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ABSTRACT 

The purpose of this . tudy was to: (i) examine the ability of advanced 

and intermediate tennis players to accu rate ly predict the type, 

depth, and width or tennis serves. and (ii) to examine the trainability 

of serve type. depth. and width identification by intermediate tennis 

players . In Experiment I subjects ( =38) viewed tennis serves, on a 

video and were asked to identify the type of serve, the depth of 

serve, and the width of . erve. inety serves were presented at two 

different speeds (regular and . low motion) for a total of 180 video 

presentations. Performance or the advanced and intermediate tennis 

players, wi th respect to the three measures previously described 

were analysed and compared. There was a . ignificant difference (p < 

.05) in the level of prediction accuracy between the groups for both 

speed of presentation. Post hoc analysis revealed however that no 

s ignificant differences in prediction perrormance existed between the 

groups for serve depth and se rve width at slow speed. Further 

analysis of prediction performance revealed significant correlations 

for both advanced and intermediate players at slow and regular 

speed. The results of the study suggest that differences in serve 

prediction performance between advanced and intermediate players 

may result from differing in formation detection, amount of 

information being processed. and processing peed. Experiment II 

concerned the assessment of the impact of a video training protoco l 

on serve recepti on and return . kill. A multiple baseline design 
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across six s ubjec ts was implemented with pre and post intervention 

scores for ser ve return performance on court being recorded. 

Interve ntion consisted of series of video presentations of serves, a ll 

of which were occ luded on contact. Subjects were asked to predict 

the type, depth and width o f se rve . A modified changing c rite rion 

design was implemented during inte rvent io n, that 1s, on reaching a 

certain predetermined level of pe rfo rmance accuracy, subjec ts 

progressed to a faster video play speed . On court results would 

suggest that performance did improve a. a resu lt of the video 

presentations. 

Examiners: 

Education, 

Supervisor (Schoo l of Phys1ca 

ternal Examiner, 
of Manitoba) 
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CHAPTER 1 

Introduction 

One of the characteristics of the environment of open skill sport 

is the variety of sources of information which change rapidly and 

repeatedly. The athlete must quickly and constantly select the 

relevant visual cues 111 addition to discarding or ignoring the 

irrelevant (Bard and Fle ury, 1976). This selection is by no means a 

random process but rather one which, with some degree of precision 

beyond that of the level of chance, predicts the intentions or ac ti ons 

of one's opponent (Buckolz, Prapavesis, and Fairs, J 988). Prediction 

of future intentions is obviously fraught with difficulties, but it is 

clear that certain a thle tes are much more skilled at this process than 

othe rs. 

Tennis is an example of an open-skill sport where perceptual 

and information-processing skills are important. Th is skill becomes 

more critical at advanced levels of play where rapid decision-making 

is required. In fact, the size of the court and the speed of the shot 

often means that unless the fli ght path of the shot is anticipated 

early, efforts to reach the ball and play an effective return will be 111 

va in (Day, 1980). This is particularly true of serve reception where 

tennis serves may reach speeds of over 220 kilometers per hour. In 

such circumstances a thletes are 111 a time-pressured situation and are 

obliged to predict the intentions of their opponents. However, as 

pointed out by Buckolz, Prapavesis, and Fairs (1988) thi s can be a 
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risky venture , particularly because of the negative consequences that 

result when predic ti ons are incorrect. 

Shank and Haywood ( 1987) have sugges ted that information­

process ing theory predicts that eye movements reflect the processing 

of information. They contend that eye movements refl ect the 

performers fi xation on specific cues and that these movements are 

organized into vis ual search patte rns which vary from expert to 

novice. Other researchers (Buckolz, Prapavesis, and Fairs 1988) 

however , have suggested that while cue fixation is important, 

information process ing effic iency is a lso important. Such an approach 

to the study of expert-novice diffe rences suggests that antic ipation is 

based on predic tion, especia lly in a s ituation such as serve reception. 

In such a situation it is important for the performer to seek out 

relevant cues 111 advance of the action and to efficiently process the 

info rmatio n that these cues contain. 

Early or advance cues may be deri ved from two ma_1 or sources : 

(i) situational , which includes aspects such as climate conditions , 

playing conditions , and the strengths and weaknesses of the 

opponent, and ( ii ) movement cues, which inc lude the stance, racq uet 

action, and visual focus of one's opponent. As pointed out by Buckolz, 

Prapavesis, and Fairs (1 988) , the time pressured indi vidual can 

benefit from advance cues because they encourage predic tio n o r 

antic ipation which in turn offsets the time constraints of the task. It 

is apparent tha t advanced tenni s players predi ct at a be tte r than 

chance level, thereby prov iding indirect evidence that ad vance cues 

do possess some measure of predictive validity. However , what 1s 

unclear is how advanced players, in comparison to intermediate 



players, are able to use advance cues effectively. There seem to be 

three possible explanations (Abernethy, 1992). First, advanced and 

intermediate players could be using different advance cues. Second, 

advanced and intermediate players could have equal knowledge of 

advance cues, but differ in their abi lity to quickly and effi ciently 

process them. Third, a combination of the first two hypotheses 

whereby advanced players use some different cues in addition to 

pocessing more effective information-processing skills. 

3 

Another area of concern is ecological validity, that is , research 

dealing with advance cue uti lizati on has not been studied in the 

context in which it is actually used. Studies in the area have 

generally involved simulated displays and pencil-and-paper or 

verbal responses. Mestre and Pailhous (1992) have expressed 

concern over the use of simplified motor responses and the possible 

artificial uncoupling it may create between perception and action. 

Similarly , von Hofsten (l 987) has suggested that perception should 

be studied in the context for which it evolved. There is clearly a need 

for more field related research. 

Statement of The Problem 

The purpose of this study was three-fold : 

l . To examine anticipation in sport in terms of infened information­

processing speed rather than the traditional method of recording eye 

movements, scanpaths and visual search strategies. 
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2. To assess the effect of a video presentation on information­

processing speed and performance in a simulated environment. More 

specifically, the purpose was to determine rates of prediction 

accuracy with increasing video play speed. 

3. To assess the effect of a video presentation on information­

process ing speed and performance rn a sporting environment by 

means of a behavioural approach. More specifically, the purpose of 

the study was to investigate the trainability of on-court serve return 

performance through a series of videotape presentations. 



