). 

 Deliberate practice is much more than the performance of repetition. To be effective 

it must include individualised diagnoses of errors, informative feedback and specific 

tasks to overcome weaknesses. Additionally, practice activities are designed for 

individuals to engage in, in between meetings with their teachers (Ericsson et al., 
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1993). How the repetition is structured also influences the quality and effectiveness of 

practice. This will be illustrated in the following paragraphs where the effects of 

constant vs. variable practice, blocked vs. random practice, distributed vs. massed 

practice, are examined. Here it will be found that within each comparison even though 

the number of repetitions is the same for each type of practice the manner in which the 

repetitions are structured has differential effects on learning. 

 

2.8.1 Constant and Variable Practice 

Constant practice involves the practice of one variation of a skill e.g. passing or 

shooting from the same distance and angle. Variable practice involves the practice of a 

number of variations. Variable practice has been shown to be superior to constant where 

several variations, including novel variations, of skills are required such as passing and 

shooting in soccer, basketball and hockey (Magill, 2011; Schmidt & Wrisberg, 2008).  

This prediction for constant practice and variable practice has been tested by number 

of time. The paradigm for testing the effects of variable practice against constant 

practice is to have a constant group practice one variation of a task and a variable group 

which practices a number of variations of the task. When practice ceases and after short 

break both groups are then tested on a novel version of the task. Results of studies 

invariably show the variable practice group to be superior on the novel criterion task. 

The following are some examples of these studies. 

Moxley (1979) had participants throw shuttlecocks at a target from four different 

angles.  The constant group practised at one angle and while the variable group 

practised from four angles. On transfer to a novel angle the variable group proved to be 

superior. Other similar studies involving tossing different weighed beanbags to a target 

on the floor (Carson & Wiegand, 1979) and different distances (Kerr & Booth, 1978) 

found in favour of variable practice. Using an anticipation timing task where 

participants had to estimate the arrival time of a light running down a runway by 

pressing a button, the variable group practised four different speeds while the constant 

group practised at one speed. On transfer to a novel speed the variable group proved to 

be superior. 

Perhaps the strongest support for variable practice in a sports context comes from a 

study conducted by Shoenfelt, Snyder, Maue, McDowell & Woolard (2002). They had 
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novices practice a basketball free throw under one of four different conditions. The 

constant group (C) practised from the free throw line; the variable group (VFB) 

practised from two feet in front and two feet behind the free throw line; the combination 

group (VC)  did both constant (C) and variable practice (VFB); and the variable random 

group (VR) took their shots from random positions around the key. The results in a 

retention test show the three variable groups to be superior to the constant group with 

the combination (VC) being the best. 

Other studies showing support for variable practice includes Shea & Kohl (1990; 

1991); Lee, Magill, and Weeks (1985); Piggott & Shapiro (1984); Wrisberg and Mead 

(1981); Kelso & Norman, (1978); and Kerr & Booth (1978).Generally, the effect of the 

variable practice scheme depends on several factors: 

 Age: practice variability appears to be a powerful variable in children’s motor 

learning than in adults (Green, Whitehead, & Sugden, 1995). 

 Gender: college females profited from practice variability more significantly than 

college males did (Catalano & Kleiner, 1984; Wrisberg & Ragsdale, 1979). Thus, 

variability in practice tended to be more effective for females than for males, at 

least in these studies. 

 Scheduling: some studies show positive effects and others show no effects, 

depending on the type of practice. 

 Nature of the task: it appears that some of the differences in the effects of 

variability on practice may be accounted for by the nature of the task. Some tasks 

may be learned more effectively through constant-practice conditions versus other 

aspects through variable-practice conditions (Shea, Lai, Wright, Immink, & 

Black, 2001). 

The superiority of variable practice for facilitating the performance of novel versions 

of a skill is in support of the prediction of schema theory (Schmidt, 1975, 1976).  

Schema theory says that variable practice enables the formation of a rule or schema  by 

which  a motor programme for a class of movement (generalised motor programme) can 

be appropriately parameterised with  the appropriate forces, speeds angles etc. 
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2.8.2 Blocked and Random Practice 

Blocked (BL) and Random (RA) practice refers to how practice may be structured 

when a number of skills or a number of variations of a skill are practiced in the same 

practice session. The practice may be in a BL format where practice on each skill or 

each variation of a skill is completed before beginning practice on the next skill or next 

variation. For example the blocked format for teaching skills A, B and C would be 

AAAAA…BBBB….and CCCCC. On the other hand an RA format might be 

AACABBACCB….. Shea and Morgan (1979) with a lab task where a number of 

barriers had to be knocked by the hand in three different orders (thus making for three 

different movement patterns) found that during practice the BL format was superior for 

performance. However after retention and transfer (novel pattern) tests after 10 minutes 

and 10 days the RA format was superior. This finding indicated that the more difficult 

RA format was superior for learning. 

This finding by Shea and Morgan (1979) is an extension of what Battig (1979) had 

found with verbal learning. Battig (1979) called this effect of RA practice the contextual 

interference effect. Contextual interference (CI) is defined by Magill (2011, p.377) as 

“the memory and performance disruption (i.e. interference) that results from performing 

multiple skills or variations of a skill within the context of practice” as shown by Battig 

(1979) and Shea & Morgan (1979) the CI effect has a positive influence on learning. 

The CI effect has been found with other lab studies. For example Lee & Magill 

(1983) used a similar barrier knocking task and added a third group called the serial (S) 

group. Like the RA group the S group used a different task on each trial but the tasks 

were in a predictable order (ABC…ABC...). It was found that the S order had the same 

effect on learning as RA group. This finding indicated that CI effect on learning was not 

due to the unpredictable order of the tasks.  

Two main theories have been put forward to explain the CI effect. One is the 

elaboration hypothesis which says that RA practice forces the learning to engage in 

deeper processing in order to be able to distinguish between the actions and this 

processing enhances memory for the skills. The other theory is the reconstruction 

(Forgetting) hypothesis. This theory says that having to perform different skills causes 

forgetting and the patterns have to be reconstructed frequently. As indicated by Brady 

(1998) and Immink and Wright (2001) evidence exists for both of these theories. 
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In a series of studies Del Rey and her colleagues (e.g. Del Rey Whitehurst, 

Wughalter & Barnwell, 1983; Del Rey, Whitehurst & Wood, 1983;Del Rey et al., 1982; 

Del Rey, Wughalter & Whitehurst, 1982) investigated the effects of the CI effect on the 

learning of an open skill as represented by an anticipation timing task in the lab.  The 

studies included looking at the effects on the learning of those experienced in open 

skills as opposed to those with no experience along with comparing children and adults 

and males and females. 

In summary, the findings were that for all groups BL practice yielded better 

performance in the acquisition phase than RA practice. In retention and transfer 

however there were mixed results. For males regardless of experience with open skills 

RA practice yield better learning. For women Del Rey et al. (1982) found that in 

retention and transfer there were no differences between BL and RA practice. However 

when previous experience with open skills was taken into account RA practice yielded 

better learning for experienced females. For boys and girls aged 6.5 yrs to 10.67 yrs BL 

practice yielded better results in acquisition, retention and transfer regardless of 

experience with open motor skills. 

Studies with sports skills being learned by beginner adults and by children have 

yielded mixed results. Hall, Domingues & Cavazos (1994) found that RA practice led to 

improved performance with already skilled baseball players. With University students 

(18-25 yrs) learning rifle shooting from different distances, Boyce & Del Rey (1990) 

found RA practice superior to BL practice. RA practice was superior for adult females 

learning badminton serves (Goode & Magill, 1986) and children (Wrisberg & Liu, 

1991) in a class setting. Farrow and Maschette (1997) found RA practice superior to BL 

practice for the learning of tennis serves with 10-12 year old children. 

In contrast a number of studies did not find support for RA practice. For example, in 

1990 French, Rink & Werner (1990) teaching volleyball skills to children in a class 

setting found that BL, RA and mixed BL & RA groups improved but there was no 

difference between the groups. Likewise, in examining the volleyball skills of grade 9 

students (mean age: 14.6 yrs), Bartoli, Robazza, Durigon & Carra (1992) found partial 

support for the CI effect, with one of the skills improving with RA practice. Hebert et 

al. (1996) with college undergraduate students learning forehand and backhand tennis 

drive, found that low skilled students learned better with BL practice. In discussing their 

findings French et al. (1990) concluded that factors characteristic of physical education 
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classes may reduce or mask CI effects. In addition to the structure of practice these 

other influencing factors may be information from demonstration and feedback. 

Guadagnoli & Lee (2004) recommended that the difficulty of the skill and the 

proficiency of the learners should be taken into account when designing practice 

schedules. 

In answer to a number to suggestions that RA practice might be too difficult and de-

motivating for beginners a number of researchers e.g. Al-Ameer & Toole (1993) with a 

lab task and Landin and Hebert (1997) with basketball shots from varied distances 

showed that small blocks of the same task in an RA (BL-RA) order was superior to both 

BL in the practice stage and to RA in the retention/transfer stage. In other words the 

BL-RA group had the benefits of BL during practice (i.e. more success than RA) and 

the benefits of RA in retention and transfer (i.e. more learning compared to BL). In 

2010 Porter and Magill investigated the effect of increasing RA during practice of a golf 

putting skill over three different distances. They showed that beginning with BL (AAA, 

BBB, CCC….) for 27 trials, followed by serial practice (ABC, ABC, ABC…) for 27 

trials and then RA (ABBCAACCB…) for 27 trials led to best results for retention and 

transfer. These findings were repeated in a second experiment with three basketball 

passes. 

 

2.8.3 Distributed and Massed Practice 

Distribution of practice refers to the spacing between practice sessions and the rest 

periods between the sessions or rest between practice trials within a practice session.  

With respect to the distribution of practice sessions distributed practice refers to a 

practice schedule with frequent and shorter practice sessions while massed practice is a 

schedule with fewer and longer practice sessions (Magill, 2011; Schmidt, & Lee, 2011; 

Lee & Genovese, 1989; Knapp & Dixon, 1950; Travis, 1937, 1936).  

Within practice sessions distributed practice refers to the work to rest ratios of 

practice repetitions and the periods of rest between them. A distributed practice 

schedule is where the amount of rest between trials (repetitions) is relatively long while 

a massed practice session is where the amount of rest between practice trials is 

relatively short (Magill, 2011). 
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With respect to the distribution of practice sessions a classic study was carried out by 

Baddeley & Longman in 1979 with postal workers learning to operate a sorting 

(typewriting) machine. Each of four groups had the same amount of time (60 hrs) to 

learn the skill but it was distributed differently. The extremely massed group did 2 x 2hr 

practise sessions per day for three weeks. The other three groups followed more 

distributed sessions as follows: 1x 1 hr session per day for 12 weeks; 2 x 1 hr sessions 

per day for 6 weeks; and 1 x 2 hr sessions per day for 6 weeks. The results show that the 

most distributed group learned the skill in shortest amount of time. The massed group 

took longest to learn the skill while the two intermediate distributed groups were second 

best. Retention tests at 3, 6, and 9 months found that the three distributed groups 

performed equally well while the massed group was still the worst. 

The results of other studies using gross motor skills are in support of the findings of 

Baddeley & Longman (1978). For the learning of a balance stabilometer task Shea, Lai, 

Black, & Park (2000) found that practice over two days led to better retention than 

practice over one day. Dail & Christina (2004) for golf putting with novices found that 

practice over four days compared to one day led to better retention after one day and 

seven days. 

The conclusion from research studies is that practice for the learning of motor skills 

is more effective when it is distributed over a number sessions. These results are 

consistent with previous findings, such as those conducted by Shaddmehr and Brashers-

Krug, (1997), Bouzid and Crawshaw (1987), Annett and Piech (1985), Nance (1947). 

Time saved in terms of days with longer but fewer practice sessions is a false saving 

because massing practice sessions too close together leads to poorer learning in the long 

term. 

A number of theories have been put forward to explain the superiority of distributed 

practice sessions for the learning of motor skills. Fatigue theory explains that massed 

practice induces fatigue which diminishes learning while with distributed practice 

fatigue is avoided and learning is enhanced. Cognitive effort theory states that massed 

practice diminishes the cognitive effort needed for learning while distributed practice 

does not. Magill (2011) notes that evidence for both fatigue and cognitive effort theories 

can be gleaned from inspection of the Shea et al (2000) and Dail & Christina (2004) 

studies. It can be seen that lower practice performance for the massed group in each of 

these studies did not begin for the massed group until the last several trials. 
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A third theory that has been put forward to explain the superiority of distributed 

practice over massed practice is memory consolidation theory. In 1996 Brashers-Krug, 

Shadmehr & Bizzi established that the learning of a motor skill requires a period of time 

after practice for a consolidation process to occur to enable the learning to be 

transformed into long term memory. In relation to distribution of practice, consolidation 

theory states that massed practice does not allow consolidation to take place while 

distributed practice does. 

With respect to distribution of practice within a practice session research findings are 

much less clear than for between practice sessions and there have be a number of 

contradictory finding.  These contradictory finding have been due to a number of factors 

not controlled for. For example, there was a lack of consistency about massed and 

distributed schedules. In one study massed could be a one second rest between trials and 

distributed could be five sec while in another study massed could be five seconds and 

distributed 30 seconds. Also, in some studies there was a failure to have a retention test 

to assess learning. Another confounding factor was that the type of skill (e.g. discrete or 

continuous) was not taken into account. Reviews carried out by Lee & Genovese (1988) 

and Donovan & Radosevich (1999) have concluded that massed practice was better for 

the learning of discrete skills while distributed practice was better for continuous skills. 

 

2.8.4 Whole and Part Practice 

A preeminent concern of researchers, educators and experts is how to structure 

practice to enable optimal learning to occur. One important question is whether to 

practice a skill as a whole, or to break it up and practice it in parts. Whole practice 

method is defined as an approach to teaching which requires students to learn the entire 

skill as an integrated whole. In contrast, part practice method is defined as an approach 

to teaching skills by breaking them down into more simplified parts, to reduce the 

complexity of the overall skill. In other words, the practice of a subset of skill 

components as a precursor to practice or performance of the whole skill (Magill, 2011; 

Weitl, 2010; Davids, et al., 2008; Klapp et al., 1987; Wightman & Lintern, 1985). 

Most skills can be taught as a whole or in parts. Accordingly, there is a question 

asked when practising a new skill: “Should the students practice the skill in its entirety 

(whole practice method) or break it into smaller units (i.e. part practice method)”. For 
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example, the strokes in tennis are made up of: grip, stance, backswing, forward swing, 

ball contact, and follow-through. All these parts of the movement can be learned 

separately before the completed stroke is attempted. Alternatively the stroke can be 

practiced in its totality at the initial stage of learning. The basketball lay-up is another 

example of a sport skill that can be learned by the whole practice or in parts, i.e. the 

approach and dribble, the aim, the release, and the follow-through. 

Researchers, coaches and physical educators of whole and part practice have made 

great efforts, using numerous empirical sources, to determine the most appropriate 

practice method, whole or part, to teach skills in the sports field or in an industrial 

setting. The results have been contradictory and inconclusive in determining which 

practice method is most effective, as part practice has been found to be superior to 

whole practice in some studies (e.g., Templet & Hebert, 2002; Peck & Detweiler, 2000; 

Goettl & Shute, 1996; Watters & Scott, 1992; Ash & Holding, 1990;  Fabiani, Buckley, 

Gratton, Coles, Donchin & Logie, 1989; Frederiksen & White, 1989; Mané, Adams & 

Donchin, 1989; Newell, Carlton, Fisher & Rutter, 1989; Watters, 1989; Adams,  1960), 

whereas the opposite results have been observed in other studies which found in favour 

of part practice (e.g., Wenderoth et al., 2003; Kurtz & Lee, 2002; Klapp, Nelson & 

Jagacinski, 1998; Rateeb, 1997; Swinnen & Lee, 1997; Summers & Kennedy, 1992; 

Johns, 1989; Schmidt, 1988; Klapp et al., 1987; Singer, 1980; Stammers, 1980; Blake & 

Williams, 1969; Brown & Sellin, 1967; Briggs & Naylor, 1962; Wickstrom, 1958; 

McGuigan & MacCaslin, 1955; Briggs & Brogden, 1954; Cross, 1937; Shay, 1934; 

Brown, 1928; Barton, 1928, 1921). These contradictory research findings will now be 

examined in greater detail. 

Pechstein (1917), in his study on “Alleged elements of waste in learning a motor 

problem by the part method” was one of the earliest researchers who favoured part 

practice over the whole practice method through investigating learning of logical 

material (both prose and poetry). Pechstein (1917), in a second study, found favour of 

part practice even though the convention of the time favoured whole. He examined 

learning of nonsensical material in another study carried on students who were required 

to learn two series of nonsensical syllables. The whole practice method (A-Series) 

consisted of thirty-two syllables in consecutive arrangement. The part practice method 

(B-Series) consisted of the same syllables but arranged in sixteen pairs, as 1-2, 3-4, 5-6, 

etc. The series were mounted on a mechanically driven drum and were exposed singly 

or in pairs through an adjustable aperture. The A-Series required an exposure of two 
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seconds per syllable, the B-Series allowed four seconds for each pair. The A-Series was 

considered learned when the participant could successfully anticipate and write each 

syllable when shown the immediately preceding one. The B-Series was considered 

learned when the participant could write the second syllable of each pair when the first 

syllables were shown as stimuli. These stimuli words were arranged in different order 

from their position in the original paired learning series. The result showed that part 

practice gave significantly better results than learning by the whole practice method. 

O’Brien (1943) found similar results. 

In contrast, Barton (1921) had different findings. He introduced a third method of 

practice learning of a maze skill. His research focused on smaller vs. larger units of 

learning in a maze skill. With the maze skill the blindfolded participant had to learn to 

run their finger down a barrier free pathway. Barton assigned the following meaning to 

each of the three methods as follows: 

 Whole method: students using this method tended to start at the entrance of the 

maze and continue in their random efforts until they reached the end of the 

complete maze. 

 

 Part continuous method: students began at the entrance of the maze but initially 

stopped at the end of the first quarter. After this quarter was learned the second 

quarter was added to the first and these two together served as the second unit. 

When these two were learned the third quarter was added to the first two. When 

this three-quarter-unit was learned the last quarter was added. Then the whole 

maze was taken as unit and completed.  

 

 Part method: students were taught each quarter separately. After each one had 

been learned, in this way, they were combined into a single unit and relearned as a 

whole. The result concluded that whole method was significantly more effective, 

than the other two methods, when teaching a maze task. 

Barton (1926) also found that typewriting is better learned by whole than part 

practice method. Further, Brown, (1928) found that the whole practice method was the 

most appropriate way to teach students piano music. He carried out his research by 

comparing three methods (whole, part, and combination practice method). However, 
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both Barton and Brown’s studies are far from the sports context and may be confined to 

their subject matter. 

Knapp and Dixon, (1952) applied whole and part practice methods to the learning of 

juggling three paddle tennis balls using daily practice sessions of five minutes duration.  

The goal was to make 100 consecutive catches.  Statistically there was no difference 

between the groups. However the whole practice achieved the goal in sixty-five trials, 

whereas those who followed a part practice regime needed seventy-seven trials. This 

latter finding led Knapp and Dixon to recommend the whole method.  