CHAPTER II 

Review of Literature 

The Development of Information-Processing Theory 

5 

Information-processing is not a single theory, but rather a 

framework charac te riz ing a large number of concepts (Mille r, 1983) . 

T hese various concepts attempt to explain the fl ow of information 

through the cognitive system, beginning wi.th an input, and ending 

w ith some form of o utput. Between input and output, information is 

a ttended to , transformed , compared , assigned , and used to formulate 

a response (Mille r, I 983). As a result it has often been suggested that 

these mental processes are analogous to the workings of a computer 

as both humans and computers manipulate symbols and transform 

input into output. 

It should also be noted that the development of information­

processing theory has, for some researchers (Gordon, 1989), come to 

mirror the development of a neurological approach to psychology. 

With the develo pment of information-processing thought, it has been 

suggested by Gordon ( 1989) that psychological hypotheses can be 

replaced by models based on known neural mechanisms. There are a 

number of good reasons why a significant number of perceptio nists 

have favoured this shift (Gordon, 1989). In the first place it 1s 

assumed that neural mechanisms underlie much behavio ur. Second , 

there are those that fee l that psychological knowledge is more secure 

when it can be linked to known physical structures. Third, it has 

been suggested that some researchers find it easier and more 



sati sfying to think in terms of neural mechanisms rather than m 

more abstract psycholog ical terms. 
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Information-processing models m psychology are not new. For 

example , Fre ud's psychoanalytic theory of motivation and 

personality is explic itly a processing model. According to Miller 

(1974) thi s model suggests that energy undergoes numerous 

investments and shif ts as a function of development and experience. 

There have been early processing theories in perception as well. T he 

microgenetic analys is stressed by Werner is a prime example . 

Werner ( 1935) argued that perception should be characteri zed as a 

temporal growth process , that is , a growth in c larity. 

Nevertheless, Haber (1 974) a rgued that there is no one central 

fi gure who may be thought of as the founder of information­

process ing theory. Rather, Haber suggested that there are two m a.1 or 

antecedents, ne ither of which are directly linked to psychology . 

T hese a re the communication theory of Shannon and Wiener ( 1949) 

and the arrival of digital computers . 

The communication theory of Shannon and Wiener (1 949) was 

orig inally applied to te lephone switchboard systems , although its 

general application has been far greate r. T hey provided a model of 

communication in te rms of channels over which messages are 

transmitted . The importance to perceptual theori zing of thi s model 

was the ease with which it could be applied to human perceptual 

systems, which may be viewed as communication channels. A direct 

result of thi s work was a new information-processing language, with 

psychologists beginning to talk about "limited-capacity channels ," 

"seria l and paralle l processes," and "information coding ." 



The second antecedent was the expl osive growth in the use of 

digita l computers which began shortly after World War II. During 
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that war, psychologists had moved out of the laboratory because of 

the need to improve the human operation of wartime equipment and 

weapons. It was not the use per se, but the awareness by 

psychologists of the existence and capabilities of computers that 

influenced their thinking. Theorists began to speculate on similarities 

between computer operations and human behaviour , and even to 

computer simulate such tasks as perceptual learning, recognition, 

problem-solving, thinking, and gaming. Psychologists borrowed the 

language of computers; channels, gating, seria l and paralle l 

processing, storage buffers and so on, whilst also developing 

perceptual theory along the lines of computer programs; fl ow charts, 

subroutines, processors, buffers , memory, and so forth. 

Haber (1969) pointed out that information-processing analysi s 

assumes that "the total time from stimulus onset to the occurrence of 

a perceptual response can be divided into intervals, each 

charac terized by a different operation" (p. 2). This approach makes 

explici t that perception, as an experience or awareness by the 

perceiver of having been stimulated , cannot be immediate. Rather it 

is an end product of a number of separate operations, stages, or 

processes, each of which occur in sequence (or paralle l sequences), 

and takes time to complete. Haber (1974) therefore suggested that 

immediacy of perception is perhaps a 'dead horse,' a lthough it has 

had an illustri ous history in theories of perception. 

A second implication of the information-processing approach is 

a recogni tion of how processing is limited by channels through which 
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information flows. One of the earliest proponents of this concept was 

Welford (1952) who proposed that humans have a limi ted capac ity 

to process information. Although a number of theorists have 

justifiably proposed that such a theory, in a strict sense, is incorrect, 

this notion has led to the development of a number of more complex 

models all of which have as their basis the concept of a "channel" 

(Legge and Barber, 1976). This approach affords us a bette r 

perspective w ith which to look for the stages at which the recoding 

of information takes place and to examine the determinants of loss or 

change 111 content. T he points in time where recoding takes place are 

central to information-processing theories and analysis , and it i.s here 

that most interes t, excitement and controversy has arisen. 

Information-processing theory has been used extensively 111 

sport. particularly with regard to dec ision-making. Bakker, Whiting , 

and van der Brug ( 1990) have suggested that reactions will become 

faster because events in the environment show specific relations 

which are discovered during the learning environment. They po inted 

out that the discovery of "redundancy" enables one to predic t certain 

events on the basis of the occurrence of others, resulting in a 

decrease in time needed to react to them. A real-li fe example 1s 

offered by Mohammed Ali ( 1975) who 1n a fi ght had struggled 

against his opponents left c ross "I had his movements so catalogued 

and timed that I knew the meaning of the slight twitch that would 

in voluntarily appear in his throat when he was about to smash the 

bomb. Then I would cut over his blow(pp. 321 )." Examples of such 

anticipation a re found in numerous sport s ituati ons. 
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Visual Search Activity and Information-Processing 

In the human being, sampling of the optical array involves four 

differing procedures. A fixation is a brief period of time during which 

the eye is stationary and focused on a single part of a scene. Such 

fixations last between 200 and 500 milliseconds , and one to five 

degrees of visual information is processed. Fixations are separated by 

quick movements, or saccades, during which the eye's focus is 

changed to a new section of the picture. According to Yarbus (1967), 

saccades rare ly move the eye more than 15 degrees of visual angle 

and are such q uick movements that they occupy only about fi ve 

percent of the total time spent scanning a picture. Saccades are so 

quick that they are unnoticed by the perceiver. During the 

movement, visual information is 'blurred' across the retina, and 

mechanisms in the visual system act to suppress the blurred 

information taken in during a saccade (Sproehr and Lehmkuhle 

1982). Once an object is fi xated, pursuit movements keep it in foveal 

vision as the observer moves. If the distance of an object changes, 

converge nc e movements keep it fixated by the fovea's of both eyes. 