Wickstrom (1958) sought to determine whether the whole practice or the whole-

direct repetitive practice (i.e. part practice) was more effective in teaching basic 

gymnastic and tumbling stunts to male college student. The stunt was demonstrated to 

the group in minute detail, the description was repeated and the novices’ questions were 

answered. One group of novices would then carry out their practice of the stunts using 

the whole method, the stunts were repeated in this manner until all errors were 

eliminated and the skill was fully acquired. The group would then begin to review a 

new stunt in advance of the following week’s session. In contrast, the part practice 

group began by practicing the first part until they could execute it with the form 

required in performing the whole stunt. The combined first and second parts were then 

described, demonstrated, and practiced until learned. This procedure was continued 

until all parts were added, and the stunt was then practiced as a whole. The results show 

the whole practice group was more effective in learning the basic tumbling and 

gymnastic stunts (back roll-snap down). 

A notable feature of above studies, finding in favour of either the whole practice 

method or the part practice method, is that none refer to any guiding principles which 

can be used to determine whether to implement the whole or part practice method for 

any given skill. A breakthrough in this regard was made in 1963 when Naylor and 

Briggs determined that an additional element of analysis was needed in order to 

determine whether to utilise the whole or part method when learning any particular 

skill. 

Naylor and Briggs (1963) carried out a study on learning in the setting of a Markov 

prediction task. This experimental study attempted to resolve the confusion generated 

by previous studies on the part vs. whole practice methods. The study centred on a 
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group of female undergraduate students who were asked to complete a Markov 

prediction task. They had to make predictions based on the: (a) type of stimulus aircraft, 

carrier, or submarine; (b) location of stimuli; and (c) number of stimuli appearance on 

the screen. The students were asked to predict an event based on three days of learning. 

It was found that the students who had been taught the task using progressive-part 

method performed significantly better, than those who were taught using the whole 

method. 

Several interesting points emerged from this study; the most important being the 

guiding principles for determining whether to use whole or part practice when teaching 

skills, were based on the complexity and organisation of the skill. Naylor and Briggs 

also pointed out that progressive-part practice method was preferable to the whole 

practice method for high complexity and low organisation tasks.  

High level of complexity refers to the number of task components, as well as the 

attention demands of the task; this is especially the case for a beginner learning a skill 

such as serving a tennis ball or learning a dance routine. These skills also demand 

information-processing and/or memory-storage capacities for each of the task 

dimensions independently. Tasks with a large number of components have high 

cognitive demands. In other words, complex skills consist of many constituent skills, 

each of which must be performed in a coordinated and integrated fashion using high-

level schemas or organizing strategies, and at least some of which involve conscious 

processing, such as decision making, problem-solving, or reasoning (van Merri nboer & 

Kirschner, 2007  Peck and Detweiler 2000  van Merri nbo er, 1997  Carlson et al., 1989  

Gopher et al., 1989) or in tracking tasks (Birmingham & Taylor, 1958; Russell, 1951). 

Skills with high levels of organisation are skills which require integration and timing 

between parts of a skill. These types of skills need the student to develop specific 

information-processing / memory associated with the demands of the component parts. 

Furthermore the student will need to develop additional abilities to deal with these types 

of skills, such as the ability to time-share between component parts. These types of 

skills could not be acquired under the part practice method. Tasks with high 

organisation have parts that depend on each other. In this context, dependence means 

that the performance of the succeeding part is dependent on the performance of the 

preceding part. For example: the performing of forehand and backhand drive, basketball 
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lay-up shot, spike in volleyball, pole vault, discus throw, dance and gymnastic 

sequences, front crawl, breaststroke in swimming, and shooting of an arrow in archery.  

The recommended guidelines using complexity and organisation criteria came from a 

study by Briggs and Naylor (1962) which involved three dimensional compensatory 

tracking systems and a review of the literature by Naylor (1962). A study conducted by 

Seymour (1956) on the learning of industrial skills was also influential. 

Finally, Naylor and Briggs (1963) came to the conclusion that the organisation level 

and complexity level of skills provided the basis for deciding whether to use the whole 

or part practice method in order to determine how to teach motor skills (see Figure 2.7). 

 

 

Figure 2.7 Deciding on part or whole practice as suggested by Naylor & Briggs 
(1963) against the criteria of task organization and task complexity. 

Adapted from Singer, (1980) in Motor Learning and Human Performance: An Application to Motor Skills 
and Movement Behavior. 

Other guidelines put forward by Schmidt and Wrisberg (2008) proposed that the 

decision of whether to the use of whole and part practice should be based task 

classification. According to the task classification guidelines discrete tasks, i.e. those 

with a well-defined beginning and end should be practised as a whole. While serial 

tasks can be practised as a whole or in parts depending on the level of organisation 

between the parts. As with Naylor and Briggs (1963), if the organisation between the 

parts is high whole practise is recommended and if it is low practice can be in parts. For 

example, the overhand throw, is more efficiently learned if taught as a whole practice, 
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as it is a skill with a well-defined beginning and end and is therefore a discrete skill.  An 

example of a serial skill on the other hand, can be found in the serve in tennis or dance 

routines. For these types of skills part practice is advised, as they are skills which 

involve a series of discrete skills. 

The study of the levels of complexity and organisation in skills is important from a 

practical standpoint to help the practitioner decide whether to use the whole or part 

practice method. Greater understanding of the processes involved in the performance 

and learning of movement skills should lead to the design of more effective and 

efficient practice procedures that will enable instructors to exploit the structure of the 

way performers, execute, and ultimately store skills in memory. Naylor and Briggs’s 

hypothesis (1963) increased the researchers’, coaches’ and physical educators’ ability to 

predict which type of practice would be best to teach any particular skill. This can be 

done by analysing the skill and identifying the skills component parts and determining 

the extent to which the spatial-temporal performance characteristics of those parts are 

interdependent (Magill, 2011). The hypothesis that skill analysis is the key in 

determining which practice method needs to be used has gained the approval of many 

researchers (Proctor & Dutta, 1995; Rink, French, Werner, Lynn & Mays, 1992; 

French, Rink, Rikard, Mays, Lynn & Werner, 1991). 

In conclusion, whole practice is advisable for skills with low level of complexity and 

high level of organisation. Part practice, on the other hand, should be used for skills that 

are high level of complexity and low level of organization (Naylor, & Briggs, 1963). 

It is noteworthy that recent recommendations regarding the learning of cognitive 

industrial skills are tending to focus on whole practice that require learners to address 

real-world problems, encouraging learners to integrate the skills or elements of the skills 

into their daily lives, thereby facilitating a more effective acquisition of the skill 

(Merrill, 2007 & 2002  van Merri nboer & Kirschner, 2001). These authors emphasise 

that when using whole practice, the trainer or coach must present the skill to the student 

as a whole several times. The student will thus assimilate the information needed for the 

skill. This provides an initial perception of the skill and some idea of the performance 

steps involved without fragmentation.  

As noted by Robb (1972) the whole practice method depends on how the individual 

perceives the whole, i.e., the whole is the largest amount the individual can handle. The 

advantage of a whole practice method is that the participant is exposed to the spatial and 
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temporal coordination of the movement criterion in the performance context (Hansen, 

Tremblay & Elliott, 2005). Beginner inaccuracies can be eradicated with sustained 

attempts and continuous repetition that will ultimately lead to the learner achieving 

optimum skill proficiency. Magill (2011) noted that it is possible to practice the whole 

skill, but with focused attention on specific parts that need improvement, particularly 

when the skill is low level of the complexity and high level of the organisation (Magill, 

2011). 

From a research perspective Wenderoth et al. (2003) investigated whether training 

can reduce bimanual directional interference by using a star-line drawing paradigm. All 

participants were right-handed, beginners. Participants performed rhythmical arm 

movements with identical temporal but differing directional demands. The bimanual 

training group (bimTrain) performed 30 bimanual star-line trials during each training 

session (whole practice), whereas the unimanual training group (unimTrain) executed 

30 line trials and 30 star trials separately (part practice), changing the task every 5 trials. 

For the control group, no practice was allowed. The results showed that whole practice 

can improve spatial coordination of two or more limbs more efficiently than part 

practice. Moreover, one can conclude that athletic, musical, or ergonomic skills that 

require a high degree of interlimb coordination are best served by whole practice. 

This result was consistent with previous studies that showed whole as superior to part 

practice. Kurtz and Lee, (2002) found that a whole practice group performed 

significantly better than part and part/whole practice group. In their study one group 

practiced both parts of the 2:3 polyrhythms coincident with both pacing metronome 

tones (whole practice). Another group practiced each rhythm separately, hearing only 

the pacing tone for the corresponding rhythm (part practice). A third group also 

practiced each rhythm separately but heard pacing tones for both rhythms during 

practice (part/whole practice). This positive result for whole practice supported findings 

by Klapp et al. (1998) and Klapp et al. (1987) who used similar tasks. In addition, it was 

found that the whole practice method was superior when the subtasks were difficult and 

their levels of interaction were low, which is keeping with (Naylor & Briggs, 1963). 

In summary, these findings show that whole practice yielded better learning rather 

than part practice. Wickstrom (1958) with gymnastics skills and Knapp and Dixon 

(1952) found this to be true in teaching juggling as did Combs (1943) in teaching track 

activities; Shay (1934) in experimenting with teaching the upstart in horizontal bar;  
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Brown (1928) in learning piano music, with broadly similar results, and Barton (1926) 

in learning typewriting and (1921) in maze learning test. 

Other studies showing support for whole practice include (Swinnen & Lee, 1997; 

Johns, 1989; Schmidt, 1988; Singer, 1980; Stammers, 1980; Blake & Williams, 1969; 

Brown & Sellin, 1967; McGuigan & MacCaslin, 1955; Briggs & Brogden, 1954; Cross, 

1937). These studies substantiate the evidence that practicing the whole task, as long as 

it is within the learner's capabilities, usually proves more motivating allowing quicker 

improvement than is usually elicited using part practice (Wenderoth, et al., 2003; 

Palmer & Meyer, 2000). 

Part practice is a very common technique for teaching motor skills. By “breaking-

down” the skill into smaller parts, the burden of repeating the simpler parts of the entire 

task can be eliminated, especially at junior level in the sport field (Schmidt, 1982). This 

method has been shown to be more effective for low aptitude or inexperienced learners 

(Schendel, Shields & Katz, 1978; Saber, 1977). Fortunately, in some cases, physical 

educators and coaches can break skills down into parts for rehearsal (Christina & 

Corcos, 1988). Once the learner has successfully achieved the performance of 

individual parts or components in isolation they can then re-perform the whole skill. For 

example: practicing the arm and the leg strokes in Red Cross rescue method for 

swimming in isolation, then grasping the whole; practicing specific stunts in gymnastics 

which later become part of a routine; practicing the transition elements between the 

parts is of particular importance. It has been found that there is a marked reduction of 

time and an increase in the efficiency of learning difficult tasks (Hansen, et al., 2005; 

Wheaton et al., 1976; Holding, 1965; Adams, 1960). 

Researchers, coaches and physical educators have solved one part of the problem by 

determining that part practice method is more appropriate to teach skills that have a high 

level of complexity and low levels of organisation (Naylor and Briggs, 1963). In soccer, 

for example, there are several skills such as passing, dribbling, controlling, and kicking 

that can be learned separately since learning one skill has little influence on another 

soccer skill. An aerobics class routine is another example of a task that has high levels 

of complexity and low levels of organisation. Additionally, the interdependence or 

divisibility of the aggregate parts, the scale of the task, and the greater the advantages of 

part practice depend on the nature of the target skill being learned (Schmidt & 

Wrisberg, 2008; Holding, 1987). 
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The other part of the problem is how to implement the part practice strategies for the 

high complexity skills. In order to get a positive transfer between and among the 

practiced parts of a skill and between the practiced parts and the whole skill, one of 

several different part practice schemes must be used. Pure-part practice refers to a 

procedure in which parts are practiced in isolation before they are combined into the 

whole task. For example: basketball lay-up, volleyball spike (smash). There are number 

of ways to structure part practice i.e. fractionation, segmentation, (repetitive or 

progressive part practice scheme), and simplification (or adaptive training). These are 

all techniques that instructors can use to reduce the high levels of complexity of skill 

practice (Magill, 2011; Schmidt & Wrisberg, 2008; Mané, et al., 1989; Wightman & 

Lintern, 1985).  

When using the part method the trainer or coach divides each skill by taking into 

account the progression from simple to complex, from part to whole, and from easy to 

difficult (if information-processing requirements are high, or if responses within one 

aspect of the task might influence the nature of cues received subsequently) (Kirby & 

Nettelbeck, 1976). A central feature of any part-practice method is a schedule that is 

used to reintegrate the parts. This ultimately generates the appropriate level to enable 

the learner to progress to the next part, and so on, until they are practicing the whole 

skill. However, some research suggests that when dividing skills into parts and 

practicing each part in isolation, the parts become a little different as to how they are 

when operated in the context of the whole skill (e.g., Miller & Franz, 2005; Wenderoth, 

et al., 2003; Schmidt & Young, 1987; Lersten, 1968). For example, practicing the 

backswing in isolation and then forward swing in golf creates a different dynamic at the 

top of the swing. Stopping the backswing at that point eliminates the active stretching of 

the muscles, which naturally create a smooth quality. Therefore, the dynamics of the 

backswing when it is practiced in isolation are quite different from those of the same 

backswing performed in the context of the whole swing (Schmidt & Wrisberg, 2008) 

Templet and Hebert (2002) compared learning and acquisition of motor skills using 

the whole and part practice method. They examined the available part-whole data on 

learning and acquisition of motor skills through meta-analysis, using computer searches 

and reference lists. The authors analysed the results using mean and standard deviations 

of groups, or two group comparisons (t-test and ANOVA), allowing them to calculate 

the effect size. They found the part practice method superior to whole practice method 

for learning of serial skills. The serial skills with low level of organisation were learned 
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better by the segmentation part practice method. For non- serial skills part practice was 

better than whole practice method, particularly where fractionation or simplification 

were used. Other similar findings were found in favour of part practice for studies that 

focused on teaching human sequenced behaviour with and without prompts (Watters & 

Scott, 1992). 

Other studies which show support for part practice include Peck and Detweiler, 

(2000), Goettl and Shute (1996), Watters and Scott (1992), Ash and Holding (1990), 

Fabiani et al. (1989), Frederiksen and White (1989), Mané et al.(1989), Newell et al. 

(1989), Watters (1989), Battiste (1987), Lintern and Wickens (1987), Walls, Zane and 

Ellis (1981), Bailey, Hughes and Jones, (1980), Nettelbeck and Kirby (1976), Wheaton 

et al. (1976), Gold (1968), Denny (1966), Clarke and Clarke (1965), Holding (1965), 

Briggs and Naylor (1962), Adams (1960), Seymour (1956), and O'Brien (1943). 

There are three types of part practice schemes, as mentioned above, which were 

identified by Wightman and Lintern (1985). Fractionation for example can be seen 

where a swimmer practices the leg kick by itself, using a kickboard prior to integrating 

it into the stroke. A participant practicing ten-pin bowling by first working on just the 

steps and then combining the steps and the arm swing is using segmentation scheme. A 

child hitting a baseball off a tee-support is practicing through a simplification scheme. 

These schemes of part practice method will now be examined in greater detail. 

 

Fractionation (Fractionaization): 

This is a part-task training method related to asymmetric coordination skills that 

involve practicing each arm or leg movement separately before practicing them together 

(Magill, 2011, p. 444). Schmidt and Wrisberg’s (2008) interpretation of fractionation is 

that of a practice involving separate practices with two or more components (or two or 

more tasks) that must eventually be performed together, this is depicted in figure 2. 8. In 

other words, fractionation is a part practice technique that separates practice parts 

normally executed together (Coker, 2013; Proctor & Dutta, 1995; Wightman & 

Sistrunk, 1987; Wightman & Lintern, 1985). For example, fractionaization involves 

practicing each arm or hand or leg individually before using both limbs together. 

Examples in sport where fractionaization may occur are the tennis serve (practice 

separately tossing the ball and the backswing); swimming sidestroke style (swimmer 
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lies on their side with asymmetric arm and leg motion, allows the swimmer increased 

endurance because, instead of working both arms and legs simultaneously in the same 

way, the side stroke uses them simultaneously but differently); and actions of each leg 

in hurdling. Further examples can be founding non-sports contexts e.g. piano, violin and 

pitch and roll control of aircraft in level flight simulator. 

This method is based on the division of the skill into different parts, focusing only on 

one part of the human body, such as an arm or a leg movement. Consequently, the 

learner’s attention is focused on the actions of one limb at a time and thus, reducing the 

cognitive load and allowing automatic processing to occur (Whaley & Fisk, 1993; 

Schneider & Detweiler, 1988). However, a down side of fractionation is that separating 

task components prevents the development of time-sharing skills for linking and 

coordinating components (Lintern & Wickens, 1991; Wickens, 1989). 

Fractionation (fractionaization) practice method has been tested a number of times 

for different skills, such as a tapping polyrhythm (Klapp et al., 1998), performing 

bimanual aiming skills (Sherwood, 1994), video game playing (Newell et al., 

1989),tracking tasks (Briggs & Naylor, 1962), rhythm and melody skills (Shaffer, 

1981), control of aircraft in flight (Briggs & Walters, 1958), and juggling (Knapp & 

Dixon, 1952).  

Newell et al. (1989), Detweiler and Lundy (1995), and Sherwood (1994) found 

support for the fractionation part practice method. On the other hand Klapp et al. 

(1998), Briggs and Walters (1958) and Knapp and Dixon (1952) found the whole 

practice method to be more effective compared to the fractionation part practice 

method. 
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Figure 2.8 Part practice method (Fractionation scheme) 

Adapted from Wightman &Lintern, (1985).Part-task training strategies for tracking and manual control. 
Human Factors: The Journal of the Human Factors and Ergonomics Society, 27(3), 267-283. 

 

Segmentation: 

This is a procedure that partitions temporal or spatial dimensions, separating skills 

into parts according to their special or temporal elements (Coker, 2009; Hansen et al., 

2005; Wightman & Lintern, 1985).Magill (2011) defined it as a part-task training 

method that involves separating the skill into parts and then practicing the parts so that 

after one part is practiced, it is then practiced together with the next part, and so on. 

Also known as the progressive part method. This method involves practicing individual 

parts of a skill, without spending time on the parts that are easier to learn or which are 

already well learned, shown schematically in Figure 2.9. Wightman and Lintern (1985) 

note that is a useful regime when different segments of the skill vary greatly in their 

difficulty. 

The segmentation practice method take advantage of the benefits of both part and 

whole practice method, reducing the attention demands of performing the whole skill 

(i.e. part method), so that the learner can focus attention on a specific part of the whole 

skill. The learner can also practice important spatial and temporal coordination 

requirements as segments and put them together afterwards (Coker, 2013; Magill, 

2011). 

Fractionation 
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Whole practice method 
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B 

B 

A 
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This practice, which is also known as the repetitive or progressive part practice can 

be achieved by either forward chaining (practice of parts progressing in a logical 

temporal sequence from earliest performed part to last performed part) or backward 

chaining (practice of parts in a reverse temporal sequence from the end part to 

beginning part) on the basis of breaking a skill into parts. The parts are then practised 

one after another; so that once one part is practised/learned it is then practised with the 

next part, and so on (Magill, 2011; Wightman & Lintern, 1985; Bailey et al., 1980). 

Examples of forward chaining would be teaching a piece on the piano, javelin throw, 

shot putt, and swimming breaststroke style. An example of backward chaining is 

teaching basketball layup by starting with layup the ball into the net from standing 

position. Then adding take-off and then adding dribbling. Forward chaining would 

begin with the dribbling then add the take-off and then add the layup shot. 

It is also interesting to note that there are other comparisons between the 

segmentation practice method (i.e. forward & backward chaining) with whole practice 

method for both laboratory and real-world skills. Ash and Holding (1990) found out that 

both of the progressive part practice methods proved superior to the whole practice 

method. Watters (1992) pointed out that the progressive part method was more 

beneficial for learning to type an eight-key sequence on a computer keyboard than the 

whole practice method.  

This result was consistent with previous studies that showed the progressive part 

practice method as superior to whole practice method. Wightman (1983) in teaching 

simulated carrier landing, as did Westra (1982) in teaching landing skills, and Bailey et 

al. (1980) on training for dive-bombing delivery. 
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Figure 2.9 Part practice method (Segmentation scheme) 

Adapted from Wightman & Lintern, (1985): Part-task training strategies for tracking and manual control. 
Human Factors: The Journal of the Human Factors and Ergonomics Society, 27(3), 267-283. 

 

Simplification: 

This is a part practice technique in which a difficult task is made easier by adjusting 

one or more characteristics of the task (Magill, 2011; Ash & Holding, 1990; Wightman 

& Lintern, 1985). It is an important method of part learning and aims to minimise the 

difficulties of each part of a skill through simplification, such as learning to juggle three 

balls by used of beanbags for practice as demonstrated by Hautala (1988); using ski 

poles to learn slalom ski simulator task (Wulf, Shea & Whitacre, 1998); an asymmetric 

bimanual coordination task (Walter & Swinnen, 1992), and addition of auditory cues 

(Thaut, McIntosh, Rice, Miller, Rathburn &Brault, 1996). 

Additionally, a reduction in the difficulty of a task can have a similar effect, for 

example through slowing the speed of movement, changing the nature of objects used in 

skill performance to create easier interactions e.g., scarves and beanbags for juggling 

instead of balls; manipulating sizes of bat, tennis racquet and balls for batting and 

spiking, or reducing the degree of environmental instability by bigger tennis court, low 

net, and so on. Broadly speaking, this part practice technique preserves the wholeness 

and the organisation between the parts, while reducing the attentional demands thus 

making the skill easier to acquire. Consequently, this method is considered to be closer 

to the whole method strategy, depending on the same principles of explanation and 

presentation of skills. In other words, for a complex tasks, simplification practice can 
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make either the whole task or certain parts of the task less difficult for participants to 

perform (Magill, 2011). Simplification practices can be generated by organising transfer 

effects between task components in terms of task difficulty (low-medium-high and vice 

versa) to the game. This is consistent with most educational literature as a basic 

pedagogical principle (Lee, Chamberlin & Hodges, 2001). Some experiments show 

greater transfer from difficult-to-easy than from easy-to-difficult task (Day, 1956). 

However, this does not necessarily mean that practice should be conducted from 

difficult to easy (Holding, 1965). 

A good example of simplification practice in a sports context comes from a study 

conducted by Hebert, Landin, & Solmon, (2000). They required participants learning 

the tennis serve to progress from easy-to-difficult over four distances, from near to far, 

from the net. The result is consistent with the previous findings (Gaines, 1967; House & 

Zeaman, 1960; Ammons, Ammons & Morgan, 1954; Levine, 1953). Interestingly, there 

are studies showing positive teaching outcomes when the participants began learning 

with the most difficult version then moving to the least difficult (Williges & Baron, 

1973; Briggs & Naylor, 1962; Briggs, 1961; Briggs & Waters, 1958). In general, a 

number of scholars (e.g., Mané et al., 1989; and Hautala, 1988) have provided support 

for simplification as an effective part practice technique compared to the whole practice 

method. 

 

2.8.5 Whole-Part-Whole Method 

The Whole-part-whole (WPW) involves practice repetitions of the whole skill 

followed by practice on a weak part (segment) of the skill, and then practicing the whole 

skill again before isolating another part of specific practice (Swanson, 1991; Singer, 

1980). The WPW learning experience provides the learner initially with complete 

understanding of the whole skill before isolating a part (Swanson 1991). This practice 

method combines the features of both part and whole practice method; see Figure 2.10 

(Magill, 2011). 
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Figure 2.10 Whole-Part-Whole learning model 

Adapted from Swanson & Law, (1993): Whole-Part-Whole learning model.Performance Improvement 
Quarterly. 6(1), 43-53. 

 

This practice method was developed in order to address the gap left by Naylor and 

Briggs (1963) hypothesis which did not address the component practice on skills that 

may fall somewhere between the two categories of level of organisation and level of 

complexity. Their hypothesis was limited to determining the practice method based on 

the level of organisation and complexity (e.g., using part practice method to teach skills 

with high level of complexity and whole practice method teaching skills with high level 

of organisation). However they did not address what to do where skills are high in 

complexity and high in organisation. 

Weitl (2010) found the WPW practice method is effective method for practicing 

volleyball skills. Schmidt (1980), McGeoch (1945), Woodworth (1938), McGeoch 

(1931), also found it an effective method of practice. 

Fontana, Mazzardo, Furtado & Gallacher (2009) conducted a meta-analysis on whole 

and part practice studies. The main purpose of their study was to verify whether 

guidelines for making decisions regarding whether whole or part practice methods 

should be used for the learning of motor skills. A number of studies on whole and part 

practice had to be omitted as they did not meet the criteria to be included. 

With respect to the testing of the validity of both the Naylor & Briggs (1963) and 

Schmidt & Wrisberg (2008) guidelines for using either whole or part practice there were 

no statistically significant results. However trends in the mean effect sizes indicate 

support for the Naylor & Briggs (1963) recommendation. That is, for task high in 

complexity and low in organisation use the part method and for those low in complexity 

and high in organisation use the whole method. Data trends indicate partial support for 
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the Schmidt & Wrisberg (2008) recommendation. That is, mean effect sizes indicated 

that part practice was better for serial tasks with low organisation and whole practice 

was better for serial tasks with high organisation. 

A main finding by Fontana et al. (2009) was that there was no difference between 

whole and part practice for both acquisition and retention. Fontana et al. note that the 

findings suggest that whole and part practice are equally effective. This finding by 

Fontana is consistent with what has been reviewed in this study with both whole and 

part practice methods receiving substantial support. 

The following provided support for the whole practice method (Wenderoth et al., 

2003; Kurtz & Lee, 2002; Palmer & Meyer, 2000; Klapp et al., 1998; Rateeb, 1997; 

Swinnen & Lee, 1997; Summers & Kennedy, 1992; Schmidt, 1988; Klapp et al., 1987; 

Singer, 1980; Stammers, 1980; Blake & Williams, 1969; Brown & Sellin, 1967; Naylor 

& Briggs, 1963; Briggs & Naylor, 1962; Briggs & Walters, 1958; Wickstrom, 1958; 

McGuigan & MacCaslin, 1955; Briggs & Brogden, 1954; Combs, 1943; Cross, 1937; 

Shay, 1934; Brown, 1928; Barton, 1926, 1921). In contrast, there was also substantial 

support for part practice (Templet & Hebert, 2002; Peck & Detweiler, 2000; Goettl & 

Shute, 1996; Watters & Scott, 1992; Ash & Holding, 1990; Mané et al., 1989; Fabiani 

et al., 1989; Frederiksen & White, 1989; Newell et al., 1989; Watters, 1989; Battiste, 

1987; Lintern & Wickens, 1987; Walls et al., 1981; Baily et al., 1980; Nettelbeck & 

Kirby, 1976; Wheaton et al., 1976; Gold, 1968; Denny, 1966; Clarke & Clarke, 1965; 

Holding, 1965; Briggs & Naylor, 1962; Adams, 1960; Seymour, 1956;  O'Brien, 1943). 

The lack of support for one practice method over the other is reflected in the tennis 

teaching literature where some recommend whole practice method and other 

recommend part practice method as stated in chapter one. 

The effects of part and whole practice for the learning of tennis strokes have yet to be 

investigated. So the purpose of this study was to compare the effect of whole, part, and 

combined whole and part practice method with beginner tennis players. 

 

 

 

 



48 
 

CHAPTER THREE 
 
 

3.1 Introduction 

As previously identified in the literature review, there is lack of consensus in the 

research and among tennis federations and coaches as to whether forehand and 

backhand drive strokes should be taught using the whole, part, or combination practice 

methods. The overall purpose of this research was to determine whether the whole, part 

or combined methods are more effective in teaching basic tennis skills to females. The 

research is comprised of two key studies. 

Study 1 – Validity & Reliability Analysis of Testing Procedures 
 

3.2 Methodology 

The purpose of Study One was to determine the validity and the test-retest reliability 

of the International Tennis Federation (ITF) test used to assess performance and 

learning of the forehand and backhand drive strokes. 

Validity: Validity was established based on the ability of the test procedure to 

discriminate between novice and club level participants. 

 

Reliability: The ITF test underwent a test-retest reliability procedure. 

The hypotheses for this study were as follows: 

H1: Experienced players will score significantly higher than novices (validity). 

Hₒ1: There will no difference between test and retest scores for both novice and club 

level participants (test-retest reliability). 

 

3.2.1 Participants 

Thirty volunteers were recruited for Study 1. They were 15 novices who had no 

previous experience with any racquet game so as to avoid any skill transfer from those 

games to tennis, and 15 club tournament players. Volunteers were obtained by means of 
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an advertisement sent out by email to University of Limerick for novices and to member 

of limerick lawn tennis club for club tournament players, as described in appendix E. 

In this study, only females were chosen for ease of recruitment. Lunn and Layte 

(2008) reported that “in Ireland more females play tennis than males” (p. 25). 

Precedence for all female tennis studies includes McPherson (1999); Hebert & Landin 

(1994) and Purcell (1981). 

All testing was conducted on a hard indoor court in the sports hall in the Department 

of Physical Education and Sport Sciences (PESS) at the University of Limerick. The 

participants provided informed consent prior to taking part in the experiment and were 

treated in accordance with the Ethical application EHSREC10-17 which was approved 

by the Education and Health Sciences Research Ethics Committee. 

 

3.2.2 Assessment Set Up 

The assessments for the forehand and backhand drive strokes required three lines to 

be added to one end of a standard tennis court with a net height of 0.914m as shown in 

Figure 3.1. For the test two lines were added to back area which was divided into three 

parts (1.82m each) within the normal singles playing area of the court, and a third 

(bonus line) was added behind the baseline (4.87m from the centre of the baseline and 

4.57m from the side). Each participant selected a preferred sized tennis racquet (Wilson 

brand) made available to them. One hundred and fifty tennis balls (head brand) were 

used for the whole study. The ITF test equipment is contained in Table 3.1. 

 

Table 3.1 ITF test equipment 

• 2 x 27' (8.23m) Depth lines. • 3 x Score sheet pad and pen. 
• 1 x 48' (14.63m) Bonus line. • Stop watch 
• 2 x 39' (11.88m) Accuracy lines. • Basket of balls. 
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Figure 3.1 Court markings and set up on the single tennis court for the ITF test 

 

The following is a description of the ITF test illustrated in Figures 3.1 and 3.2. 

Participant (P) and Feeder (F) were positioned on either side of the net as indicated in 

Figure 3.2. The feeder stood half way between the service line and the net. The 

participant stood about 3 to 6 ft (0.91 to 1.83m) inside the baseline at the opposite end 

of the court. A ball was fed by a hitting action and projected directly down between the 

baseline and the serve line to land so that P could make contact with it after it bounces.  

Scoring in the ITF test is described as follows (ITN On Court Assessment booklet, 

2004) Points are awarded based on where the ball lands on the first and second bounces 

as indicated in Figure 3.2. One point is awarded when a ball lands anywhere in the serve 

box area. Two points are awarded when a ball lands in the front section of the back 

court area. Three points are awarded when a ball lands in the middle section of the back 

court area. Four points are awarded when a ball lands in the last section of the back 

court area. One bonus point is awarded when a ball lands anywhere within the singles 

court area and the second bounce lands between the baseline and bonus line. Double 

points are awarded when a ball lands anywhere within the singles court area and the 

second bounce lands beyond the bonus line. Zero points are awarded when the ball’s 

first bounce lands anywhere outside the normal singles playing area. The overall score 

is calculated by taking the sum of the points obtained on each of the ten trials. The 

range of minimum and maximum scores for each trial at the pre, post, and retention test 
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was 0-9. The highest possible total score for all trials of each skill was 90 points. 

Scoring consistency: one extra point is awarded for every shot that is not an error. For 

example, 5 points are awarded when the first bounce lands in the 4 point area and the 

second bounce lands beyond the baseline; eight points are awarded when the first 

bounce lands in the 4 point area and the second bounce lands beyond the bonus line. 

The participant or the feeder has the option to reject any feeds that did not land in the 

correct area properly as per ITF assessment guide. 

Before the study began, in order to ensure accuracy and consistency, standardised 

ball feeds were practised by the feeder under the guidance of the experimenter.  In 

addition, there were three postgraduates student from the PESS Department. They acted 

as scorers, and they looked at where the balls landed and announced and recorded the 

score. The feeder was an experienced tennis player who had to feed the ball by hitting it 

to P, so that P could strike it to the target area, so that after it bounced they could make 

contact with it between knee and hip height.  

In addition to scorers there were three digital video cameras (JVC model: TK-c1380, 

Tokyo, Japan) in placed which also captured the scoring. The first camera was 

positioned behind the participant side (5m and 2.5m high). The other two cameras were 

positioned on both corners of the side of the feeder, placed 2.5m high, and so that the 

back area includes area-1 bonus point and double point were clearly visible within its 

field of view for subsequent analysis. All audio comments of the investigator were 

captured with camera one. In addition to the projector device model model “CP-

X340WF” produced by Hitachi manufacturing, Inc. used to explain the test to the 

participants. 

On the completion of the testing the recorded scores were checked with video 

camera. These recording procedures were carried out for pre, post, and retention test. 

A pilot test was conducted with 5 postgraduates from the PESS department to ensure 

that the test procedures were workable and timely. 
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3.2.3 Task and Procedure 

Participants underwent two tests i.e. test and retest with the retest occurring after a 

five day break. On test days, participants carried out a 5 minute dynamic warm-up 

specific for tennis (Appendix C).Once this warm-up was completed, participants 

performed the ITF test on the tennis court shown schematically in Figure 3.2. 

Participants took 5 trials on the forehand drive then 5 trials on the backhand drive, 

then again for 5 trials for forehand drive then 5 trials for backhand drive. Odd numbered 

participants (e.g., 1, 3, 5...etc) began with forehand drive while even numbered 

participants (e.g., 2, 4, 6...etc) began with backhand drive. While waiting their turn 

participants remained behind a partition so that they could not see the other participants 

performed the test. 

 

 
 

Figure 3.2 Illustrates the positions of the feeder (F) and participant (P) on the 
single tennis court along with how points are awarded 
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3.3 Results 

3.3.1 Validity 

An independent samples t-test was conducted to compare performance between the 

club tournament players and the novices.  Significance was set at the 0.05 level. 

 

 
Figure 3.3 The variation between novice and club tournament participants 
supporting test validity for forehand & backhand drive strokes 

 

As illustrated in Figure 3.3the club tournament players scored significantly better 

than novices in both skills (forehand & backhand drive).  More specifically, the results 

show significant differences between novice (18.87 3.50) and the club tournament 

players (57.71  7.38; t (27) = -18.305, p < 0.05) for the forehand drive. While for the 

backhand drive novices were also inferior (21.6  8.45) to the club players (49.79  

7.24; t (27) = -9.604, p < 0.05).  These findings support the hypothesis H1: Experienced 

players will score significantly higher than novices (validity); and thereby the validity 

of the ITF test. 
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3.3.2 Reliability 

The null hypothesis of no relationship here is that the measurements by test-retest are 

not linearly related. Reliability was established using the Intraclass Correlation 

Coefficient (ICC) analysis. This analysis is appropriate for small sample sizes (less 

than~15), and avoid overestimates and bias (Hopkins, 2013). The ICC (forehand & 

backhand drive strokes) for the tennis club tournament players was R = 0.66 (95% CI: 

.22, .88) and0.55 (95% CI: .05, .83) respectively. Whilst the ICC of 15 novice 

participants was R = 0.11 (95% CI: -.25, .53) and0.30 (95% CI: -.25, .70) respectively. 

These findings indicate moderate test-retest reliability for club level players and poor 

reliability for novice players. ICC provides an estimate of reliability and is not stated in 

the relevant units of measurement (i.e. forehand and backhand ITF score) which would 

be very useful in the interpretation of the effect of the intervention study. Because of 

this further reliability analysis was applied. A Limits of Agreement analysis (Bland & 

Altman, 1999; Atkinson & Nevill, 1998) was carried out to represent the 95  likely 

range for the difference between participants’ scores in the two tests (between d    1.96s 

and d  - 1.96s) mean difference (d ) and standard deviation of the difference (s). The 95  

limits of agreement are easily interpreted and can be applied to data to assess the 

meaningfulness and extent of change which may occur due to intervention. The limits 

of agreement found with the forehand drive were (12.28, -11.56) for the tennis club 

tournament players and for the novice players were (17.33, -9.07) respectively (Figures 

3.4 & 3.6). Whilst with the backhand drive the limits of agreement were (13.57, -11.43) 

for the tennis club tournament players and for the novice players were (14.27, -17.21) 

respectively (Figures 3.5 & 3.7). The 95% limits of agreements found for club level 

players are relatively small in relation to the mean score for forehand and backhand 

drive strokes. However this not the case for novice players and the limits of agreement 

found are large relative to mean score.  

 

3.4 Conclusion 

The current study demonstrated the ability of the test to discriminate between club 

and novice players. The study has also demonstrated that novice players do not perform 

in a reliable fashion using this test. However, the ITF test is an internationally 
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recognised test with clearly defined procedures of implementation and the lack of 

reliability found in the novice participants may be a reflection of their learning stage as 

opposed to lack of test suitability. The limits of agreement found can be used to 

interpret the impact of the intervention in Study 2 i.e. if a participant changes greater 

than the limit of agreement the investigator can have a 95% confidence that real change 

has taken place and that the observed change is not due to any error/lack of reliability 

inherent in the testing procedures. 

 

 
Figure 3.4 Precision of estimated limits of agreement for the tennis club players on 
the forehand drive 

 
 



56 
 

 
Figure 3.5 Precision of estimated limits of agreement for the tennis club players for 
the backhand drive 

 
 

 
Figure 3.6 Precision of estimated limits of agreement for the novice forehand drive 
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Figure 3.7 Precision of estimated limits of agreement for the novice backhand 
drive 
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CHAPTER FOUR 
 
 

Study 2: An investigation of the effects of whole, part and combined whole and part 
practice on the learning of the forehand and back hand drives 

 
 

4.1 Introduction 

As shown in the literature review there are no clear findings demonstrating the best 

way to design programmes to teach tennis skills to novices with respect to the whole 

and part practice methods. This research aimed to identify the most effective method in 

terms of whole and part practice for teaching tennis skills, and thus guide the physical 

education teachers and coaches to select the best method of teaching tennis skills 

(forehand and backhand drive strokes) to beginners.  

The purpose of study two was to determine which of the whole, part or combined 

practice methods is more effective in teaching basic tennis skills to novice females. 

 

4.2 Participants 

The data for this study was obtained during the second semester at the University of 

Limerick Academic Year 2010-11. In response to the email advertisement (Appendix 

D) one hundred thirty six female volunteers turned up for testing. The participants 

provided informed consent prior to taking part in the experiment and were treated in 

accordance with the “Ethical application EHSREC10-17” which was approved by the 

Education and Health Sciences Research Ethics Committee. 

Seventy nine volunteers had to be excluded either because they had previous 

experience with racquet sports or they did not reach minimal standard on the pre-test 

scoring 5 point or less. The remaining (60) volunteers who took part in the intervention 

section of study were age 18 to 35 (age 26.58  4.14 yrs, height 1.67  0.06 meter) were 

segmented into four levels high (25-35), medium (15-24), low (6-14), and unacceptable 

(0-5). The participants were randomly allocated (using random number tables) to 

practice groups from each level exclude from 0-5 points. 
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4.3 Task and Procedure 

All testing required participants to undergo the same test procedure as in study one. 