As an object comes closer, convergence movements turn the 

directions of gaze of both eyes toward the nose. If an object comes 

within a few inches of the face, further convergence is impossible 

and double vis ion occurs. Whereas saccades are sudden , intermittent 

changes of eye position , both pursuit and convergence are smooth, 

continuous eye movements. 

In a great many sports, performers are often concerned with 

knowing whether or not they w ill contac t something , how soon it will 

happen, and how violent it will be . A brand of phys ics , known as 
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ecological optics has been developed (Gibson, 1966) which seeks to 

describe surfaces and events in ways that are directly re levant. 

According to Care llo and T urvey ( 1991) the p re mise of ecological 

optics is that the substances of our textured e nvironme nt re flect light 

in a way that is peculiar to those substances and s urfaces. Should the 

point o f observation move, a fl owing array known as an optic flow. 

will be prod uced . For example , if a te nnis ball is traveling toward 

you. its movement generates an expanding optical angle wi th its ra te 

of expansion de pe nd ing on the ve locity of the ball. At the same time, 

the inverse o f this rate of expansion re lates to how soon the ball will 

hit you. For this reason, it is called the time-to-contact variable or 

tau (Lee, 1980). 

Goulet, Bard , and F leury ( 1989) suggest that eye-moveme nt 

recording can revea l va luable information: (a) It a llows testing in 

ecologica l s ituations . (b) It allows the selection and identification of 

the most informative c ues, from which a fi ltering capac ity can be 

in fe rred . (c) It allows the quantification of the amount of information 

selected (nu mber of fix ations pe r uni t of time). (d) It allows the 

establishment of a visual search strategy (scanpath), revealing the 

dynamic priority of the subject. 

Yurpi llot ( 1972) s tated that visual search, revea led by the 

sequence of eye fi xations, shows which information peo ple select and 

conseque ntly whic h guiding info rmation they cons ide r most 

important for the ir dec isions. Thus, according to Shank and Haywood 

( 1987), in formation theory pred ic ts that eye move ments refl ect the 

processing of information. T hi s suggestion was fi rst exam ined by 

Gould and Schaffer ( 1965). They re ported that expe rience played a 
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maJor role in visual search patterns and 111 the corresponding 

outcomes o r responses. T hey found that subjects having partic ipated 

extensively in tachistoscopic experiments had 50 pe rcent fewer 

fix ations than subjects without such experience. The underlying 

assumption made in this study and in similar studies (Mourand and 

Rockwell , 1972), ts that there a direct relati onship between eye 

fi xation and information-processing; that is, we process what we look 

at. This premise has been the basis on which a series of studies 

examining perception in sport have been instituted. 

Bard and Fleury (1 976) investi gated the visual search patterns 

of ad vanced and nov ice players solving basketball problems . They 

reported that not only was the search pattern specific to the type of 

task presented to the subject, but that the subject selected o nl y those 

e lements which they believed to be pertinent to the solution of the 

problem. Bard and Fleury also reported that the number of fi xatio ns, 

for experts was statistically less than for novices. 

In a study of the visual search patterns of gymnastic j udges, 

Bard , Fleury , Carrie re, and Halle ( 1980) examined the number and 

location of ocular fixations during the evaluation of a gymnast's 

performance, and the number of errors made by the judges. They 

reported that expert judges showed fewer fixations than novice 

judges, that the location of fixations differed from expert to novice, 

and tha t nov ice judges detected only half of the gymnast's e rrors 

observed by the advanced . 

In the continuing series of these studies, Goulet, Bard , and 

Fleury (1989) examined the visual patterns of ex pert and novice 

tennis players in preparing to return a tennis serve. They reported 
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that experts identified more serves correctly than novices, took 

better advantage of prefli ght cues when asked to antic ipate the type 

of serve delivered , and foc used on diffe rent cues from those utilized 

by novices. 

Abernethy ( 199 1) has pointed out tha t the study of 

visual search is characte rized by substantial I imitations and 

assumptio ns. In partic ular movement recording methods only reveal 

information re la ted to centra l or foveal vision. Consequently 

important information picked up by means of peripheral vision is not 

detected by visual search equipment. Furthermore, there is a clear 

distinc tio n be tween looking and seeing . Stager and Angus (1978) 

have demonstrated tha t target objects can be fixa ted witho ut being 

de tected and Shulman, Remington, and McLean (1 97 9) revealed that 

attention can be redirected without making eye movements . Finally, 

Aberne thy ( 1991) has sugges ted tha t there are questions concerning 

tria l- to-trail variability relating to the use of the visual detection 

equipment. It may well be that in certain instances the visual 

recording equipment may be obtrusive enough to force subjects to 

alte r their normal visual search strategy. 

In a series of studies conducted by Aberne thy and colleagues, 

the perfo rmance of expert and novice players was further examined. 

However, unlike Bard, Fleury, and Goulet , Aberne thy foc used on 

overt decision-making based on advance cue utilizati on, rather than 

on eye movements and scanpaths. In the first of a series of studies , 

based o n preliminary work (Aberne thy, 1981 ), Abernethy and 

Russell ( 1984) examined the importance of cue sources to decision­

making in cricket batting . They conducted two experiments in which 
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the time avai lable to view the visual display, before reaching 

response selecti on , was e ither under subject control , or under 

expe rimental contro l. In the fi rst experiment, in which ball fli ght 

information was available, expert batsme n produced more accurate 

stroke selecti on than novice batsme n. In the second expe riment, 111 

which ba ll flight was occluded and the viewing time was he ld 

constant for all subjects, there was a trend for greater extrac tion of 

advance informatio n by the expert batsme n. 

In a second s tudy, Abernethy and Russe ll ( 1987a) compared 

the temporal and spatial charac teris tics o f the antic ipatory c ues used 

by expert and novice racque t sport playe rs. The pe rceptua l display 

used in bad minton was simulated using fi lm . and display 

charac te ri stics we re manipulated by varying the duration of the 

stroke seque nce that was available. The subj ect" s task was to predict 

the landing position of the stroke they were viewing. They reported 

that expe rt players were able to predic t more accurate ly on the basis 

of information selected from earlier display c ues than could novices. 

In a follow up stud y. Aberne thy and Ru ssell ( 1987b) examined 

the re lationship be tween selecti ve information p ick-up and visua l 

search acti vity as it re lates to ski lled pe rformance in squash . Expe rt 

players were again found to be able to pick up earlier advance 

information than novices. However. this diffe re nce in informa tion 

extrac tion was not matched by diffe re nces in visual search 

charac teris tics with the locati on , duration , and seque nce of the 

novices' fi xations on the film d isplay be ing indis ting uishable from 

those o f expert p layers. Aberne thy and Russell therefore conc luded, 

with regard to the sports they had examined , that the maj or source 



of expert- re la ted diffe rences in sport perception 1s not the visual 

search strategy per se but rather the use to which the received 

information is subseque ntly put. 

Buckolz, Prapavesis, and Fairs (1988) investigated advance 
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cues and the ir use in predicting tennis passing shots. They sugges ted 

that there were two possible explanati ons for how ad vanced pl ayers 

use early c ues more effectively than intermediate players . First, 

intermediate players may be unaware of what constitutes reliable 

cues. If this is the case, players should report using different cues 

from those identified by the advanced players. Second , ad vanced and 

intermediate players may have equal theoretical knowledge of which 

te legraphic cues are re levant; however, they may d iffer in their 

abili ty to detect these cues under normal speed conditions. In their 

study they reported that ad vanced players correctly predic ted more 

passing shots th an intermedia te players. However , they rep orted tha t 

both the advanced and intermediate players tended to report using 

the same cues. Bucko lz, Prapavesis, and Fairs suggested that while 

intermedia te players knew which cues to look for, they were less 

effic ient than ad vanced players in detecting the ir presence under 

normal speed conditions. However, when the prediction fi lm was 

played at a much slower speed, the difference in accuracy predic tion 

between the two groups decreased markedly. This suggested that the 

di fference in predic ti on accuracy between the groups resulted from a 

detection efficiency in favour of the ad vanced group. 

In a recent review of the area, Aberne thy (1992) pointed out 

that in his research series on perceptual expertise in racquet sports , 

subjects viewed a simulated display of an opponent's action. During 
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the viewing they were required to respond , not by ac tually moving 

and hitting a re turn stroke , but simply by either marking on paper 

the estimated landing position of the opponent's stroke or by 

verbally categorizing , 111 very general te rms, the direction and force 

of the o pponent's stroke. The value of using a simplified motor 

response was that it allowed Abernethy to focus directly on 

perceptual diffe rences between ex pert and novice perfo rmers , 

w ithout performance measures being confounded by movement 

production skills. However, Mestre and Pailhous (1 992) expressed 

concern over the use of simplified motor responses and the possible 

uncoupling it may create between the normal functional links of 

perception and action. S imilarly, von Hofsten (1 987) suggested that 

perception should be studied in the context of the acti ons for which it 

evolved. The views represent an ecological validity perspecti ve 111 

which the quest is ultimately to determine how perception and 

action in terac t. 

The ecological validity issue emphasizes " that the artific ial 

situation created for an experiment may differ from the everyday 

world in crucial ways .. ......... . When this is so, the results may be 

irrelevant to the phenomena that one would really like to explain" 

(Cafferata , 1989, p. 329). In other words, if theories developed in the 

laboratory are to be relevant outside it, the processes studied in the 

laboratory must have ecological validity . 

Runeson ( 1977) has suggested that there are pote ntia l 

problems in examining perception under conditi ons where the ac tion 

required is different from that needed to perform the intact skill of 

interest. There is also a danger in under-estimating the perceptual 
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capabilities of subjects under such conditions . Mestre and Pai lhous 

( 1992) support this position. They point out that in studies involving 

occlu sion, subjects "only" have to predic t the force and direction of a 

stroke (and not to re tu rn the ba ll ) has to be kept in mind. Similarly , 

Turvey and Carello ( 1986) have observed that a full understanding 

of expertise in sports requires a perception and ac tion cycle 

a pproac h. 

Mestre and Pailhous (1992) also suggested that an opponent 's 

action and ball flight must be studied together since visual and 

peripheral information during ball fl ight appears to be much m ore 

important 111 the real fie ld . They hypothesized that an opponent' s 

actions were important in judging the nature of the stroke but that 

ball fli ght information was required to precisely judge ball de pth and 

time of arrival. This research has received empirical s upport from 

Savelsbergh and Bootsma (1994). It was reported tha t players in 

table tenni s demonstrated that the execution of a forehand dri ve is 

guided by a very fine time-to-contac t perception-action coupling. 

This guidance is so effective that highly skilled players demonstrated 

minimal fluc tuation (2-5 ms) in timing accuracy across a number of 

forehand shots. It had previously been suggested by T yldesley and 

Whiting (1975) that such timing accuracy could be due to a players' 

abili ty to produce low variability drives. Furthermore , it was 

suggested that if players could consistently produce the same 

movement , then the timing problem becomes one of accurately 

initia ting the dri ve. This gave rise to the assumption that an accurate 

moment of initiation would lead to an accurate mome nt of contact. 

However, Savelsbergh and Bootsma reported that the temporal 
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accuracy at the moment of initiation, as well as the variability of 

movement times be ing produced , were of such magnitude that such a 

strategy was not viable. Nevertheless, Savelsbergh and Bootsma 

reported that the amount of accele ration produced during the drive 

suggested that players were able to adapt the ir drives. If the drive 

was initiated somewhat later than average, the playe r produced 

somewhat more accele ration, and vice versa. Thus , Savelsbergh and 

Bootsma concluded that it is a fi ne ly tuned pe rception-action 

coupling mechanism that is responsible for accurate contact. This 

position have received some support from Abernethy (199 1) who 

acknowledged that although advanced c ues are important the ability 

to use flight cues and correct responses accordingly plays an 

important par t in shot pe rformance. 

In obtaining empirical data on the differences in attunement to 

available sources of perceptual information between advanced and 

inte rmed iate players , two research strategies are poss ible 

(Abernethy, 1992) . One approach places ecological validity at a 

premium and proceed s by making natural observations of the skill of 

inte rest with a m1111mum of experim ente r imposed constra int. 