Participants underwent the same protocol for pre, post, and retention tests (7 days).  

 

4.3.1 Pre-test 

After conducting a pilot test, the instructor started assessing the 139 participants 

through pre-test of skills in tennis, using the International Tennis Federation Test, on the 

14th, 17th and 26th January 2011 in order to test the skill level for two skills (forehand 

and backhand drive strokes). The same test procedures as used in study one was 

applied. 

After extracting the results of every attempt, for each skill, for all the participants 

after their first performance, the instructor reviewed and discussed them with the 

subjects, by giving instructions, guidance and feedback to improve their performance in 

the future. It is important to determine the mistake points: “it’s necessary for the player 

to discuss with the teacher in order to know the results obtained through performance’ 

(Murphy & Murphy, 1975, p. 198). However, the pre-test gives more information: the 

instructor is able to assess the performance of technical skills that require practice.  

What does this mean?  It seems that you gave feedback after the test. 

 

4.3.2 Post test 

On the 9th and 10th  of March 2011, after completing the practice intervention 

sessions for the three groups, which took place over 10 tennis lessons, the post-tests 

were conducted to find out what a learner could do after practising a skill. The test had 

the same conditions and supervisors. The participants were encouraged to perform well 

and to focus throughout the test using positive feedback. 
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4.3.3 Retention test 

On the 15th and 16th March 2011, a retention test was given following a period of no 

practice as shown in Figure 4.1. The experiment includes a retention test to check the 

durability of practice effects (Ash & Holding, 1990). 

 

 

 

 

 

 

Figure 4.1 Testing time line 

 

4.3.4 Practice Protocol 

The four groups A, B, C, and D on the basis of pre-test scores (22 score average from 

full mark of 90) to ensure that there were no significant initial difference between the 

groups in baseline scores on the skills or differences in variance which might have 

influenced the final results. There were three experimental groups (whole, part and 

combined whole and part) and a control group which did not practise. The experimental 

study consisted of 15 participants per group. The “whole practice method” group A  the 

“part practice method” group B  the “combination practice method” group C, and the 

“control group” group D. Two skills were selected for study: the forehand and backhand 

drive strokes.  

The practice sessions lasted 1 hour each and consisted of approximately 5-8 minutes 

of a dynamic warm-up specific for tennis (Appendix A).Instruction and practice took 

approximately 40-45 mins. The first lesson was similar for all the intervention groups as 

explained in the appendix for each method separately. 

In week six after completion of five weeks of practice a post-test was administered. 

The procedure for the post-test and also the retention test seven days later was identical 

to the pre-test. Personnel included the investigator, who was the instructor (responsible 

for carrying out all procedures), and who was a qualified tennis coach. The participants 

Pre-test          Post-test   Retention-test 
   
         Five weeks        Seven days 
 
      Practice Period   No Practice Period 
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were free to ask questions for clarification. The experimental procedures are 

summarised in Figure 4.2 below. 

 

 
Figure 4.2 Procedures for intervention study 

 

Group One: Whole Practice Method 

In the whole practice method the experimenter demonstrated how to perform the 

whole skill in front of the participants and the participants are then asked to replicate 

what they have seen based on the recommendation of the ITF. The experimenter first 

demonstrated the correct grip, the stance and so on until he had demonstrated every part 

of the skill. The experimenter provided appropriate instructions throughout the 

demonstration on the grip, stance, backswing early, eye contact with ball, forward 

swing, ball contact, feet movement, follow-through etc. 

The whole practice group (n = 15) practice sessions were approximately 60 minutes 

in duration. The sessions took place twice a week, not including test days. The 

participants were divided into pairs and both took turns acting as the F (feeder) and P 

(participant). The participants stood at a distance of 3-4 meters apart, F was directed to 

throw the balls underhand to P, so that it bounced slightly to the side and to the front of 

Group Pre-test Post-test Retention-test Intervention study 
 

Practice/Session Phase 
10x2 trials 
of forehand 
& backhand 

10x2 trials 
of forehand 
& backhand 

Whole 
Practice 

Backhand 
practice 

Forehand 
practice 

Forehand 
practice 

Backhand 
practice 

10x2 trials 
of forehand 
& backhand 

10x2 trials 
of forehand 
& backhand 

Part 
Practice 

Combined 
Practice 

Forehand 
practice 

Backhand 
practice 

10x2 trials 
of forehand 
& backhand 

10x2 trials 
of forehand 
& backhand 

No intervention/ practice 
10x2 trials 
of forehand 
& backhand 

Control 
Group 

10x2 trials 
of forehand 
& backhand 

10x2 trials 
of forehand 
& backhand 

10x2 trials 
of forehand 
& backhand 

10x2 trials 
of forehand 
& backhand 
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P so that P could hit it back toward to the F. F would then repeat this throw 20 times 

before switching roles with P, as described in Appendix B. Feedback was given to the 

participants after 10 trials. 

The second practice was very similar to the first practice in set up, the main 

difference was that the distance between the F and P was increased to 5-6 meters. 

Additionally, P was required to take one step forward after hitting the ball. The third 

practice, again was very similar to the second practice, however here a small obstacle 

considered as a tennis net 30cm height (i.e. a rope across the centre of the court) 

between F and P. The participants then followed exactly the same method in order to 

practice the backhand drive. 

The participants repeated this practice schedule again in the third and fourth session. 

In the remaining 6 practices the experimenter gradually increased the difficulty of the 

practices, based on the participant’s ability, up until the end of the intervention study. 

The difficulty of the practices was increased in various ways. For example, the 

experimenter placed a square target on the wall at the same height as the tennis net, 3-4 

meters distance from the P. The P was then required to aim at the square for 20 

repetitions. The following practice was similar with an increase in the distance between 

the P and the wall to 5-6 meters to increase the difficulty of the shot, as described in 

Appendix B. 

 

Group Two: Part Practice Method 

In the part practice method the experimenter demonstrated the skills and then 

fragmented the skills into units in order for each unit to be practiced one after another. 

Once the first unit of the skill had been practised, the next unit would be focused and so 

on, using a forward chaining process from the progressive part scheme based on the 

recommendation of the ITF. The participants in this group practiced each unit of the 

forehand and backhand drive strokes one after another. The experimenter first 

demonstrated each unit of the skill (e.g., the backswing to the forehand drive) and then 

asked the participants to practice this unit. Secondly the experimenter demonstrated the 

forward swing units, and this was practiced along with the first unit, chaining each unit 

together until the whole skill had been formed. The practice was carried out for a total 
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of 20 times, adding units cumulatively as they went along, described in more detail 

below. 

Similarly to the whole practice group, the part practice group (n = 15) practice 

sessions were approximately 60 minutes in duration and sessions took place twice a 

week, not including test days. The participants stood in the form of a curved line in 

front of the experimenter and practiced the backswing for 5 repetitions. They then added 

the forward swing as second unit for 5 repetitions. Contact with ball and the follow-

through swing was added as third unit for 5 repetitions, and finally a step forward 

forming the whole skill, again for 5 repetitions, as described in appendix B. Feedback 

was given to the participants after 10 trials. The participants then followed exactly the 

same method in order to practice the backhand drive. 

The participants repeated this practice schedule again in the third and fourth session. 

The experimenter then altered the practices to gradually increase the difficulty until the 

end of the intervention study. The difficulty of the practices was increased in various 

ways. For example, the experimenter placed a square target on the wall at the same 

height as the tennis net, 3-4 meters distance from the P. The P was then required to aim 

at the square for 10 repetitions using two units from the skill (e.g., backswing and 

forward swing), and then another 10 repetitions with adding the rest of units from the 

skill. The following practice was similar with an increase in the distance between the P 

and the wall to 5-6 meters to increase the difficulty of the shot, as described in appendix 

B. 

 

Group three: Combination Practice Method 

In the combination practice method the experimenter demonstrated how to perform 

the whole skill in front of the participants and the participants were then asked to 

replicate what they had seen ( ITF recommendation). The experimenter then fragmented 

the skill into units in order to allow extra focus on the more difficult units to allow them 

to be perfected. The skill was then performed again as a whole skill. This method is 

essentially a combination of the other two methods, taking advantage of the benefits of 

both of them. If there were errors in performance, the necessary corrections in form 

were made until the reason for failure was eliminated. The experimenter first 

demonstrated the whole skill (e.g., the grip, stance, backswing early, eye contact with 
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ball, forward swing, ball contact, feet movement, and follow-through) for 5 repetitions, 

and then practiced the harder units (e.g. ball contact) for 10 repetitions. The skill was 

then performed again as a whole practice scheme for 5 repetitions, taking into account 

that the total number of repetition was 20 times. 

The combination practice group (n = 15) practice sessions were approximately 60 

minutes in duration. The sessions took place twice a week, not including test days. The 

participants would practice the skill as a whole during 10 repetitions, and the other 10 

repetitions were used for part practice as described in appendix D. Feedback was given 

to the participants after 10 trials. The participants then followed exactly the same 

method in order to practice the backhand drive. 

The participants repeated this practice schedule again in the third and fourth session. 

The experimenter then altered the practices to gradually increase the difficulty until the 

end of the intervention study. The difficulty of the practices was increased in various 

ways. For example, the experimenter placed a square target on the wall at the same 

height as the tennis net, 3-4 meters distance from the P. The P was then required to aim 

at the square for 5 repetitions using whole practice scheme, and then focus on the more 

difficult units for 10 repetitions. The skill was then performed again as a whole practice 

scheme for 5 repetitions. The following practice was similar with an increase in the 

distance between the P and the wall to 5-6 meters to increase the difficulty of the shot, 

as described in Appendix B. 

 

4.4 Limitations 

Due to circumstances beyond control, some external variables were at play during 

implementation of the experimental facing the instructor. This may or not affect the 

results of research and the scientific integrity. 

Each group was required to come for two lessons weekly at a designated time, each 

lesson taking place over a period of sixty minutes, until the practice had been 

completed, excluding the control group. This was not always complied with, but the 

irregularities were pretty well distributed throughout. The sixth lesson for the “part 

practice method” group was deferred to the following week, due to the fact that the 

sports hall facilities were unavailable. A total of 12 participants (3 from each group) 

dropped out of the study before finishing the experiment. 
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4.5 Data Analysis 

1. For statistical analysis the following tests were employed using SPSS Version 19 

(SPSS Inc., IBM Company, USA). 

2. Levene test for homogeneity. 

3. Kolmogorov-Smimovtest to establish  normality of distribution of data 

4. Repeated Measures ANOVA to test for significant differences within and between 

groups. 

5. Post hoc t-tests to identify where differences occurred.  

6. Probability was set at p ≤ 0.05. 

7. The use of the following equation to calculate and interpret eta squared (one of the 

most commonly used effect size statistics):  

8. Eta squared
)1(2

2


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Nt
t  
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4.6 Results 

 

4.6.1 Introduction 

This section presents descriptive statistics for an analysis of the impact of the 

intervention study. Initial tests to investigate the suitability of the data for parametric 

testing were administered. All groups were randomly selected. The Kolmogorov-

Smirnov test of normality showed that pre-test data for both tennis skills for all four 

intervention groups were normally distributed. Additionally, Levene’s test for 

homogeneity of variance indicated no significant difference among the randomly 

assigned groups at pre-test. Thus, parametric tests were used to test for significant 

difference between the four groups. 

The hypotheses for this research are stated below: 

 Hₒ1 - There will be no change in the forehand tennis drive score as a result of the 

participants’ involvement in the teaching of the whole, part, combination and 

control methods of practice. 

 

 Hₒ2 - None of the three teaching methods whole, part, combination and the 

control methods will have a significantly greater effect on the learning of the 

forehand tennis drive than the others. 

 

 Hₒ3 - There will be no change in the backhand tennis drive score as a result of the 

participants’ involvement in teaching of the whole, part, combination and control 

methods of practice. 

 

 Hₒ4 - None of the three practice methods of whole, part, combination and control 

will have a significantly greater effect on the learning of the backhand tennis drive 

than the others. 

 

4.6.2 Descriptive Statistics 

Table 4.1 presents descriptive statistics for all for teaching groups across both tennis 

skills. Changes from pre to retention test are positive in all cases and are positive in 
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50% of the post to retention changes. There was no difference in pre-test/post-test 

increases in scores of the control group. These trends are also presented in Figures 4.3 – 

4.6. All analyses were performed using SPSS Version 19 (SPSS Inc., IBM Company, 

USA). It should be noted that the observed changes in all groups with the exception of 

the control group exceed the Limits of Agreement described in Study 1, therefore they 

can be considered as real changes and not due to error in measurement. 

Table 4.1 below shows the descriptive statistics (means and standard deviations) at 
pre, post and retention tests for both forehand and backhand drives. 

 Pre test Post test Retention test 

Fo
re

ha
nd

 d
ri

ve
 Group N M  SD M  SD M  SD 

Whole 11 18.64  8.97 36.00 11.26 41.18 11.78 

Part 11 16.63 6.12 43.00 8.25 41.91 7.24 

Combination 11 20.36 11.16 46.64 9.23 44.09 8.49 

Control 11 17.835.95 23.006.87  

B
ac

kh
an

d 
dr

iv
e Whole 11 15.45 11.28 39.18 13.34 37.18 11.26 

Part 11 15.64 10.77 37.91 10.90 43.09 6.51 

Combination 11 13.45 8.61 36.82 8.12 38.00 10.87 

Control 11 22.838.64 21.176.43  

 

4.6.3 Impact of Intervention on Forehand Drive Stokes 

A repeated measures ANOVA (Group x Time) was used to test for the  impact of the 

practice interventions on the forehand drives scores of the three practice groups, using 

as the significance level of level p = 0.05. There was a significant main effect for time, 

Wilks’ Lamba = .14, F (2, 29) = 88.75, p = .001. No significant group by time 

interaction was found, Wilks’ Lamba = .84, F (4, 58) = 1.23, p = .305 
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Figure 4.3 Forehand drive Mean (M) and standard deviation (SD) scores for each 
practice group across pre, post and retention tests. 

 

In order to further explore the main effect for time across the three practice 

conditions, dependent paired-samples t-test analysis and effect size estimation was used 

between pre, post and retention time points for each group separately (Table 4.2). 

 

Table 4. 2 Significant difference between pre, post and retention (Ret) test of the 
forehand drive score for three teaching groups, with the control group 

 
Groups Pre - Post Pre - Ret Post - Ret ES Pre-Ret 

Whole t (10) =4.09, p= .002 t (10) =6.12, p= .000 NS .78 
Part t (10) =9.17, p= .000 t (10) =8.58, p= .000 NS .88 

Combination t (10) =8.10, p= .000 t (10) =6.95, p= .000 NS .82 
Control t (11) =1.76, p= .105 - - - 

 
Table 4.2 presents statistical analysis results of the intervention effect for the 

forehand drive. For the whole practice intervention group there was a statistically 
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significant change from pre-test (18.64  8.97) to post-test (36.00  11.26) and for pre-

test to retention-test (41.18  11.78). The results for the part practice group 

demonstrated similar statistically significant differences from pre-test (16.63  6.12) to 

post-test (43.00  8.25) and from pre-test to retention-test (41.91 7.24). The third 

group (combination practice method) showed a significant differences from pre-test 

(20.36  11.16) to the post test (46.64  9.23) and from pre-test to retention-test (44.09 

 8.49). While the control group indicated that there was no significant difference were 

found from pre-test (17.835.95) to post-test (23.006.87) (Figure 4.4). There was no 

significant difference between post and retention test for any of the three intervention 

groups, whole, part and combination. 

Pre-test to retention-test Eta squared values of .78, .88, and .82 were calculated 

respectively for the observed changes in the whole, part, and combination practice 

method. All Eta values were categorised as large based on the criteria of Cohen (1988).  

 

 
Figure 4.4 The effects of whole, part, combined methods of practice and no 
practice (control) across pre, post and retention the forehand drive 
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4.6.4 Impact of Intervention on Backhand Drive Stroke 

A repeated measures ANOVA (Group x Time) was used to explore the potential 

impact of the intervention on the backhand drive score of the three teaching groups. 

There was a significant main effect for time, Wilks’ Lamba = .18, F (2, 29) = 65.08, p = 

.001, No significant group by time interaction was found, Wilks’ Lamba = .91, F (4, 58) 

= .66, p = .620 

 

 

Figure 4.5 Backhand drive Mean (M) and standard deviation (SD) scores for each 
practice group across pre, post and retention tests 

 

In order to further explore the main effect for time across the three experimental 

groups, dependent t-test analysis was used between pre, post and retention time points 

for each group separately (Table 4.3). 
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Table 4. 3 Significant difference between pre, post and retention (Ret) tests of the 
backhand drive score for three teaching groups, with the control group 

 
Groups Pre - Post Pre - Ret Post - Ret ES Pre-Ret 
Whole t (10) =4.46, p .001 t (10) =5.00, p= .001 NS .71 
Part t (10) =5.41, p .0001 t (10) =9.58, p= .000 NS .90 

Combination t (10) =6.55, p .0001 t (10) =6.83, p= .000 NS .82 
Control t (11) =-0.66, p .582 - - - 

 
Table 4.3 presents statistical analysis of practice group intervention effect on the 

learning of the backhand drive. There was a statistically significant change from pre-test 

(15.45  11.28) to post-test (39.18  13.34) and for pre-test to retention-test (37.18 

11.26) for the whole teaching intervention group. The results for the part method 

group demonstrated similar statistically significant differences from pre-test (15.64  

10.77) to post-test (37.91  10.90) and from pre-test to retention-test (43.09 6.51). The 

third group (combination method) showed significant differences from pre-test (13.45  

8.61) to the post test (36.82  8.12) and from pre-test to retention-test (38.00  10.87). 

While the control group indicated that there was no significant difference were found 

from pre-test (22.838.64) to post-test (21.176.43) (Figure 4.6). There was no 

significant difference between post and retention test for any of the three intervention 

groups. 

Pre-test to retention-test Eta squared values of .71, .90, and .82 were calculated 

respectively for the observed changes in the whole, part, and combination practice 

method groups. All Eta values were categorised as large based on the criteria of Cohen 

(1988). 

 

4.7 Conclusion 

This study has produced evidence to reject Hₒ1 which, stated there will be no change 

in the forehand and Hₒ3 the backhand tennis drive score as a result of the participant’s 

involvement in the teaching of the whole, part and combination practice methods. Hₒ2 

and Hₒ4 were accepted as stated as none of the three teaching methods of the whole, 

part and combination had a significantly greater effect on learning of the forehand and 

backhand tennis drive than the others. 
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Figure 4.6 The effects of whole, part, combined methods of practice and no 
practice (control) across pre, post and retention the backhand drive 
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CHAPTER FIVE 
 

 

DISCUSSION CONCLUSIONAND RECOMMENDATIONS 
 

5.1 Introduction 

The purpose of this study was to investigate whether the whole, part or combined 

practice methods are most effective for teaching forehand and backhand drive strokes to 

novices. To date there is a lack of clarity in the tennis teaching literature as to which 

method should be used. 

Participants were 18-35 year old novice females who volunteered for the study. They 

were randomly assigned to one of four groups as follows: (1) a whole practice group 

which practiced each the forehand and backhand drive strokes as a whole; (2) a part 

practice group which practiced the skills in parts; (3) a combined group which used a 

combination of whole and part practice methods; and (4) a control group which did not 

undergo any practice. Each of the experimental groups underwent pre, post and 

retention tests while the control group underwent a pre and a post test. 