Pe rception and action are retai ned within the ir normal re lationship 

a lthough the chances of unearthing important control var iables are 

somewhat lessened. T he a lte rnative research strategy is to initiall y 

constrain and simplify the task of in te rest in some way so as to 

conduct a systematic search for information sources. This is the 

strategy which has been employed almost without exception in the 

area. However, this approach is clearly lacking in ecological validity. 

The fact that Abernethy's subjects "only" had to predic t the force and 



direction of a stroke , and not to re turn the ball , clear ly reduces its 

applicability to the "real" situation. 

Theoretical Mechanisms Underlying Performance 

Improvement Due to T raining 

What ts Being Trained -- Information Processing Speed 

1 8 

It has been sugges ted by Salthouse (1985) that in the context 

of the information-processing model, both the amount of informati on 

that can be handled at one time and the quality of information­

process ing, are accounted for by one resource: information­

process ing s peed. 

Carl ton ( 1987) has pointed out that the temporal delay 

between picking up visual information and using this information to 

trigger or guide our movement is critical in regard to sport 

performance. Studies of this factor have empl oyed reaction time 

paradigms which date back to the work of Donders (Koster, 1969) . 

However, Carl ton (1 992) has noted that there have been few 

systematic attempts to determine the fac tors that contribute to 

information-processing and movement. One possibility is that ability­

related differences in the amount of processing resources give n se to 

differe nces in info rmation-processing speed . However , there is a 

problem with this in terpretatio n since abili ty-related differences in 

processing resources which is the mechanism used to explain 

differences in processing speed , is dependent on abil ity-re lated 

differences in processing speed (Hale, Fry, and Jessie, 1993). 

Nevertheless, a number of other speculations can be made. 
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McCloskey, ( 198 1) has suggested tha t kinesthetic inputs as well 

as information about motor commands as an "effe rence copy" 

provide information about movement. By knowing the time when 

visual information will be available, and by knowing the probable 

response and response adjustments that may have to be made, visual 

information may be processed and used more rapidly. Another factor 

which could account for the variety of processing time estimates 

between indi viduals is the size of any e rror or uncertainty which 

may need to be corrected or accounted for (Carlton, 1992). A hi gh 

degree or magnitude of e rrors may require a fundamental 

reorganization of the movement to accomplish the task goal, whereas 

small adjustments may only require lower level ne ural processes 

(Prablanc and Pe lisson, 1990). 

Vari ous researche rs have hypothesized that response la tenc ies 

may decrease because of increases 111 the effi c iency of informati on­

processing, that is, the e limination of processing steps (M yerson, 

Hale , Wagstaff, Poon, & Smith, 1990 ; Newe ll & Rosenbloom, 1981 ). It 

may the refore be argued that expert and novice performers are 

pe rforming bas ic informati on-p rocess ing tasks using the sam e 

sequence of component processes. Diffe rences be tween the two 

groups may therefore result from the time and number of processm g 

steps taken by nov ices . 

It has been similarly reported by Hale , Fry , and Jessie (1993) 

that although children's latenc ies are m ore variable than those of 

adults w hen both are performing the same task, children's latenc ies 

are no more variable than those of adults when both groups are 

pe rforming novel tasks that require an equal amount of time by both 



groups. It is therefore possible that abi lity-related differences 111 

variability refl ect qualitative differences in the information 

processing of advanced and intermediate players; that is, the 

strategies used by intermediate players or the implementations of 

these strategies might be more variable than the strategies and 

implementatio ns of advanced players . 

20 

Another explana tion fo r the differences m processing 

information speed between advanced and inte rmediate players may 

lie with the development of automatic ity. The concept of 

automatic ity implies that skills may be pe rformed without apparent 

conscious attention. 

The contemporary view of attention 1s as a sen es of resource 

pools (Aberne thy, 1993) , each with their own unique capacities and 

resource-performance re lationships. It is suggested (Fodor , 1983) 

that within such a theory of attention, capacity is distributed 

throughout the nervous system in specific, specia l-purpose 

subsystems and 1s not centralised . An example of such a subsystem 

is the antonomous visual mechanisms for the pickup of time to 

contact information (McLeod , McLaughlin, & Nimmo-Smith , 1985). 

However, given the enormous amount of information which 

bombards the performer every second it becomes essential that only 

the most re levant information actually gets selected and processed 

(Aberne thy , 1993 ). In sport s ituations a number of factors will 

influence the effi ciency of this selective attention process. These 

factors include the total amount of information on display, the 

amount of irre levant information, the time required to pick up and 

process the re levant information, and the abi lity of the performer 
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(Jones, 1972). The older, formal filte r theories of selective-attention 

still tend to dominate the selecti ve attention literature (Abernethy, 

1993) a lthough alte rnative theories have been developed. The 

attenuation mode l of selective attention (Triesman , 1969) proposed a 

series of tests , with irre levant information being progressively 

attenuated at each of these levels of analys is . T he pertinence-based 

model of attention (Norman, 1976) assumes that short-te rm memory 

is the method for selectivity. Within this model signal pertinence, 

derived largely from the performer ' s past experiences and contextual 

knowledge of similar situations , is assumed to be the foundation on 

whi ch the discrimination be tween those signals for further 

process ing, and those to be ignored is based (Abernethy 1993). 

Logan ( 1985) has pointed out that automatic ity is an important 

component of skill in that performance of a skill consists of 

knowledge and procedures that can be carried out automatically. 

Furthermore, Magill ( 1993) has suggested that not only skill but 

automatic ity can be acquired through practice and that auto matic ity 

should not be thought of as a dichotomous category but rather as a 

continuum. 

What ts Being Trained-- Transfer 

According to Magill (1994, p. 7 1) transfe r "is generally defined 

as the influence of having previously practiced a skill or skill s on the 

learning of a new skill or on performing a skill in a new context." 

Thi s influence, which may be positi ve, negati ve, or neutral , requires 

that, given the right conditions, what is learned in one context can be 

carried over to another context (Adams, 1987). Positive transfer 



22 

occurs when experience with a prev10us skill aids or facilitates in the 

learning of a new skill ; negati ve transfers occurs when experience 

with a previous skill hinders or interferes with the learning of a new 

skill ; zero transfer occurs when experience with a previou s skill has 

no effect or influence on the learning of a new skill. Thus, o ne of the 

more important conditio ns which affec ts transfer i s similarity 

be tween tasks . In fac t, it has been suggested (S inger , I 980) that the 

greates t amount of transfer will result from a greater resembl ance 

between task e lements and their respective stimuli and responses . 