The results showed that the three experimental groups all made significant 

improvements in both forehand and backhand drive strokes from pre to post to retention 

test as a result of practice, regardless of whether the whole, part or combined whole and 

part practice methods were used. The control group made no improvement as measured 

from pre to post test. 

Inspection of the results at the retention test stage showed that the mean scores for 

forehand drive indicated that the combined practice group was superior to the part and 

whole practice groups, whose scores were very similar. However, the statistical test 

showed that there was no statistical difference between the three groups. The retention 

test mean scores for backhand drive indicated that the part practice group was better 

than the combined and whole groups, which were very similar. Again, as with the 

forehand drive, there was no statistical difference between the three groups. These 

results indicate that it does not seem to matter whether forehand or backhand drive 

strokes are taught by whole, part or combined whole and part practice methods. Each 

type of practice was equally effective. The effect sizes for the forehand drive for the 
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three practices group (whole, part, and combined whole and part practice) had effect 

sizes of  78, .88, and .82 respectively. The backhand drive for the three practices group 

(whole, part, and combined whole and part practice) had effect sizes of .71, .90, and .82 

respectively (Cohen, 1988). 

Previous research on whole, part and combined whole and part methods has found 

support for each of the methods in different studies with different tasks. Findings 

indicate that the whole, part, and combination methods have been effective in enhancing 

performance and learning in various fields. The tasks included laboratory tasks (e.g. 

Kurtz & Lee, 2003; Wenderoth et al., 2003; Templet & Hebert, 2002;Klapp et al., 1998) 

industrial tasks (e.g. Palmer & Meyer, 2000; Peck & Detweiler, 2000; Goettl & Shute, 

1996; Adams, 1960; Briggs & Walters, 1958; ) and sport related skills, such as learning 

how to juggle (Knapp & Dixon, 1952); and learning master gymnastic skills 

(Wickstorm, 1958). However, some researchers have found that whole practice method 

is equally as effective  as part and combination practice methods (e.g., Hansen, et al., 

2005; Park, Wilde &Shea, 2004; Johns, 1989; McDonnell & Laughlin, 1989; McMorris, 

1988; Rubin-Rabson, 1940). In their meta-analysis study Fontana et al (2009) found no 

difference between whole and part and note that they were equally effective. 

One of the reasons that no clear difference can be found between the different 

practice groups could be attributed to the advantages that each of the methods has. For 

example, the individual criteria of a task become less complicated using part practice 

method. The participant can, therefore, concentrate on performing the individual parts 

leading to overall improvement of all the criteria. Whereas, the advantage of whole 

practice method is that the participant is exposed to the spatial and temporal 

coordination of the criteria of the movement in the context of its performance (Hansen, 

et al., 2005). Finally, the advantage of a combined whole and part practice method is 

that it integrates the best of both practice methods into one. Jarus and Goverover (1999) 

stated that other potential explanations for not observing a significant difference 

between the experimental groups could be due to the length of practice or the difficulty 

of the task. They had carried out a study of throwing skills through the use of different 

types of practice (blocked, random, & combination method) and found no differences. 

Also, in examining the effects of random and blocked practice Shea, Kohl and Indermill 

(1990) found that it was not until 400 practice trials that random practice showed a clear 

superiority over blocked practice for learning. To investigate this possibility either the 
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length of practice, difficulty of the task, the number of practice sessions, as well as other 

combinations of the variables require further study. 

There are differing views among both coaches and physical educators on what the 

most appropriate method is to teach basic tennis skills to beginners. Furthermore there 

is a lack of research into how practice should be structured, when teaching tennis 

strokes to beginners, with respect to the whole, part and combination practice methods. 

A large  number of publications, based on research carried out outside the laboratory, 

provide support for the whole practice method over the part practice method for tennis 

skills (e.g., Hoskins-Burney & Carrington, 2014; Rive, & Williams, 2013; Barber-

Westin, et al., 2010; USPTA, 2009; ASEP, 2008; LTA, 2006; Fister & USPTA, 2005; 

Tessier, et al., 2005; Birkmire, et al., 2003; Al-Khayyat, 1999; Balaguer, Duda & 

Crespo, 1999; Crespo & Cooke, 1999; Crespo, 1999; El-hadjih & Abdel-Kader, 1990; 

Shaukat & Ismail & Wohaib, 1991; Al-Sarraf, 1987). However, the part practice 

method has also received widespread recommendation as a practice method, from 

various tennis experts in the field (Wells, 2011; Wendorff, 2010; Diegan, 2008; Reid, et 

al., 2007; Birkmire, et al., 2006; Matsuzaki, 2004; Hoskins, 2003; Bollettieri, 2001; 

Crespo & Miley, 1998; Brown, 1995; Brown, 1989; Petro, 1986; Gould, 1985; Percell, 

1981; Murphy & Murphy, 1975; Murphy, 1975; Di Genaro, 1969; Solley & Borders, 

1965). These recommendations are reflective of what was found in the literature review 

for this study which was in turn reinforced by the meta-analysis of Fontana et al. (2009) 

which failed to find any difference between part and whole practice. 

Another part method that could be examined is the simplification technique. The 

simplification technique is defined by Magill (2011, p.448) as “A part-task training 

method that involves reducing the difficulty of specific parts or features of a skill.” A 

number of studies have examined the effects of the simplification method. Hautala 

(1988) found that learning to juggle by practicing with beanbags was more effective 

than with juggling balls. For learning a ski slalom task, using poles initially was more 

effective than without poles (Wulf & Toole, 1999; Wulf, et al., 1998). Sequencing 

progression from easy to difficult is another simplification strategy.   Hebert, Landin & 

Solomon (2000) had beginners practice the tennis serve close to the net and as they 

improved gradually progress to the baseline. This was found to be a more effective 

practice method for learning the serve than traditional part practice method. This 

simplification method could be applied to the practice of the forehand and backhand 

drive strokes. The simplification method fits in with dynamical systems theory which 
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sees the performance of a skill being determined by a number of interacting factors or 

systems. This is illustrated in Newell’s (1986) “Constraints Model”. In this model the 

constraints are categorised into Organismic or Individual (e.g. height, weight, 

physiological systems, muscle types, existing skill level, cognitions, motivation; 

Environmental (e.g. gravity, wind, temperature, terrain, , culture, social support, 

facilities) and Task (e.g. goals of tasks, rules, equipment, facilities, instruction, 

feedback). 

As can be seen from the research examples above, task constraints in particular can 

be manipulated to afford the learning of desired movement patterns for sport skills. In 

the cases of forehand and backhand drive strokes they could be taught as wholes but 

made easier or simplified for beginners by manipulating such constraints as ball size 

and pressure, racquet weight and size and the distance to hit to.  

Another approach that could be investigated for teaching of tennis to beginners is the 

use of Teaching Games for Understanding (TGfU) (e.g. Griffin & Butler, 2005; Griffin 

& Butler, 2010). In TGfU beginners learn how to play the game before learning the 

strokes. For example they learn to make space by hitting the ball to bring their opponent 

close to the net and then hit long to the space left behind their opponent. In other words 

they learn “what and when to do”, i.e. decision making, before perfecting the “how to 

do” or techniques for good execution of the skills. Learning about the game (whole 

learning) provides them with an understanding and which is said to motivates them to 

learn the correct techniques. 

Another possibility for further study would be to compare a traditional part or whole 

practice method schedule for developing tennis strokes with a TGfU approach.  

Comparisons could be made using assessments for both technical execution of strikes 

and decision making. 

 

5.2 Summary and Conclusion 

Currently there is no conclusive evidence supporting the superiority of whole, part or 

combination practice methods for teaching forehand and backhand drive strokes in 

tennis. Based on the null hypothesis, none of the three teaching methods had a 

significantly greater effect on learning forehand and backhand drive strokes than the 

others. However, it is recommended that whole and part methodology should be further 



77 
 

explored, with particular reference to the simplification method. It is further 

recommended, that a study comparing the traditional stroke technique development with 

the games for understanding (TGfU) approach, should be undertaken. In this study 

comparisons would be made for the effects of each approach on the technical execution 

of strokes and decision making. 

 

5.3 Recommendations 

The following are recommendations based on the conclusions of the research: 

 At present a recommendation cannot be made in favour of either teaching method. 

So teachers and coaches can work with either or a combination of them. 

 

 It is recommended that the study be repeated with an increased sample size of 24 in 

each group to get 80% power to detect a difference in the means based on the 

recommendation from Statistical Consulting Unit/CSTAR, University of Limerick. 

 

 Other studies which have concluded that whole method was more effective should 

not be rejected keeping in mind the above conclusion. If this finding were to be 

applied generally it would strongly suggest that strategies aimed at promoting the 

acquisition of forehand and backhand drive strokes should acknowledge the use of 

different learning and practice strategies in acquiring tennis drives.  

 

 The author recommends conducting more research to further explore which is the 

most effective method to teach tennis skills. Following from Fontana et al. (2009), 

the author believes it is critical to carry out further research in this area to address 

and aid physical education teachers in the design of effective motor skill acquisition 

sessions. 

 

 The scope of the research should be extended to include the value and effectiveness 

of other teaching methods related to part and whole practice methods such as the 

simplification method which would involve manipulation of constraints. 

 

 Another area which could be explored as a methodology for teaching tennis is the 

teaching games for understanding approach (TGfU). 
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Appendix A Sample Lesson Plan Study 2 / Individual Lesson 
 

Group one:  Whole Practice Method. 
Subject:  Tennis Skills. 

 

Teaching goal:  Acquisition a Tennis Forehand-Backhand Drive Strokes. 
 

Tools and equipment: Tennis court, 15 Tennis racquets, 150 tennis ball, Tennis post and 

Tennis net.  

 

Warm-up: 5 minutes. 

 Exercises for muscles & joints and preparation of the muscles 

and psychology. 

 Warm-up and tennis specific activities skills associated with 

tennis in transition movements and the transition speed, speed, 

afford, and strength. 

 

Skill direction:  5 minutes. 

 The grip, stance, backswing, eye contact with ball, forward 

swing, ball contact, movement of the feet forward & backward 

and follow-through. 

Teaching direction:  

 Identify skill – Demonstration and explanation of the skills. 

 Demonstration of the exercise / drill to be used to practice the 

skill. 

 Performance of the exercise / drill. 

 Discussion of learning method and repetitive attempts to clarify 

the main points of technical and tactical performance. 

 

Learning activities: 30 minutes 

 The development of the technical performance of the forehand 

drive and then backhand drive through practice the whole skill by 

replicate what the participants have seen from the experimenter 

based on the recommendation of the ITF. 

 Add other exercises and variety. 

 Giving corrective feedback on technical performance. 
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 Continue on this way for 10 sessions. 

 

Warm-down:  5 minutes 

 Variety of low effort exercises. 

 Recap of key points of skill. 

 Feedback group. 

 Verbal testing of students through specific questions. 

 

Clarifications:  

 This group is characterized by the organizational style of 

continuing in the same way for all 9practice unit sessions as the 

first session is similar to all groups. 
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Group two:  Part Practice Method 
Subject:  Tennis Skills. 

 

Teaching goal:  Acquisition a Tennis Forehand-Backhand Drive Skill. 

 

Tools and equipment: Tennis court, 15 Tennis racquets, 150 tennis ball, Tennis post and 

Tennis net.  

 

Warm-up: 5 minutes 

 Exercises for muscles & joints and preparation of the muscles 

and psychology. 

 Warm-up and tennis specific activities skills associated with 

tennis in transition movements and the transition speed, speed, 

afford, and strength. 

 

Skill direction:  5 minutes 

 The grip, stance, backswing, eye contact with ball, forward 

swing, ball contact, movement of the feet forward & backward 

and follow-through. 

 

Teaching direction:  

 Identify skill – Demonstration and explanation of the skills. 

 Demonstration of the exercise / drill to be used to practice the 

skill. 

 Performance of the exercise / drill. 

 Discussion of learning method and repetitive attempts to clarify 

the main points of technical and tactical performance. 

 

Learning activities: 30 minutes 

 Fragmented the skills into units in order for each unit to be 

practiced one after another to the forehand drive and then 

backhand drive. 
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 Exercise of hitting the ball to the participants, and exercise to 

move sideways, forward and backward to return the ball one after 

another. 

 Cross-pitch response hitting exercise over short and long 

distances. 

 Giving corrective feedback on technical performance. 

 Combination and standardization of skill movements at the last 

session. 

 Add other exercises and variety. 

 

Warm-down:  5 minutes 

 Variety of low effort exercises. 

 Recap of key points of skill. 

 Feedback group. 

 Verbal testing of students through specific questions. 

 

Clarifications:   

 On completion of 8 hours of preliminary skill sessions, practiced 

the entire forehand and backhand drive strokes as an integrated 

whole in the last session. 
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Group three: Combination PracticeMethod 
Subject:  Tennis Skills. 

 

Teaching goal:  Acquisition a Tennis Forehand-Backhand Drive Skill. 

 

Tools and equipment: Tennis court, 15 Tennis racquets, 150 tennis ball, Tennis post and 

Tennis net.  

 

Warm-up: 5 minutes 

 Exercises for muscles & joints and preparation of the muscles 

and psychology. 

 Warm-up and tennis specific activities skills associated with 

tennis in transition movements and the transition speed, speed, 

afford, and strength. 

 

Skill direction:  5 minutes 

 The grip, stance, backswing, eye contact with ball, forward 

swing, ball contact, movement of the feet forward & backward 

and follow-through. 

Teaching direction:  

 Identify skill – Demonstration and explanation of the skills. 

 Demonstration of the exercise / drill to be used to practice the 

skill. 

 Performance of the exercise / drill. 

 Discussion of learning method and repetitive attempts to clarify 

the main points of technical and tactical performance. 

 

Learning activities: 30 minutes 

 The development of the technical performance of the forehand 

drive and then backhand drive through practice the whole skill by 

replicate what the participants have seen from the experimenter 

based on the recommendation of the ITF. 

 Fragmented the skill into units in order to allow extra focus on 

the more difficult units to allow them to be perfected. 
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 The skill was then performed again as a whole skill. 

 Giving corrective feedback on technical performance. 

 

Warm-down:  5 minutes 

 Variety of low effort exercises. 

 Recap of key points of skill. 

 Feedback group. 

 Verbal testing of students through specific questions. 

 

Clarifications:  

 This method is essentially a combination of the other two 

methods, taking advantage of the benefits of both of them. 
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Key 

T = Target area 

I = Instructor 
F/SF = Feeder 

O = Ball 

X/H = Student Hitter 

---- = Path of the ball 

= Wall 
 
Forehand & Backhand drive Stroke 

practice 
The participants were divided into pairs and both 

took turns acting as the F (feeder) and P 

(participant). The participants stood at a distance of 

3-4 meters apart, F was directed to throw the balls 

underhand to P, so that it bounced slightly to the 

side and to the front of P so that P could hit it back 

toward to the F. F would then repeat this throw 20 

times before switching roles with P 

Repeat same practice, the main difference was that 

the distance between the F and P was increased to 

5-6 meters. In additionally, when the participant hit 

the ball across an imaginary net or small obstacle 

aiming for other target 

Repeat same practice above, however here small 

obstacle considers as tennis net 30cm height (e.g., 

a rope across the centre of the court) between F 

and P. The participants then followed exactly the 

same method in order to practice the backhand 

drive. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix B Drills and Teaching Progressions 
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The participants playing alone hits the ball 

upwards aiming for a target using the correct grip 

 

 

 

 

 

The participants were divided into pairs and both 

hit alternately aiming for the same target 

 

 

 

The student playing alone hits the ball 20 shots 

(count for himself) upwards aiming for a target 

drawn on the wall top of the net level using 

thecorrect grip 
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The student and partner hit the ball across the 

aiming for a target. The students can hit the ball 

twice – one to get control and once to hit back to 

the partner 20 shots each 

 

 

 

The instructor dividing the group into two lines. 

The instructor and any assistant then feed the 

students a set number of shots across the net 

aiming for target. When the student at the head of 

the line finishes hitting she should be kept active 

(e.g. go to the opposite side of the court to retrieve 

balls) 

 

 

 

The student and partner hit across the net aiming 

for each other’s targets (20 shots each 

 

The students gradually move back towards the 

baseline adding a follow-through – still aiming for 

each other’s target. The backswing will become 

longer as the students move further back 20 shots 

each 
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The students repeat previous practice for 20 balls 

for shots across the net aiming for a target. When 

the student at the head of the line finishes hitting 

she should be kept active (e.g. go to the opposite 

side of the court to retrieve balls 
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Observation and Feedback on the Practice 
The instructor should place himself in a location that enables him to have a view of 

the entire group. This will help the instructor to determine if everyone has understood 

the practice. 

If it appears that a number of students are having difficulty, the instructor should not 

hesitate to stop the practice and make the necessary correction or demonstrate the 

practice once more. 

After evaluating the success rate of the practice, the instructor should readjust the 

level of difficulty if he finds it necessary. 

The instructor should, if possible, arrange the rotation of the students in order that he 

can see everyone individually. 

During each practice, students should receive feedback, whether they performed well 

or not. The instructor provided the same amount of feedback to all groups and after a 

series of performance attempts, not after each attempt following the guidelines of (Rink, 

2004; Guay, Salmoni, & Lajoie, 1999; Wulf, Shea & Matschiner, 1998; Young & 

Schmidt, 1992; Boyce, 1991; Schmidt, Lange, & Young, 1990; Sidaway, Moore, & 

Schoenfelder-Zohdi, 1991; Wright, Snowden, & Willoughby, 1990; Winstein & 

Schmidt, 1990; Schmidt, Young, Swinnen & Shapiro, 1989). 
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Observation and Feedback on the Practice 

The instructor should place himself in a location that enables him to have a view of 

the entire group. This will help the instructor to determine if everyone has understood 

the practice. 

If it appears that a number of students are having difficulty, the instructor should not 

hesitate to stop the practice and make the necessary correction or demonstrate the 

practice once more. 

After evaluating the success rate of the practice, the instructor should readjust the 

level of difficulty if he finds it necessary. 

The instructor should, if possible, arrange the rotation of the students in order that he 

can see everyone individually. 

During each practice, students should receive feedback, whether they performed well 

or not. The instructor provided the same amount of feedback to all groups and after a 

series of performance attempts, not after each attempt following the guidelines of (Rink, 

2004; Guay, Salmoni, & Lajoie, 1999; Wulf, Shea,&Matschiner, 1998; Young & 

Schmidt, 1992; Boyce, 1991; Schmidt, Lange, & Young, 1990; Sidaway, Moore, & 

Schoenfelder-Zohdi, 1991; Wright, Snowden, & Willoughby, 1990; Winstein & 

Schmidt, 1990; Schmidt, Young, Swinnen, & Shapiro, 1989). 

 

 

 

 

 

 

 

 

 



113 
 

Appendix C   Dynamic Warm-Up for tennis game 

 
In tennis, dynamic warm up is a critical part of preparing the body to play tennis - 

whether it is for practice or competition. The goal is to loosen up the muscles in 

preparation for physical exercise. Warm up exercises for tennis begin slowly, allowing a 

player to gradually tune in with his or her game until the player is completely warmed 

up. In addition, learning dynamic warm-up exercises help to enhance your tennis skills, 

as recommended by the United States Tennis Association, Player Development Division 

© 2005 

 
Jogging with Arm Circles–Dynamic Warm Up  WU-1 

Purpose •Warm-up the body 

•Improve flexibility in the shoulders, chest and upper back 

Exercise Technique 

 
 
 
 
 
 
 
 
 
 
 
 
 

1                        2                       3 
 
 
 
 
 
 
 
 

Step Actio
n 

Preparation Start at the doubles sideline facing into (across) 
the court. 