Examples of positi ve transfer s ituations are racquetball -tennis, and 

ice hockey- ringette. 

Examples of negative transfer are often harder to de tect and 

often specific to particular components of skills. For example there 1s 

generally a positive transfer between tennis and badminton. 

However , the learning of the tennis forehand before the badminton 

forehand often results in negative transfer and vice versa. (The 

badminton forehand requires a wrist snap w hereas the tennis 

fore hand requires a firm wrist). 

Theories of transfer may help explain findings with respect to 

changes m performance on court. However, the mechanism of 

transfer 1s not we ll understood . A number of hypotheses have been 

developed in an attempt to explain why transfer occurs. The more 

traditional view agues that transfer is due to the similarity of 

components between two skills or two performance situations 

(Magill , 1994). This position can be traced to Thorndike (1914) and 

his theory of identical e lements. Thorndike considered identical 

e lements to be mental processes that shared the same brain cell 



23 

action as the corresponding physical action. This view was modified 

by Osgood (1949) who developed the theory of a "transfer surface" 

which provided a means for determining what type and amount of 

transfer to expect. As with Thorndike, Osgood proposed that the 

amount and direction of transfer is directly re lated to the similarity 

between the stimulus and response aspects of two tasks. Osgood 

suggested specifically that when both stimuli and response are 

similar, positive transfer will occur between the tasks. In other 

words , max imum positive transfer is predic ted when the stimulus 

and response characteristics are both identical. On the other hand, 

negati ve transfer is predicted when the stimuli for the two tasks are 

identical but the two responses are completely different from each 

other. 

A second hypothes is, the transfer appropriate- processing 

hypothesis (Bransford , Franks , Morris, and S tein (1979) focuses on 

the similarity of cogniti ve processing characteristics required by the 

two skills or two performance situati ons, rather than on the 

similarity of the physical components of a skill or the context 

characteristics of the two performance situations (Magill , 1994) . This 

view is supported by Kolers and Roedi ger (1984) who provided a 

framework for accounting for significant aspects of cogniti ve 

processes in terms of skill 111 manipulating symbols. Within this 

framework they argue that the means of acquiring information form 

part of its representa tion in the mind , and that recognition varies 

with the similarity of procedures in acquis ition and test, and that 

transfe r between tasks varies with the degree of correspondence of 

underlying procedures . 



24 

In the context of the present research, the transfer 

appropr iate-processi ng hypothesis implies that the nature of training 

and target tasks are less important than whether performance on the 

real task and that on the video require the same cognitive processes. 

Therefore, if it is the case that those processes required in making an 

on court decision are the same as those required on the training task, 

video training should be successful. Starkes and Lindley (1994) have 

sugges ted that if we understood what it is that transfers and how 

information transfers, designing a task simulati on would be easy. 

Finally, S inger ( 1980) identified two types of transfer; 

between activities or la teral transfer, and within activities or vertical 

transfer. Lateral transfer refers to influences of learning from one 

task to another, an example being tennis and badminton. Vertical 

transfer refers to influence of prerequisites on higher learning w ithin 

the same task, an example being video practice prior to real practice. 

It should be noted that the total transfer effect is dependent on 

a number of variables. These include the amount of practice, the 

schedule of practice, the indi vidual's motivation to transfer skill or 

knowledge gained in one situation to another, and the intent of 

tra ns fe r. 

The Training for and Development of Anticipation 

One area that has come under close scrutiny is the training of 

antic ipation and decision-making. This is partly the result of the 

increased use of video recording of games and game situations . As 

pointed out by Starkes and Lindley (1994) this type of training has 

several advantages. In regard to tennis, for example, court time 1s 
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not needed, the coach need not be present, and learning is self-paced . 

Furthermore, video tape training can be used with injured players, 111 

conjunc tion with on court practices, and during the off season. This 

process of simulation is of course dependent on the ability of the 

athlete to transfer their video training to the actual game situation. 

The use of simulation is widespread through out sport and 

includes such devices and practice aids as video golf, pitching 

machines in baseball , and tackling dummies in rugby. With such 

widespread and common use one might assume that such 

development is based on logical, empirical data. However, as pointed 

out by Chamberlin and Lee (1993) this is far from the case. The 

maj ority of the research on simulation has involved pi lot training 

rather than sport. 

Despite the lack of empirical data , a number of principles have 

been developed from pil ot training, the most important be ing 

fidelity. The term fidelity refers to the extent to which simulation 

mimics the real-world task. Receiving an actual tennis serve would 

be very high in fidelity whereas prac tic ing by using a servrng 

machine or a video tape has decreasing levels of fidelity. Therefore, 

within industry , attempts have been made to develop simulators that 

are high in fidel ity in the belief that this will increase the transfer of 

learning. 

As to what is being learned it was initially thought that 

simulation developed declarati ve knowledge ("what to do" 

knowledge), primarily through neuromu scular coordination. 

However, according to Alessi ( 1988) researchers have begun to pay 

more a ttention to procedural knowledge. Alessi has suggested that 
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research done on simul ation and fide lity has indicated that 

inc reasing the similarity between the prac tice and test environment 

enhances the transfe r of procedural knowledge. 

It has been suggested by Thomas and Thomas ( 1 994) that a 

certain am ount of dec larative knowledge is needed prior to acquiring 

procedural knowledge, and that dec larative knowledge is c learly 

important in the development of expertise. However, since high 

levels of dec la rative knowledge a re often found in novices, thi s does 

not seem to be the limiting factor in the development of expe rtise. 

T hey pointed out however, that it is in the area of procedural 

knowledge that the greatest differences between ex perts and novices 

are to be fo und, but that the precise nature of procedural knowledge 

development is still a mys te ry. Nonethe less, it is thought that d irect 

instruction and inference through play and observation are 

important developmental facto rs . 

Simulation tra ining has been used in maj or sport. Brockman 

( 199 1) reported that the Milwaukee Brewers baseball team used a 

sophisticated e lectronic imaging system during the 1990 season to 

he lp tra in pitche rs. Training consis ted of analyzing the speed , curve, 

and position of the ball on a simulated strike zone which was 

displayed by a floor mounted video projector. 