 
Performing the 

Exercise 

Swing the arms forward in large circles as you jog 
at a moderate pace from doubles sideline to 
doubles sideline. 
Change direction and swing your arms backwards 
as you jog back to your starting position. 

Duration Perform this exercise so that you travel back and 
forth across the court two times. 
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Side Steps with Arm Crosses–Dynamic Warm Up  WU-2 

Purpose •Warm-up the body 

•Improve flexibility in the shoulders, chest and upper back 

Exercise Technique 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1                        2                       3 
 

Step Actio
n 

Preparation 

Start at the doubles sideline facing the net. 
Lift the arms to shoulder height and extend them out 
to the side. 
Get into an athletic stance – knees and hips flexed 
with the torso upright and facing forward. 

Performing the 
Exercise 

While shuffling across the court, swing the arms 
across the body like you are hugging yourself. 
Swing the arms back to the starting position, until 
you feel a slight stretch in the shoulders. 

Duration 
Perform this exercise as you shuffle from doubles 
sideline to doubles sideline two times – once moving 
to your right and once moving to your left. 
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Carioca Drill – Dynamic Warm Up    WU-3 

Purpose •The carioca drill is a cross-stepping movement that propels the body 

laterally and will help: 

•Improve lateral movement, agility and footwork 

Carioca Footwork Technique 

 
 
 
 
 
 
 
 
 

(1)                                 (2)                                  (3) 

     
 (4)                                    (5) 

Stage Action 

1 In the athletic position, push off with the left foot and bring 
it towards the right foot. 

2 While maintaining balance, cross the left foot behind 
the right foot and plant it on the ground. 

3 Move the right foot laterally so you return to the 
athletic position. 

4 While maintaining balance, cross the left foot in front of 
the right foot and plant it on the ground. 

5 Move the right foot laterally so you return to the 
athletic position. 

6 Reverse the steps to perform this drill while moving to 
the left. 

 
Duration Have players perform this exercise from double sideline to doubles 

sideline two times to the right and two times to the left. 
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Knee Hug Lunge – Dynamic Warm Up   WU-4 

Purpose •Warm-up the body 

•Improve strength in the hip and knee 

•Improve dynamic balance 

•Improve flexibility in the hamstrings, lower back and hip flexors 

Exercise Technique 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      1                         2                        3 
 

Step Actio
n Preparation Start at the doubles sideline facing into (across) 

the court. 
 
 
 

Performing the 
Exercise 

Lift the knee and pull the knee with the arms 
towards the chest. 
At the same time, contract the calf of the leg on the 
ground, going up on your toes and lifting the body 
up. Release the leg and take a large step forwards 
directly into a lunge/hip flexor stretch position. 
Maintain good upper body posture and hold 
this position for 2-3 seconds. 
Stand up, driving upward using the muscles in the 
forward leg, and repeat the movement with the 
other leg. 

Duration Continue this pattern, alternating right and left 
legs, across the court to the other doubles sideline. 
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Inverted Hamstring – Dynamic Warm Up   WU-5 

Purpose •Warm-up the body 

•Improve strength in the legs and core 

•Improve flexibility in the hamstrings 

•Improve dynamic balance 

Exercise Technique 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1                  2                                  3 
 

Step Actio
n Preparation Start at the doubles sideline facing out from the court. 

 
 

Performing the 
Exercise 

Stand on one leg and bend at the waist.  Keep the 
leg on the ground slightly bent. 
Bend forward at the waist until a slight stretch is felt 
in the hamstrings of the leg that is on the ground. 
Keep the back flat and avoid twisting. The leg off 
the ground should follow the line of the body. 
Hold this position for 2-3 seconds. 
Return to the starting position, but step back 
slightly when you put the foot down. 

Duration Repeat with the other leg and gradually walk across 
the court to the other doubles sideline. 
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Backwards Lunge with a Twist – Dynamic Warm Up WU-6 

Purpose •Warm-up the body 

•Improve strength in the legs and core 

•Improve flexibility in the hip flexor muscles 

•Improve dynamic balance 

Exercise Technique 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1                  2                              3 
 

Step Actio
n Preparation Start at the doubles sideline facing out from the court. 

 
 

Performing the 
Exercise 

Take a large step backwards with the right leg into 
a lunge position. 
Gently twist the torso to the left and reach for the 
right heel with the left hand. 
Return the torso to a position of good posture in 
the lunge position. 
Stand up by driving using primarily the muscles in 
the front leg and repeat, stepping backwards with the 
left leg and progress across the court. 

Duration Perform this exercise 1x across the court. 
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Leg Cradle – Dynamic Warm Up     WU-7 

Purpose •Warm-up the body 

•Improve flexibility in the muscles of the groin and hips 

•Improve dynamic balance 

Exercise Technique 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1                      2                          3 
 

Step                                   Action 
Preparation Start at the doubles sideline facing into 

(across) the court. 
 
 

Performing the 
Exercise 

While on one leg, lift the other leg and with the 
assistance of both hands, turn the knee outwards 
while lifting at the ankle. 
Cradle the leg at the knee and at the ankle.  Do not 
grab the foot if you can help it. 
At the same time, contract the calf of the leg 
on the ground, lifting the body up 
Release the leg, step forward and repeat on the 
other leg making your away to the other doubles 
sideline. Duration Perform this exercise 1x across the court. 
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Straight Leg March – Dynamic Warm Up   WU-8 

Purpose •Warm-up the body 

•Improve flexibility in the hamstrings, gluteal and lower back muscles 
•Improve dynamic balance 

Exercise Technique 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1                      2                           3 
 

Step Actio
n Preparation Start at the doubles sideline facing into (across) 

the court. 
 
 

Performing the 
Exercise 

Swing one leg forward until a slight stretch is felt in 
the hamstrings.  Try to touch the foot with the 
opposite hand. 
As soon as the stretch is felt, pull the leg back down 
to the ground, contracting the gluteals (butt 
muscles). The foot should contact the ground forcefully on 
the front part of the foot. 
Maintain good posture throughout the exercise. 
Repeat with the other leg, making your way across 
the court. 

Duration Perform this exercise 1xacross the width of the court. 
 
Variations •Perform the same exercise as a skip instead of a march – when 

skipping, each foot should contact the ground two times before the 
other foot 
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Lateral Lunge – Dynamic Warm Up     WU-9 
Purpose •Warm-up the body 

•Improve flexibility in the groin muscles 

•Improve strength in the legs and core 

•Improve dynamic balance 

Exercise Technique 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1                       2                               3 
 

Step Actio
n Preparation Start at the doubles side line facing the net and get 

into an athletic stance – hips down and good posture. 
 
 

Performing the 
Exercise 

Take a large step sideways into the court. 
Bend the knee of the leg in the court, keep the other 
leg straight. 
Lower the body until a slight stretch is felt in the 
groin. Hold this position for 2-3 seconds. 
Return to an athletic stance by bringing the 
trailing, “straight leg”, back under the body. 
Repeat this movement across the court to the 
other doubles sideline. 

Duration Perform this exercise 1 x across the court in 
each direction. 
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Trunk Rotations – Dynamic Warm Up    WU-10 

Purpose •Warm-up the body 

•Improve strength in the legs and core 

•Improve flexibility in the core and shoulders 

Exercise Technique 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1                              2                      3 
 

Step Actio
n Preparation Standing in one spot, spread the feet and establish 

a good base of support. 
 

Performing the 
Exercise 

Bring the arms up to shoulder height and gently 
rotate the torso to one side and then the other. 
Gradually lower the body by bending the knees and 
pivoting on the balls of the feet as you rotate from 
side to side. 

Duration Perform about 15-20 twists in each direction, or 
for about 30 seconds. 
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Backwards Step Overs – Dynamic Warm Up   WU-11 

Purpose •Warm-up the body 
•Improve flexibility and active range of motion in the hips 
•Improve dynamic balance 
•Improve strength in the muscles around the hip 

Exercise Technique 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1                       2                          3 
 

Step Actio
n Preparation Start at the doubles sideline facing out from the court. 

 
Performing the 

Exercise 

Lift a knee up.  Rotate it at the hip outwards. 
Step backwards as if you are trying to clear a 
hurdle, and place the foot down so it is facing 
forwards. Repeat with the other leg and work your way across 
the court. 

Duration Perform this exercise from doubles sideline to 
doubles sideline. 
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Arm Hugs – Dynamic Warm Up     WU-12 

Purpose •Warm-up the body 

•Improve flexibility and active range of motion in the hips 

•Improve dynamic balance 

•Improve strength in the muscles around the hip 

Exercise Technique 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1                               2                  3 
 

Step Actio
n Preparation Standing in one spot, spread the feet and establish 

a good base of support. 
 

Performing the 
Exercise 

Bring the arms up to shoulder height and hug yourself. 
Hold this position briefly. 
Then, open up the arms as wide as possible trying to 
“hug the world”. 
Repeat this movement pattern, gradually increasing 
the speed of the exercise. 

Duration Perform about 10-15 hugs, both ways, or do the 
exercise for about 30 seconds. 
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Appendix D Statistical Output 

 
CHPTER THREE 
Study One 
General Linear Model 
Forehand drive 

 

Within-Subjects Factors 

Measure:MEASURE_1 

Time Dependent 

Variable 

1 F_Pre 

2 F_Post 

3 F_R_Test 

 

Between-Subjects Factors 

 Value Label N 

Group 1 Whole Method 11 

2 Part Method 11 

3 Mixed Method 11 

 

Descriptive Statistics 

 Group Mean Std. Deviation N 

F_Pre Whole Method 18.64 8.970 11 

Part Method 16.36 6.120 11 

Mixed Method 20.36 11.165 11 

Total 18.45 8.864 33 

F_Post Whole Method 36.00 11.261 11 

Part Method 43.00 8.258 11 

Mixed Method 46.64 9.233 11 

Total 41.88 10.377 33 

F_R_Test Whole Method 41.18 11.780 11 

Part Method 41.91 7.245 11 

Mixed Method 44.09 8.491 11 

Total 42.39 9.158 33 

 

Multivariate Testsc
 

Effect Value F Hypothesis df Error df Sig. 

Time Pillai's Trace .860 88.755
a
 2.000 29.000 .000 

Wilks' Lambda .140 88.755
a
 2.000 29.000 .000 

Hotelling's Trace 6.121 88.755
a
 2.000 29.000 .000 

Roy's Largest Root 6.121 88.755
a
 2.000 29.000 .000 
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time * Group Pillai's Trace .152 1.233 4.000 60.000 .306 

Wilks' Lambda .849 1.238
a
 4.000 58.000 .305 

Hotelling's Trace .177 1.239 4.000 56.000 .305 

Roy's Largest Root .171 2.572
b
 2.000 30.000 .093 

a. Exact statistic 

b. The statistic is an upper bound on F that yields a lower bound on the significance level. 

c. Design: Intercept + Group  

 Within Subjects Design: time 

 

Mauchly's Test of Sphericityb
 

Measure:MEASURE_1 

Within Subjects 

Effect Mauchly's 

W 

Approx. 

Chi-Square df Sig. 

Epsilon
a
 

Greenhouse-

Geisser 

Huynh-

Feldt 

Lower-

bound 

time .992 .246 2 .884 .992 1.000 .500 

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed 

dependent variables is proportional to an identity matrix. 

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests 

are displayed in the Tests of Within-Subjects Effects table. 

b. Design: Intercept + Group  

 Within Subjects Design: time 

 

Tests of Within-Subjects Effects 

Measure:MEASURE_1 

Source Type III Sum 

of Squares df Mean Square F Sig. 

time Sphericity Assumed 12342.606 2 6171.303 98.617 .000 

Greenhouse-Geisser 12342.606 1.983 6223.505 98.617 .000 

Huynh-Feldt 12342.606 2.000 6171.303 98.617 .000 

Lower-bound 12342.606 1.000 12342.606 98.617 .000 

time * Group Sphericity Assumed 342.667 4 85.667 1.369 .255 

Greenhouse-Geisser 342.667 3.966 86.391 1.369 .256 

Huynh-Feldt 342.667 4.000 85.667 1.369 .255 

Lower-bound 342.667 2.000 171.333 1.369 .270 

Error(time) Sphericity Assumed 3754.727 60 62.579   

Greenhouse-Geisser 3754.727 59.497 63.108   

Huynh-Feldt 3754.727 60.000 62.579   

Lower-bound 3754.727 30.000 125.158   

 

Tests of Within-Subjects Contrasts 

Measure:MEASURE_1 



127 
 

Source time Type III Sum of 

Squares df Mean Square F Sig. 

time Linear 9456.061 1 9456.061 151.392 .000 

Quadratic 2886.545 1 2886.545 46.040 .000 

time * Group Linear 25.121 2 12.561 .201 .819 

Quadratic 317.545 2 158.773 2.532 .096 

Error(time) Linear 1873.818 30 62.461   

Quadratic 1880.909 30 62.697   

 

Tests of Between-Subjects Effects 

Measure:MEASURE_1 

Transformed Variable:Average 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 116081.818 1 116081.818 847.950 .000 

Group 439.273 2 219.636 1.604 .218 

Error 4106.909 30 136.897   
 
 
General Linear Model 
Forehand Drive Control Group 

Within-Subjects Factors 

Measure:MEASURE_1 

test 

Dependent 

Variable 

1 F_Pre 

2 F_Post 

 

Between-Subjects Factors 

 Value Label N 

Group 4 Control group 12 

 

Descriptive Statistics 

 Group Mean Std. Deviation N 

F_Pre Control group 17.83 5.952 12 

Total 17.83 5.952 12 

F_Post Control group 23.00 6.876 12 

Total 23.00 6.876 12 

 
Multivariate Testsb

 

Effect Value F 
Hypothesis 

df 
Error df Sig. 
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test 

Pillai's Trace .221 3.125
a
 1.000 11.000 .105 

Wilks' Lambda .779 3.125
a
 1.000 11.000 .105 

Hotelling's 

Trace 
.284 3.125

a
 1.000 11.000 .105 

Roy's Largest 

Root 
.284 3.125

a
 1.000 11.000 .105 

test * 

Group 

Pillai's Trace .000 .
a
 .000 .000 . 

Wilks' Lambda 1.000 .
a
 .000 11.000 . 

Hotelling's 

Trace 
.000 .

a
 .000 2.000 . 

Roy's Largest 

Root 
.000 .000

a
 1.000 10.000 1.000 

a. Exact statistic 

b. Design: Intercept + Group 

Within Subjects Design: test 

 

Mauchly's Test of Sphericityb
 

Measure:MEASURE_1 

Within Subjects 

Effect 

Mauchly's 

W 

Approx. 

Chi-

Square 

df Sig. 

Epsilon
a
 

Greenhouse-

Geisser 

Huynh-

Feldt 

Lower-

bound 

test 1.000 .000 0 . 1.000 1.000 1.000 

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent 

variables is proportional to an identity matrix. 

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests 

are displayed in the Tests of Within-Subjects Effects table. 

b. Design: Intercept + Group 

Within Subjects Design: test 

 
Mauchly's Test of Sphericityb

 

Measure:MEASURE_1 

Within Subjects 

Effect 

Mauchly's 

W 

Approx. 

Chi-Square 
df Sig. 

Epsilon
a
 

Greenhouse-

Geisser 

Huynh-

Feldt 

Lower-

bound 

test 1.000 .000 0 . 1.000 1.000 1.000 

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent 

variables is proportional to an identity matrix. 

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests 

are displayed in the Tests of Within-Subjects Effects table. 

b. Design: Intercept + Group 

Within Subjects Design: test 

 
Tests of Within-Subjects Contrasts 
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Measure:MEASURE_1 

Source test 

Type III Sum of 

Squares df Mean Square F Sig. 

test Linear 160.167 1 160.167 3.125 .105 

test * Group Linear .000 0 . . . 

Error(test) Linear 563.833 11 51.258   

 
Tests of Between-Subjects Effects 

Measure:MEASURE_1 

Transformed Variable:Average 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 10004.167 1 10004.167 318.205 .000 

Group .000 0 . . . 

Error 345.833 11 31.439   
 
Estimated Marginal Means 

1. Group 

Measure:MEASURE_1 

Group Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Control group 20.417 1.145 17.898 22.936 

 
2. test 

Measure:MEASURE_1 

test Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

1 17.833 1.718 14.052 21.615 

2 23.000 1.985 18.632 27.368 

 
3. Group * test 

Measure:MEASURE_1 

Group test Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Control group 1 17.833 1.718 14.052 21.615 

2 23.000 1.985 18.632 27.368 

 
Post Hoc Tests 
Group 

Multiple Comparisons 

MEASURE_1 

Tukey HSD 

(I) Group (J) Group Mean Std. Error Sig. 95% Confidence Interval 
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Difference (I-

J) Lower Bound Upper Bound 

Whole Method Part Method -1.82 2.880 .804 -8.92 5.28 

Mixed Method -5.09 2.880 .198 -12.19 2.01 

Part Method Whole Method 1.82 2.880 .804 -5.28 8.92 

Mixed Method -3.27 2.880 .500 -10.37 3.83 

Mixed Method Whole Method 5.09 2.880 .198 -2.01 12.19 

Part Method 3.27 2.880 .500 -3.83 10.37 

Based on observed means. 

 The error term is Mean Square (Error) = 45.632. 

 
Homogeneous Subsets 
 

MEASURE_1 

Tukey HSD
a,b,c

 

Group 

N 

Subset 

1 

Whole Method 11 31.94 

Part Method 11 33.76 

Mixed Method 11 37.03 

Sig.  .198 

Means for groups in homogeneous subsets are 

displayed. 

 Based on observed means. 

 The error term is Mean Square(Error) = 

45.632. 

a. Uses Harmonic Mean Sample Size = 11.000. 

b. The group sizes are unequal. The harmonic 

mean of the group sizes is used. Type I error 

levels are not guaranteed. 

c. Alpha = .05. 

 
General Linear Model 
Backhand Drive 

 
Within-Subjects Factors 

Measure:MEASURE_1 

Time Dependent 

Variable 

1 B_Pre 

2 B_Post 

3 B_R_Test 
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Between-Subjects Factors 

 Value Label N 

Group 1 Whole Method 11 

2 Part Method 11 

3 Mixed Method 11 

 
Descriptive Statistics 

 Group Mean Std. Deviation N 

B_Pre Whole Method 15.45 11.282 11 

Part Method 15.64 10.773 11 

Mixed Method 13.45 8.618 11 

Total 14.85 10.013 33 

B_Post Whole Method 39.18 13.340 11 

Part Method 37.91 10.904 11 

Mixed Method 36.82 8.122 11 

Total 37.97 10.693 33 

B_R_Test Whole Method 37.18 11.268 11 

Part Method 43.09 6.519 11 

Mixed Method 38.00 10.872 11 

Total 39.42 9.846 33 

 
Multivariate Testsc

 

Effect Value F Hypothesis df Error df Sig. 

time Pillai's Trace .818 65.086
a
 2.000 29.000 .000 

Wilks' Lambda .182 65.086
a
 2.000 29.000 .000 

Hotelling's Trace 4.489 65.086
a
 2.000 29.000 .000 

Roy's Largest Root 4.489 65.086
a
 2.000 29.000 .000 

time * Group Pillai's Trace .086 .671 4.000 60.000 .615 

Wilks' Lambda .914 .663
a
 4.000 58.000 .620 

Hotelling's Trace .094 .655 4.000 56.000 .626 

Roy's Largest Root .093 1.402
b
 2.000 30.000 .262 

a. Exact statistic 

b. The statistic is an upper bound on F that yields a lower bound on the significance level. 

c. Design: Intercept + Group  

 Within Subjects Design: time 

Mauchly's Test of Sphericityb
 

Measure:MEASURE_1 

Within Subjects 

Effect Mauchly's 

W 

Approx. 

Chi-Square df Sig. 

Epsilon
a
 

Greenhouse-

Geisser 

Huynh-

Feldt 

Lower-

bound 

time .905 2.893 2 .235 .913 1.000 .500 



132 
 

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent 

variables is proportional to an identity matrix. 

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests 

are displayed in the Tests of Within-Subjects Effects table. 

b. Design: Intercept + Group  

 Within Subjects Design: time 

 
Tests of Within-Subjects Effects 

Measure:MEASURE_1 

Source Type III Sum 

of Squares df Mean Square F Sig. 

time Sphericity Assumed 12547.414 2 6273.707 76.624 .000 

Greenhouse-Geisser 12547.414 1.827 6869.432 76.624 .000 

Huynh-Feldt 12547.414 2.000 6273.707 76.624 .000 

Lower-bound 12547.414 1.000 12547.414 76.624 .000 

time * Group Sphericity Assumed 159.313 4 39.828 .486 .746 

Greenhouse-Geisser 159.313 3.653 43.610 .486 .729 

Huynh-Feldt 159.313 4.000 39.828 .486 .746 

Lower-bound 159.313 2.000 79.657 .486 .620 

Error(time) Sphericity Assumed 4912.606 60 81.877   

Greenhouse-Geisser 4912.606 54.797 89.651   

Huynh-Feldt 4912.606 60.000 81.877   

Lower-bound 4912.606 30.000 163.754   

 
Tests of Within-Subjects Contrasts 

Measure:MEASURE_1 

Source time Type III Sum of 

Squares df Mean Square F Sig. 

time Linear 9965.470 1 9965.470 130.278 .000 

Quadratic 2581.944 1 2581.944 29.589 .000 

time * Group Linear 90.212 2 45.106 .590 .561 

Quadratic 69.101 2 34.551 .396 .677 

Error(time) Linear 2294.818 30 76.494   

Quadratic 2617.788 30 87.260   

 
Tests of Between-Subjects Effects 

Measure:MEASURE_1 

Transformed Variable:Average 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 93595.313 1 93595.313 588.882 .000 

Group 129.232 2 64.616 .407 .670 
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Tests of Between-Subjects Effects 

Measure:MEASURE_1 

Transformed Variable:Average 

Source Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 93595.313 1 93595.313 588.882 .000 

Group 129.232 2 64.616 .407 .670 

Error 4768.121 30 158.937   

 
 
General Linear Model 
Backhand Drive Control Group 

Within-Subjects Factors 

Measure:MEASURE_1 

test 

Dependent 

Variable 

1 B_Pre 

2 B_Post 

 
Between-Subjects Factors 

 Value Label N 

Group 4 Control group 12 

 
Descriptive Statistics 

 Group Mean Std. Deviation N 

B_Pre Control group 22.83 8.643 12 

Total 22.83 8.643 12 

B_Post Control group 21.17 6.436 12 

Total 21.17 6.436 12 

 
Multivariate Testsb

 

Effect Value F Hypothesis df Error df Sig. 

test 

Pillai's Trace .028 .321
a
 1.000 11.000 .582 

Wilks' Lambda .972 .321
a
 1.000 11.000 .582 

Hotelling's Trace .029 .321
a
 1.000 11.000 .582 

Roy's Largest Root .029 .321
a
 1.000 11.000 .582 

test * Group 

Pillai's Trace .000 .
a
 .000 .000 . 

Wilks' Lambda 1.000 .
a
 .000 11.000 . 

Hotelling's Trace .000 .
a
 .000 2.000 . 

Roy's Largest Root .000 .000
a
 1.000 10.000 1.000 
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Multivariate Testsb
 

Effect Value F Hypothesis df Error df Sig. 

test 

Pillai's Trace .028 .321
a
 1.000 11.000 .582 

Wilks' Lambda .972 .321
a
 1.000 11.000 .582 

Hotelling's Trace .029 .321
a
 1.000 11.000 .582 

Roy's Largest Root .029 .321
a
 1.000 11.000 .582 

test * Group 

Pillai's Trace .000 .
a
 .000 .000 . 

Wilks' Lambda 1.000 .
a
 .000 11.000 . 

Hotelling's Trace .000 .
a
 .000 2.000 . 

Roy's Largest Root .000 .000
a
 1.000 10.000 1.000 

a. Exact statistic 

b. Design: Intercept + Group 

Within Subjects Design: test 

 
Mauchly's Test of Sphericityb

 

Measure:MEASURE_1 

Within Subjects 

Effect 

Mauchly's 

W 

Approx. 

Chi-Square 
df Sig. 

Epsilon
a
 

Greenhouse-

Geisser 

Huynh-

Feldt 

Lower-

bound 

test 1.000 .000 0 . 1.000 1.000 1.000 

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent 

variables is proportional to an identity matrix. 

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests 

are displayed in the Tests of Within-Subjects Effects table. 

b. Design: Intercept + Group 

Within Subjects Design: test 

 

Tests of Within-Subjects Effects 

Measure:MEASURE_1 

Source 

Type III 

Sum of 

Squares 

df 
Mean 

Square 
F Sig. 

test 

Sphericity 

Assumed 
16.667 1 16.667 .321 .582 

Greenhouse-

Geisser 
16.667 1.000 16.667 .321 .582 

Huynh-Feldt 16.667 1.000 16.667 .321 .582 

Lower-bound 16.667 1.000 16.667 .321 .582 

test * 

Group 

Sphericity 

Assumed 
.000 0 . . . 

Greenhouse-

Geisser 
.000 .000 . . . 

Huynh-Feldt .000 .000 . . . 
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Lower-bound .000 .000 . . . 

Error(test) 

Sphericity 

Assumed 
571.333 11 51.939   

Greenhouse-

Geisser 
571.333 11.000 51.939   

Huynh-Feldt 571.333 11.000 51.939   

Lower-bound 571.333 11.000 51.939   
 

Tests of Within-Subjects Contrasts 

Measure:MEASURE_1 

Source test 

Type III Sum of 

Squares df Mean Square F Sig. 

test Linear 16.667 1 16.667 .321 .582 

test * Group Linear .000 0 . . . 

Error(test) Linear 571.333 11 51.939   

 
Tests of Between-Subjects Effects 

Measure:MEASURE_1 

Transformed Variable:Average 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Intercept 11616.000 1 11616.000 180.986 .000 

Group .000 0 . . . 

Error 706.000 11 64.182   
 
 
Estimated Marginal Means 

1. Group 

Measure:MEASURE_1 

Group Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Control group 22.000 1.635 18.401 25.599 

 
2. test 

Measure:MEASURE_1 

test Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

1 22.833 2.495 17.342 28.325 

2 21.167 1.858 17.077 25.256 

 
3. Group * test 

Measure:MEASURE_1 
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Group test Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Control group 1 22.833 2.495 17.342 28.325 

2 21.167 1.858 17.077 25.256 

 
 
Post Hoc Tests 
Group 

Multiple Comparisons 

MEASURE_1 

Tukey HSD 

(I) Group (J) Group Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Whole Method Part Method -1.61 3.104 .863 -9.26 6.05 

Mixed Method 1.18 3.104 .923 -6.47 8.83 

Part Method Whole Method 1.61 3.104 .863 -6.05 9.26 

Mixed Method 2.79 3.104 .646 -4.86 10.44 

Mixed Method Whole Method -1.18 3.104 .923 -8.83 6.47 

Part Method -2.79 3.104 .646 -10.44 4.86 

Based on observed means. 

 The error term is Mean Square(Error) = 52.979. 

 
Homogeneous Subsets 

MEASURE_1 

Tukey HSD
a,b,c

 

Group 

N 

Subset 

1 

Mixed Method 11 29.42 

Whole Method 11 30.61 

Part Method 11 32.21 

Sig.  .646 

Means for groups in homogeneous subsets are 

displayed. 

 Based on observed means. 

 The error term is Mean Square(Error) = 

52.979. 

a. Uses Harmonic Mean Sample Size = 11.000. 

b. The group sizes are unequal. The harmonic 

mean of the group sizes is used. Type I error 

levels are not guaranteed. 

c. Alpha = .05. 
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Oneway 
Descriptives 

F_Post 

 

N Mean 

Std. 

Deviation 

Std. 

Error 

95% Confidence Interval 

for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

Whole 

Method 

11 36.00 11.261 3.395 28.44 43.56 22 61 

Part 

Method 

11 43.00 8.258 2.490 37.45 48.55 30 55 

Mixed 

Method 

11 46.64 9.233 2.784 40.43 52.84 34 63 

Total 33 41.88 10.377 1.806 38.20 45.56 22 63 

 
Test of Homogeneity of Variances 

F_Post 

Levene Statistic df1 df2 Sig. 

.370 2 30 .694 

 
ANOVA 

F_Post 

 Sum of Squares df Mean Square F Sig. 

Between Groups 642.970 2 321.485 3.441 .045 

Within Groups 2802.545 30 93.418   
Total 3445.515 32    

 
Robust Tests of Equality of Means 

F_Post 

 Statistic
a
 df1 df2 Sig. 

Welch 2.857 2 19.709 .081 

Brown-Forsythe 3.441 2 28.053 .046 

a. Asymptotically F distributed. 

 
 
 
Post Hoc Tests 

Multiple Comparisons 

F_Post 

Tukey HSD 

(I) Group (J) Group Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 
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Whole Method Part Method -7.000 4.121 .222 -17.16 3.16 

Mixed Method -10.636
*
 4.121 .039 -20.80 -.48 

Part Method Whole Method 7.000 4.121 .222 -3.16 17.16 

Mixed Method -3.636 4.121 .655 -13.80 6.52 

Mixed Method Whole Method 10.636
*
 4.121 .039 .48 20.80 

Part Method 3.636 4.121 .655 -6.52 13.80 

*. The mean difference is significant at the 0.05 level. 

 
Homogeneous Subsets 

F_Post 

Tukey HSD
a
 

Group 

N 

Subset for alpha = 0.05 

1 2 

Whole Method 11 36.00  
Part Method 11 43.00 43.00 

Mixed Method 11  46.64 

Sig.  .222 .655 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 11.000. 

 
Oneway 

Descriptives 

B_Post 

 

N Mean 

Std. 

Deviation 

Std. 

Error 

95% Confidence Interval 

for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

Whole 

Method 

11 39.18 13.340 4.022 30.22 48.14 25 66 

Part 

Method 

11 37.91 10.904 3.288 30.58 45.23 17 52 

Mixed 

Method 

11 36.82 8.122 2.449 31.36 42.27 25 51 

Total 33 37.97 10.693 1.861 34.18 41.76 17 66 

 
Test of Homogeneity of Variances 

B_Post 

Levene Statistic df1 df2 Sig. 

.928 2 30 .407 

 
ANOVA 

B_Post 
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 Sum of Squares df Mean Square F Sig. 

Between Groups 30.788 2 15.394 .127 .881 

Within Groups 3628.182 30 120.939   
Total 3658.970 32    

 
Robust Tests of Equality of Means 

B_Post 

 Statistic
a
 df1 df2 Sig. 

Welch .128 2 19.187 .880 

Brown-Forsythe .127 2 26.245 .881 

a. Asymptotically F distributed. 

 
Post Hoc Tests 

Multiple Comparisons 

B_Post 

Tukey HSD 

(I) Group (J) Group Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Whole Method Part Method 1.273 4.689 .960 -10.29 12.83 

Mixed Method 2.364 4.689 .870 -9.20 13.92 

Part Method Whole Method -1.273 4.689 .960 -12.83 10.29 

Mixed Method 1.091 4.689 .971 -10.47 12.65 

Mixed Method Whole Method -2.364 4.689 .870 -13.92 9.20 

Part Method -1.091 4.689 .971 -12.65 10.47 

 
Homogeneous Subsets 

B_Post 

Tukey HSD
a
 

Group 

N 

Subset for alpha = 

0.05 

1 

Mixed Method 11 36.82 

Part Method 11 37.91 

Whole Method 11 39.18 

Sig.  .870 

Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 11.000. 

 
Explore 
Group 

Case Processing Summary 
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 Group Cases 

 Valid Missing Total 

 N Percent N Percent N Percent 

F_Pre Whole Method 11 100.0% 0 .0% 11 100.0% 

Part Method 11 100.0% 0 .0% 11 100.0% 

Mixed Method 11 100.0% 0 .0% 11 100.0% 

B_Pre Whole Method 11 100.0% 0 .0% 11 100.0% 

Part Method 11 100.0% 0 .0% 11 100.0% 

Mixed Method 11 100.0% 0 .0% 11 100.0% 

Age Whole Method 11 100.0% 0 .0% 11 100.0% 

Part Method 11 100.0% 0 .0% 11 100.0% 

Mixed Method 11 100.0% 0 .0% 11 100.0% 

 

 
Descriptives 

 Group Statistic Std. Error 

F_Pre Whole Method Mean 18.64 2.704 

95% Confidence Interval for 

Mean 

Lower Bound 12.61  

Upper Bound 24.66  

5% Trimmed Mean 18.54  

Median 17.00  

Variance 80.455  

Std. Deviation 8.970  

Minimum 6  

Maximum 33  

Range 27  

Interquartile Range 16  

Skewness .264 .661 

Kurtosis -1.093 1.279 

Part Method Mean 16.36 1.845 

95% Confidence Interval for 

Mean 

Lower Bound 12.25  

Upper Bound 20.48  

5% Trimmed Mean 16.24  

Median 15.00  

Variance 37.455  

Std. Deviation 6.120  

Minimum 8  

Maximum 27  

Range 19  

Interquartile Range 8  



141 
 

Skewness .440 .661 

Kurtosis -.347 1.279 

Mixed Method Mean 20.36 3.366 

95% Confidence Interval for 

Mean 

Lower Bound 12.86  

Upper Bound 27.86  

5% Trimmed Mean 20.63  

Median 21.00  

Variance 124.655  

Std. Deviation 11.165  

Minimum 2  

Maximum 34  

Range 32  

Interquartile Range 21  

Skewness -.180 .661 

Kurtosis -1.320 1.279 

B_Pre Whole Method Mean 15.45 3.402 

95% Confidence Interval for 

Mean 

Lower Bound 7.88  
Upper Bound 23.03  

5% Trimmed Mean 14.51  
Median 12.00  
Variance 127.273  
Std. Deviation 11.282  
Minimum 4  
Maximum 44  
Range 40  
Interquartile Range 12  
Skewness 1.742 .661 

Kurtosis 3.751 1.279 

Part Method Mean 15.64 3.248 

95% Confidence Interval for 

Mean 

Lower Bound 8.40  
Upper Bound 22.87  

5% Trimmed Mean 15.54  
Median 17.00  
Variance 116.055  
Std. Deviation 10.773  
Minimum 1  
Maximum 32  
Range 31  
Interquartile Range 20  
Skewness .055 .661 

Kurtosis -1.479 1.279 
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Mixed Method Mean 13.45 2.598 

95% Confidence Interval for 

Mean 

Lower Bound 7.66  
Upper Bound 19.24  

5% Trimmed Mean 13.34  
Median 11.00  
Variance 74.273  
Std. Deviation 8.618  
Minimum 3  
Maximum 26  
Range 23  
Interquartile Range 17  
Skewness .494 .661 

Kurtosis -1.607 1.279 

Age Whole Method Mean 25.64 1.170 

95% Confidence Interval for 

Mean 

Lower Bound 23.03  

Upper Bound 28.24  

5% Trimmed Mean 25.60  

Median 25.00  

Variance 15.055  

Std. Deviation 3.880  

Minimum 20  

Maximum 32  

Range 12  

Interquartile Range 6  

Skewness .023 .661 

Kurtosis -.740 1.279 

Part Method Mean 27.73 1.428 

95% Confidence Interval for 

Mean 

Lower Bound 24.55  

Upper Bound 30.91  

5% Trimmed Mean 27.64  

Median 28.00  

Variance 22.418  

Std. Deviation 4.735  

Minimum 21  

Maximum 36  

Range 15  

Interquartile Range 7  

Skewness .104 .661 

Kurtosis -.552 1.279 

Mixed Method Mean 26.36 1.170 

95% Confidence Interval for Lower Bound 23.76  
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Mean Upper Bound 28.97  

5% Trimmed Mean 26.18  

Median 25.00  

Variance 15.055  

Std. Deviation 3.880  

Minimum 21  

Maximum 35  

Range 14  

Interquartile Range 5  

Skewness 1.045 .661 

Kurtosis 1.329 1.279 

 
 
Validity test 
Independent Samples t-test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

F_test 
Noivec 15 18.8667 3.50238 .90431 

Expert 14 57.7143 7.38427 1.97353 

B_test 
Noivec 15 21.6000 8.45830 2.18392 

Expert 14 49.7857 7.24493 1.93629 

 
 

Independent Samples Test 

 Levene's 

Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

F_test 

Equal 

variances 

assumed 

3.749 .063 
-

18.305 
27 .000 -38.84762 2.12224 

-

43.20210 

-

34.49314 

Equal 

variances 

not 

assumed 

  
-

17.895 
18.284 .000 -38.84762 2.17085 

-

43.40334 

-

34.29190 

B_test 

Equal 

variances 

assumed 

.042 .840 -9.604 27 .000 -28.18571 2.93476 
-

34.20735 

-

22.16408 



144 
 

Equal 

variances 

not 

assumed 

  

-9.657 26.816 .000 -28.18571 2.91869 
-

34.17629 

-

22.19514 

 

 
 
 
 
 
Reliability Test (forehand drive) 
                                     Correlations 

 F_Pre F_Post 

F_Pre Pearson Correlation 1 .938
**
 

Sig. (2-tailed)  .000 

N 33 33 

F_Post Pearson Correlation .938
**
 1 

Sig. (2-tailed) .000  

N 33 33 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Case Processing Summary 

 N % 

Cases Valid 33 89.2 

Excluded
a
 4 10.8 

Total 37 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 

Item Statistics 

 Mean Std. Deviation N 

F_Pre 38.00 19.729 33 

F_Post 40.24 17.894 33 

 
Inter-Item Correlation Matrix 

 F_Pre F_Post 

F_Pre 1.000 .938 

F_Post .938 1.000 
 

 
Summary Item Statistics 

 
Mean Minimum Maximum Range 

Maximum / 

Minimum Variance N of Items 
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Summary Item Statistics 

 
Mean Minimum Maximum Range 

Maximum / 

Minimum Variance N of Items 

Inter-Item 

Correlations 

.938 .938 .938 .000 1.000 .000 2 

 
 

Intraclass Correlation Coefficient 

 Intraclass 

Correlation
a
 

95% Confidence Interval F Test with True Value 0 

Lower 

Bound 

Upper 

Bound Value df1 df2 Sig 

Single Measures .934
b
 .870 .967 29.148 32 32 .000 

Average 

Measures 

.966
c
 .931 .983 29.148 32 32 .000 

Two-way mixed effects model where people effects are random and measures effects are fixed. 

a. Type C intraclass correlation coefficients using a consistency definition-the between-measure variance 

is excluded from the denominator variance. 

b. The estimator is the same, whether the interaction effect is present or not. 

c. This estimate is computed assuming the interaction effect is absent, because it is not estimable 

otherwise. 

 

 
Reliability Test (backhand Drive) 

Correlations 

 B_Pre B_Post 

B_Pre Pearson Correlation 1 .887
**
 

Sig. (2-tailed)  .000 

N 33 33 

B_Post Pearson Correlation .887
**
 1 

Sig. (2-tailed) .000  

N 33 33 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Case Processing Summary 

 N % 

Cases Valid 33 89.2 

Excluded
a
 4 10.8 

Total 37 100.0 

a. Listwise deletion based on all variables in the 

procedure. 