Before commenc ing on a training program it 1s important to 

recognize precisely what is be ing trained. In the early part of thi s 

century it was thought that antic ipation was dependent on 

pe rceptual and dec ision-making abilities and that these in turn were 

re la ted to superior visual acuity , depth pe rception , and periphera l 

vis ion on the part of the e lite athlete (S tarkes & Lindley , 1994). In 
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one early study Banni ste r and B lackburn ( 193 I ) reported tha t the 

interpupillary distance of rugby players was greater than that of non 

players and conc luded that the more advantageous angle of visual 

convergence of the players promoted supe rior de pth perception, 

which enhanced the ir ath le tic abi lity. Similar fi ndings have been 

reported by Olsen (1956), and Pie rson ( 1956). However, altho ugh 

emphasis was initia lly put on these abilities, late r work has 

demonstrated that performance by e lite athletes is rare ly due to 

superior visua l talents. Martin (1970), as c ited by Starkes and 

Lindley , ( 1994) fo und poorer-than-normal stat ic visual acuity 111 22% 

of the hundred s of na tiona l and professional ath letes that he tested . 

S im ilar findings have been reported by Cockeri ll (198 1) , and Starkes 

and Deakin (1 984 ). These results would suggest, that after 75 years 

of research, the re are few conclusive results which l ink visual 

abiliti es with ath le tic performance. 

Neverthe less, according to Starkes and Lindley (I 994 ), we do 

know some things about e lite a th letes. T hey suggested that part of 

the reason why e lite athletes excel is tha t they have stored in 

memory a large amount of declarati ve knowledge 111 regard to the ir 

pa rticular sport and game struc ture. Furthermo re, they would also 

seem to possess large amounts of procedural knowledge with regard 

to how and when to do certa in movements or institute specific plays. 

In add ition, they have a lso suggested that e lite athletes seem to be 

particularly apt a t accessing and retr ieving this informati on. 

The notion that video technology or simulation may be used as 

a means of developing or advancing athletes to greater levels of 

expert ise 1s not a new idea. Haskins ( 1965) developed a perceptual 
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training device (training fi lm) and investigated its effectiveness in 

shortening the time necessary to recognize the direction of a tennis 

serve. E leven recreational tennis players participated in the stud y. 

Each player watched a slow motion film which was stopped before, 

a t, and after contact. Each subject was then asked to selec t one of fi ve 

buttons each of which represented specific ball flight direc tions. 

Haskins reported that the training fi lm appeared to be beneficial rn 

shortening the time necessary to perceive accurately the direction of 

a tennis serve. Furthermore, these benefits could be enjoyed by all 

players regardless of level. Londeree ( 1967) examined play­

recognition times after training with motion pic tures and flash cards 

in the game of football. T wenty-e ight high school students were 

selected into one of two groups, dependent on the ir IQ level. Each 

subject was shown three segments of film. Each segment of fi lm 

contained an actual football play. Each football segment was frozen at 

a certain po int and each subject was asked to orally provide the 

correct defensive response. T his process was then repeated with 

flash cards containing diagrammed plays repl acing the film 

segments . Lo nderee reported that motion pic ture training resulted 111 

shorter play recognition times than flash card tra ining for defensive 

ends in football. He also reported that there was no relationship 

between IQ and performance. T hiffau lt (1 974 ), c ited by Starkes and 

Lindley, 1994) were trained to make fast offensive decisions to 

shoot, pass , or skate the puck, following brief exposure to slides 

showing game situati ons. It was reported that following train ing, 

vocal reaction decisions were made faster. It was further reported 

that this improvement carried over on to the ice. However, Starkes 
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and Lindley , (1994) questioned the ecological validity of the transfer 

task and queried as to whether training occurred w hich would 

actually faci li tate performance in a real game . Finally, Burroughs 

(1984) examined the effecti veness of visual-simulation-training fi lm 

approaches to enhancing the visual pitch recognition and pitch 

location skills of collegiate baseball players. Reports of the use of fi lm 

to help improve batte rs' skills at the plate have appeared from time 

to time in the literature (Breen, 1967; Hubbard and Seng, 1954; 

Race, 1961; Reiff, 197 1 ). It was reported by Burroughs that both slow 

motion and real time visual simu la tion tra ining significantl y 

improved batte rs visual location skills . 

Starkes and Lindley ( 1994) reported on an earlier unpublished 

study by Lindley ( 1987) which examined the effectiveness, for 

basketball players , of perceptual training using slides and video tape. 

It was reported that pre to posttest slide and video results revealed 

a marked decrease in the time to make accurate decisions for groups 

trained on the ir respective test stimuli. However , it was also reported 

that a lthough speed had changed there was no corresponding 

increase in accuracy of dec isions. In addition it was revealed that 

performance improvement with regard to speed of decision-making 

did not carry over onto the basketball court. It was suggested that a 

possible reason for this was the shortness of the training period 

(three 1 /2 hour periods over fo ur days). 

In a follow up study Starkes and Lindley, (1991) examined the 

video training of offensive dec ision-making in basketball. The video 

sequences were from a variety of university basketball games which 

were filmed from above half court. T apes were viewed at real time 



on a 20-inch television. In addition to video pre and post tests , on 

court tests were also admini stered. Thi s consisted of subjects 
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watching players playing on court who during a particular play 

"froze". Subjects were seated and given a score card on which to 

record their decisions with regard to what the "frozen" player would 

do. T he intertrial interval was one minute. The authors reported that 

a lthough the trained group produced significantl y reduced decision­

making time in comparison to the control group , there was no 

comparable increase in the accuracy of their decisions. This would 

suggest tha t structured video training can be an important addition 

to on court or real training. Starkes and Lindley further suggest that 

video training may be more beneficial with regard to decreasing 

decision-making time rather than decision-making accuracy. 

However, it should be noted that training sessions were again brief 111 

nature (s ix sessions) and may not have been long enough to bring 

about changes in decis ion-making accuracy. Nevertheless, the res ults 

of these studies suggests that simulation may be a possible method 

of training anticipation. 

A Technique For Anticipation Development: Behaviour 

Modification and The Changing Crite rion Design 

The development of behaviour modification grew from a 

dissatisfaction with traditional approaches to deviant behavior. The 

traditi onal me thodology has been developed from clinical work and 

observations of therapy cases. S ince procedures were not based upon 

objective observations, support for theoretical c la ims was based upon 

in terpretation , intuition , and judgment of the therapist. Thus, neither 



the method of evaluat ion, nor its data were part of a rep licable 

process. 