 

Item Statistics 
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 Mean Std. Deviation N 

B_Pre 35.39 15.439 33 

B_Post 35.88 15.586 33 

 
Inter-Item Correlation Matrix 

 B_Pre B_Post 

B_Pre 1.000 .887 

B_Post .887 1.000 

 
Summary Item Statistics 

 
Mean Minimum Maximum Range 

Maximum / 

Minimum Variance N of Items 

Inter-Item 

Correlations 

.887 .887 .887 .000 1.000 .000 2 

 
Intraclass Correlation Coefficient 

 
Intraclass Correlation

a
 

95% Confidence Interval F Test with True Value 0 

Lower 

Bound 

Upper 

Bound Value df1 df2 Sig 

Single Measures .887
b
 .783 .942 16.639 32 32 .000 

Average Measures .940
c
 .878 .970 16.639 32 32 .000 

Two-way mixed effects model where people effects are random and measures effects are fixed. 

a. Type C intraclass correlation coefficients using a consistency definition-the between-measure variance 

is excluded from the denominator variance. 

b. The estimator is the same, whether the interaction effect is present or not. 

c. This estimate is computed assuming the interaction effect is absent, because it is not estimable 

otherwise. 
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Appendix E Ethics Forms 
 
 
STUDY ONE & TWO 
 
 

 
 
 
 

Department of Physical Education and Sport Sciences 

 

Participant Information Sheet 
 

The Effect of Using Different Practice Methods to 
Acquire Tennis Skills 

 
What is the project about? 

This study will identify areas of potential improvement and the subsequent necessity 

of designing special teaching and learning methods to teach motor skills, and selecting 

the optimum methods to acquire tennis motor skills. It will examine levels of 

performance in tennis skills using the international tennis number-testing procedure.  

What will you have to do? 

You will take part in the study for two one-hour session per week for six weeks. In 

these sessions your initial motor skills will be tested, you will be taught correct tennis 

strokes and finally your motor skill development will be assessed. 

What are the benefits to you? 

Hopefully you will enjoy participating in this study. Your tennis playing ability 

should improve through correct training and practice. Your overall fitness should my 

also improved. 

What are the risks? 

There are only minimal possible risks involved, such as muscles and join soreness or 

injury because of low skill level you may feel some embarrassment in such situation 

you will be reassured and supported and will not be required to do anything you don’t 

want to. 

EHSREC10-17 
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What if I do not want to take part? 

Participation in the study is entirely voluntary. There is no obligation to do so and 

volunteers may also withdraw from the study at any time. 

Who else is taking part in this Research Project? 

In total it is hoped that there will be 60 participants from University of Limerick. The 

researcher will be present for all of the sessions. 

What happens to the information that is gathered? 

All collated data is completely confidential and will only be used for the purpose of 

this project. Only researchers directly involved in this project will have access to the 

results.  

Once the project is complete, all personal information will be destroyed.  

The remaining data will be retained for the recommended period of 7-10 years. 

What if something goes wrong? 

University of Limerick protocols are in place to deal with any emergency. First-aid 

will be available. Furthermore, the researcher has first-aid knowledge to assist in the 

event of a miner injury. 

Who can I contact for additional information? 

If you would like to know more about this study, please do not hesitate to contact any 

of the investigators listed below. 

Name  Title Contact No. E-mail 
Mr. Ebbas Ali Postgraduate Student 061-234780 Ebbas.Ali@ul.ie 

Mr. P.J. Smyth Lecturer 061-202824 p.j.smyth@ul.ie 

Mr. Ciarán MacDonncha Lecturer 061-213162 ciaran.macdonncha@ul.ie 
 

If you wish to discuss any ethical concerns you may have about this study, please 

contact:  

The Chairman of the University of Limerick Research Ethics Committee. 

C/o Vice President Academic and Registrar's Office 

University of Limerick 

Limerick 

mailto:ciaran.macdonncha@ul.ie
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Tel: (061) 202022 

This study has been approved by the Ethics Committee of the Physical Education & 
Sport Sciences Department.  If you have any concerns about this study and wish to 
contact someone independent, you may contact The EHS Research Ethics Contact 

Point of the Education and Health Sciences Research Ethics Committee, Room 
E1003, University of Limerick, Limerick. Tel: (061) 234101 / Email: 

ehsresearchethics@ul.ie 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 

mailto:ehsresearchethics@ul.ie
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Department of Physical Education and Sport Sciences 

 
 
 

Participant Consent Form 
 

I have read and understand the subject information sheet and have had due time to 
consider it. I now fully understand what this project: The Effect of Using Different 
Practice Methods to Acquire Tennis Skills is all about and what the data will be used 
for. I am fully aware of the procedures involving myself that are involved in this 
project. I am aware that I can withdraw from this project at anytime, and that my 
participation is completely voluntary. I do not have to give any reasons as to why I 
leave the study if I so choose to do so. I am aware that my results will be completely 
confidential.  
 
I    , understand all that is involved in this study. I hereby 
agree to take part in this research project. 
 
 
Signed:        
 
 
 
 
Date:         
 
 
WITNESS SINATURE: 
 
Signed:        
 
 
 
 
Date:         
 

 

 
 

 
 

 
 
 
 

EHSREC10-17 
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Department of Physical Education & Sport Sciences 
 

PRE-TEST QUESTIONNAIRE 
 
 
NAME ………………………………….   Ref. No. ………………... 

Date of Birth ……………………………   Age: ……………………. 

Test procedure …………………………. 

 
As you are to be a subject in this laboratory/project, would you please complete the 
following questionnaire.  Your cooperation in this is greatly appreciated. 
 

Please tick appropriate box 
         YES  NO 

Has the test procedure been fully explained to you?     
 
Any information contained herein will be treated as confidential 
 

1. Has your doctor ever said that you have a heart condition and that you 
should only do physical activity recommended by a doctor? 

 

   
 

2. Do you feel pain in your chest when you do physical activity? 
   

   
3. In the past month, have you had chest pain when you were not doing 

physical activity? 
 

   
 

4. Do you lose your balance because of dizziness or do you ever lose 
consciousness? 

 

   
 

5. Do you have a bone or joint problem that could be made worse by a 
change in your physical activity? 

 

   
 

6. Is your doctor currently prescribing drugs for your blood pressure or 
heart condition? 

 

   
 

7. Do you know of any other reasons why you should not undergo 

physical activity?  This might include severe asthma, diabetes, a recent 

sports injury, or serious illness. 

 
 
 

   
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8. Have you any blood disorders or infectious diseases that may prevent 

you from providing blood for experimental procedures? 

 

   
 

 

 If you have answered NO to all questions then you can be reasonably sure that you can take 

part in the physical activity requirement of the test procedure 

 

I  ………………………………. declare that the above information is correct at the time of 
completing this questionnaire     Date ……/……/……. 
 

Please Note:  If your health changes so that you can then answer YES to any of the above 

questions, tell the experimenter/laboratory supervisor.  Consult with your doctor regarding the 

level of physical activity you can conduct. 

          

 

 If you have answered YES to one or more questions: 

Talk with your doctor in person discussing with him/her those questions you answered yes.  

Ask your doctor if you are able to conduct the physical activity requirements. 

 

Doctor’s signature …………………………….………… Date ……/……/……. 
            

 

Signature of Experimenter……………………………….. Date ……/……/……. 
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RECRUITMENT EMAIL 
 

 

Pilot Test  
 

 

 

VOLUNTEERS NEEDED FOR RESEARCH PILOT STUDY 
 
 

Initial volunteers are also needed to test to the suitability of 

the stadium, tools, equipment and supplies and the environmental 

compatibility of the research. 

 

If you would like to boost your sports fitness and help with this 

interesting project, please contact to Ebbas Ali on address 

below…. 

 
 
Ebbas Ali, B.Sc, M. Sc, __                 _____                                                               . 
PhD Researcher 
Physical Education and Sport Sciences Department, University of Limerick, IRELAND 
Phone: +353 (0)61 234780 Mobile: +353 (0)86 6666555Fax: +353 (0)61 202814 
  ebbas.ali@ul.ie http://ul.ie/pess 

 

 
 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 

EHSREC10-17 

mailto:ebbas.ali@ul.ie
http://ul.ie/pess
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Volunteers Needed For Research Study 
Recruiting Women Who Want To Learn Tennis. 

 
 

 
Interested in Learning to Play Tennis? 
 
Are you aged between 18 and 35 years? 
 
If so, you may be able to help us… 
 
Female Volunteers are needed to examine the effects of using different tennis 
training methods  
 
I am currently undertaking postgraduate research into the teaching and learning of 
tennis and need to recruit approximately 60 volunteers to assist with tennis 
motor-skills research 
 
The research will entail twice-weekly 60 minute sessions of free professional 
tennis tuition for the duration of the Autumn Semester 
 
No previous racquet games experience is required, but some interest or knowledge 
of the game is preferable 
 
Students must be physically fit enough to undertake moderate exercise. 
 
Student volunteers from any discipline are welcome to participate. 

Please read the information sheet attached if you are interested!  

If you would like further information on what participation would involve, you can 
contact me, Ebbas ALI on 061-234780 or email: Ebbas.Ali@ul.ie or, Dr P.J. Smyth 
on 061-2022824 or email: p.j.smyth@ul.ieWe would be delighted to hear from you. 

This study has been approved by the Ethics Committee of the Physical Education & 
Sport Sciences Department.  If you have any concerns about this study and wish to 
contact someone independent, you may contact The EHS Research Ethics Contact 

Point of the Education and Health Sciences Research Ethics Committee, Room 
E1003, University of Limerick, Limerick. Tel: (061) 234101 / Email: 

ehsresearchethics@ul.ie 
 
 
 
 

 
 
 

mailto:Ebbas.Ali@ul.ie
mailto:p.j.smyth@ul.ie
mailto:ehsresearchethics@ul.ie
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Volunteers Needed For Tennis Study 

Members of limerick lawn tennis club or club 
tournament players  

 
 

 

 

Interested in measuring your tennis skills? 

If so, you may be able to help us… 

Tennis club tournament players are needed to examine the validity and reliability 
ITF tennis tests. 

 I am currently undertaking postgraduate research into learning forehand and 
backhand drive strokes, I need to recruit approximately 15 volunteers from the 
limerick lawn tennis club in order to standardize the accuracy and bounce in the ITF 
tennis test. 

The test will be carried out twice (5 days between) 20 minute sessions. 

Professional tennis players and those with previous racquet games experience are 
required. 

Volunteers must be physically fit enough to undertake moderate exercise. 

Please read the information sheet attached if you are interested!  

If you would like further information on what participation would involve, you can 
contact me, Ebbas ALI on 061-234780 or email: Ebbas.Ali@ul.ie or, Dr P.J. Smyth 
on 061-2022824 or email: p.j.smyth@ul.ieWe would be delighted to hear from you. 

 
This study has been approved by the Ethics Committee of the Physical Education & 
Sport Sciences Department.  If you have any concerns about this study and wish to 
contact someone independent, you may contact The EHS Research Ethics Contact 

Point of the Education and Health Sciences Research Ethics Committee, Room 
E1003, University of Limerick, Limerick. Tel: (061) 234101 / Email: 

ehsresearchethics@ul.ie 
 
 
 
 
 
 
 

mailto:Ebbas.Ali@ul.ie
mailto:p.j.smyth@ul.ie
mailto:ehsresearchethics@ul.ie
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Appendix F Personal Communications 

 
Communication between the Instructor (Investigator) and some tennis 
organizations in the world 
 

Subject: Search Experience 
Date: Thu 11/03/2010 18:25 
From: garry.cahill@tennisireland.ie 
To: ebbas.ali@ul.ie 

 

Hi,  

 

No problem to have my opinion at some stage. Tennis Ireland is only dealing with 

high performance athletes in dcu.  

You would be better if you want beginners to just go to a local club. I am happy to 

meet at sum stage to discuss my feelings on 

motor learning for tennis . 

 

Garry  

 

FW: Search Experience 
Limerick Lawn Tennis  Club [lltc@eircom.net] 
Sent: Fri 12/03/2010 15:47 
To:    Ebbas.Ali 
 
Please see below. 
 
Regards, 

 
 
Sir, 
  
Please give me a ring @ 087 2351951 next MOnday and we can see what is possible. 
Gerry Clancy 

On 12 March 2010 14:54, Limerick Lawn Tennis Club <lltc@eircom.net> wrote: 
 

 
Hi,  
 
If you contact the itf they will give you the test. You will get contact details on the web 
for itf tennis. 
 
The video I showed you was not a test it was a tennis rally. You can record this from 
any matches on tv.  
 
Good luck with project  
 
 
Sent on I phone  
Garry cahill 

mailto:garry.cahill@tennisireland.ie
mailto:ebbas.ali@ul.ie
mailto:lltc@eircom.net
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Subject: Search Experience 
Date: Wed, 10 Mar 2010 18:09:04 +0000 
From: ebbas.ali@ul.ie 
To: garry.cahill@tennisireland.ie 
CC:  cahillgarry@hotmail.com 
 
Dear Mr. Garry Cahill 

My name is Ebbas ALI, a graduate student in the Physical Education and Sport 
Sciences, Faculty of Education and Health Sciences, University of Limerick. I want to 
make the search experience in the area of motor learning with tennis, so I wonder if you 
have a time to meet with you to discuss some things about my research,  

Please if you have any inquiry please don’t hesitate to send me a message on my 
Email address Ebbas.Ali@ul.ie or ring me on my mobile number (0866666555) at any 
time. 
  
  
You’re sincerely 
____________ 
Ebbas ALI 

10th March 2010. 

 
 

Scott Over [Scott.Over@itftennis.com] 
Tue 04/05/2010 18:12 
Ebbas.Ali 
 
Dear Ebbas Ali, 
 
Please check out http://www.itftennis.com/itn/ for skill tests 
 
Scott Over 
INTERNATIONAL TENNIS FEDERATION 
Development / Coaching Department 
+  Calle Tirso de Molina, 21, 6-21. 
       46015 - Valencia - España 
( +34 96 348 61 90 
7 +34 96 348 61 90 
* scott.over@itftennis.com 
New ITF Coaching publications are available for sale on https://store.itftennis.com 
________________________________________ 
 

From: Ebbas ALI [mailto:Ebbas.Ali@ul.ie] 
Sent: 02 May 2010 23:24 
To: Reception 
Subject: Search Experiment 
 
ITFTennis.com Feedback From About the ITF Weblet. Message follows: 

 

RPT 

mailto:ebbas.ali@ul.ie
mailto:garry.cahill@tennisireland.ie
mailto:cahillgarry@hotmail.com
https://db2prd0102.outlook.com/owa/redir.aspx?C=1a54db09a9b6457984de8508c4309da5&URL=http://www2.ul.ie/web/WWW/Faculties/Education_%2526_Health_Sciences/Departments/Physical_Education_and_Sport_Sciences/
https://db2prd0102.outlook.com/owa/redir.aspx?C=1a54db09a9b6457984de8508c4309da5&URL=http://www2.ul.ie/web/WWW/Faculties/Education_%2526_Health_Sciences/Departments/Physical_Education_and_Sport_Sciences/
https://db2prd0102.outlook.com/owa/redir.aspx?C=1a54db09a9b6457984de8508c4309da5&URL=mailto:Ebbas.Ali@ul.ie
http://www.itftennis.com/itn/
mailto:scott.over@itftennis.com
https://store.itftennis.com/
mailto:[mailto:Ebbas.Ali@ul.ie]


158 
 

RPT [tennis@rpteurope.com] 
Thu 06/05/2010 17:15 
Ebbas.Ali 
 
Hiya 
 
 
Thank you for contacting the RPT office. We will reply to your e-mail as soon as possible. 
 
 
Cheers 
 
 
RPTeurope 
08445-855866 
 
 
The RPT is Europe's Number 1 Coach Education Provider based on the successful 
Spanish Teaching Methods and has trained more than 50,000 coaches worldwide 

 

 
Re: Search Experience 
Brenden Sharp [brenden.sharp@gmail.com] 
Thu 06/05/2010 23:54 
Ebbas.Ali 
 
Hi Ebbas 
 
Please go to www.oncourtassessment.com and also www.itftennis.com/itn 
 
There is a wealth of information on these websites that you are free to use. 
 
Kind regards 
 
Brenden Sharp 

On Fri, May 7, 2010 at 3:14 AM, Ebbas.Ali <Ebbas.Ali@ul.ie> wrote: 
 

 

FW: statistical power 
Helen.Purtill 
Sent: Thu 23/02/2012 15:48 
To: Ebbas.Ali 
Cc: P.J.Smyth; Ciaran.MacDonncha 
 
Hi Ebbas,  
 
Based on your data from the pilot study, the standard deviation for the improvement in 
forehand is 12.07 (that is the standard deviation of Forehand_Difference variable in your 
data file).  

http://www.oncourtassessment.com/
http://www.itftennis.com/itn
mailto:Ebbas.Ali@ul.ie
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Also, from your pilot study data, the group means are: 17.36, 26.64 and 26.27 respectively 
for the whole method, part method and mixed method teaching. I will give you the sample 
sizes required to detect a mean difference of 10 and also the sample size required to detect 
a mean difference of 8, based on a standard deviation of 12. These sample sizes have been 
calculated using the statistical software package nQuery Advisor. If possible, you should 
inflate your sample size to account for the possibility of needing to analyse non-normal 
data (as non-parametric statistical tests have less power than parametric statistical tests), 
and the possibility of new study having a smaller effect size or a larger between subject 
standard deviation.  
 
Statement 1 from nQuery: Mean difference of 10 A sample size of 24 in each group will 
have 80% power to detect a difference in means of 10.000 assuming that the common 
standard deviation is 12.000 using a two group t-test with a 0.050 two-sided significance 
level. 
 
 
Statement 2 from nQuery: Mean difference of 8 A sample size of 37 in each group will 
have 80% power to detect a difference in means of 8.000 assuming that the common 
standard deviation is 12.000 using a two group t-test with a 0.050 two-sided significance 
level. 
 
The pilot study showed only small differences between groups for the backhand, therefore, 
it is appropriate to use the forehand data to inform the sample size calculations.  
 
I hope you will find the above useful.  
 
Kind regards,  
 
Helen  
 
 
 
Dr. Helen Purtill, 
Biostatistician, 
Statistical Consulting Unit/CSTAR, 
University of Limerick. 
 
 
 
-----Original Message----- 
From: Ebbas.Ali 
Sent: Thu 23/02/2012 13:28 
To: Helen.Purtill 
Subject: RE: statistical power 
 
I really appreciate it. 
 
Cordially, 
Ebbas Ali                                                                                            
 
-----Original Message----- 
From: Helen.Purtill 
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Sent: 23 February 2012 10:06 
To: Ebbas.Ali 
Subject: RE: statistical power 
 
Hi Ebbas,  
 
I hope to work on your sample size calculations today and will email you later today.  
 
Kind regards,  
 
Helen  
 
 
 
Dr. Helen Purtill, 
Biostatistician, 
Statistical Consulting Unit/CSTAR, 
University of Limerick. 
 
 
 
-----Original Message----- 
From: Ebbas.Ali 
Sent: Tue 21/02/2012 15:50 
To: Helen.Purtill 
Subject: statistical power 
 
Hi Helen, 
 
 
 
Following our conversation regarding the increase the samples (statistical power), The 
reason for next study cuz i can't identify the best group for teaching tennis skills from these 
three groups, that why I want to do the next study with increase the subjects (increase 
power statistical) to be able to identify the best teaching methods that taught. Could you 
find the attachment please? 
 
 Cordially, 
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Appendix G Participants Results Sheet 
 
 
 