Research in cond iti oning and comparative psychology 

3 1 

stimulated the object ive study of behaviour in psychology . 

Behaviourism, epitomized by the work of John Watson in the early 

part of th is century, made explic it the methodological changes 

requ ired in psychology and insisted upon the study of overt 

behavio ur rather than private events. Learning became a central 

topic in psycho logical study with conditioning providing a means for 

explaining human and ani mal learning. 

Although Skinner was not the only one to show the importance 

of response consequences in developing behaviour, he shifted the 

emphases from respondent to operant conditioning in his account of 

behavio ur. His research e laborated the principles of operant 

conditioning and at a methodological level Skinner advanced a 

particular approach for study ing and interpreting behavio ur, te rmed 

the "experimenta l analys is of behaviour. " For Skinner the aim of 

psychology was not j ust the understanding of human behaviour, but 

more importantly its pred ic tio n and control. Skinner ( 1953) viewed 

the Person as a malleable and manipulatible c reature and suggested 

that "by arranging conditions in ways specified by the laws of a 

system , we not only pred ict, we control; we 'cause' an event to occur 

or assume certa in charac teristics" (p. 14 ). 

Donahue , Gi llis, and King (l 980) have stated that throughout 

the literature on behaviour change there has been a great deal of 

information concern ing motivatio n and s port (Alderman , 1974), 

achievement needs and sport partic ipation (W ill is and Bethe, I 970) , 
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and skill development (Bilodeau and Bilodeau, 1969). However, these 

writings have not been used by physical educators or coaches who 

want to e ffectively and effic iently develop specific sport and skill 

behaviour. Nevertheless, Donahue, Gillis, and King (1980) pointed 

out that research in behaviour change has demonstra ted tha t o perant 

conditioning techniques are the best method for enhancing specific 

skill development. S imilarly, Rushall and S iedentop (1972) proposed 

that behaviour modification has a great deal to offer coaches for 

improving the performance of both teams and individuals w ithin 

sport and physical education. 

One of the popular and powerful operant techniques is positive 

re inforcement. The notion of reinforcement plays a key role 

Skinner's schema. He regarded an event as a re inforcer if an 

empirical test demonstrated tha t it did in fact re inforce, strengthen, 

or increase a behaviour as a result of being contingent upon it. 

Outside of the ir effect he was not concerned w ith what these events 

had in common. 

Bas ically, there are two categories of re inforcers. Food , water, 

sexual contact, and other stimuli whose presentation contingent on a 

behav iour, strengthe ns the probability of a response are termed 

positive reinforcers. On the other hand, a stimulus whose removal, 

following a response, strengthens that response is a negative 

re in fo rcer. 

There are two types of positive reinforcers: (1 ) pnmary 

(unconditioned) and (2) secondary (conditi oned) re inforcers. A 

pnmary re inforcer is an event that can function as a re inforcer 

without any special training. These are usually events which are 
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basic to our phys ical environment. A secondary reinforcer is o ne 

which becomes effective as a re inforcer afte r special training. As a 

general rule an event that does not function as a positive reinforcer 

can acquire a re inforcing function by be ing associated (paired) with 

something that already is a re inforcer. For example, improvement ts 

probably not a primary re inforcer but it becomes a secondary 

re inforcer because it is frequently followed by some other re inforcer. 

In the phys ical education and sport setting, several studies 

have shown the effectiveness of an operant conditioning approach in 

changing behaviours rela ted to sport skill development. Mc Kenzie 

and Ru shall ( 1974) confirmed the effect of publicly recording 

attendance to reduce absenteeism, late arrival , and early leav ing 

from swim prac tice. T hey reported that absenteeism was reduced by 

43%, tardiness by 63 % and that leaving early was comple te ly 

s uppressed . 

Scott ( I 99 1) employed a lottery incentive system to mcrease 

attendance at rugby training sessions. Employing an ABAB design , 

Scott reported that attendance increased and decreased depending 

on whether the lotte ry was operational or not. 

To increase the number of positive stateme nts college men 

made to teammates in a basketball class, Rolider (1978) [cited rn 

D onahue, Gillis and King, 1980) examined the effectiveness of three 

treatment inte rventions. It was found that grade incentive was the 

most powerful inte rvention, creating a 128% increase in encourag ing 

statements . Teacher modeling produced an increase of 51.9% over 

baseline. Instruction was the least effective with an increase of 2 1.1 % 

re po rte d . 



34 

A variety of operant strategies have been successful 111 

modifying specific sport skill behaviours. Skills from both individual 

and team sports , at varying skill levels , have been examined. 

Ind ividual and team offensive production of nine members of a 

professional baseball team were the target behaviours in a study 

which used money as a token system (Heward 1978). Using a 

withdrawal design , the interventi on consisted of monetary rewards 

to the top three players each week. During the first intervention , the 

performances of six players were consistently higher than baseline . 

The performances of four players dropped to baseline levels during 

withdrawal of re inforceme nt but these same four players improved 

their performance during the second inte rvention. 

Wysocki , Hall , Iwata, and Riordan ( 1979) conducted a 

programme designed to increase the exercise behaviour of a group of 

e ight college students. The inte rvention consisted of the subjects 

depositing items of personal value with the experimenters which 

would only be re turned if an exercise-contrac t crite rion, based on an 

aerobics points system, was reached. A multiple baseline across 

subjects designwas used and it was found that seven of e ight 

subjects increased the number of aerobic points earned. 

In a similar study involving a single subject, Kau and Fi sher 

( l 974) demonstrated the efficacy of an operant program to increase 

jogging behaviour. It was fou nd that following an initial sharp 

increase from baseline, prog ress toward the es tablished goal 

continued to increase. However, the inte rvention was stopped before 

the goal was reached , and natural reinforcers began to take over. 



The effects of four reward contingencies on the swimming 

work volume of 32 members of an age-group swimming team was 

investigated by Rushall and Pettiger (1969). The target behaviour 
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was the number of laps completed and four contingencies were 

applied: (a) coach's attention, in which a coach gave feedback and 

encouragement as each work unit was completed; (b) candy, in which 

one candy was g iven for each lap completed; (c) money, in which one 

cent was awarded for each lap completed, and (d) contro l, in which 

no predetermined re inforcer was implemented. It was found that 

candy and money contingenc ies both resulted in significantly greater 

lap production than the coach's attention and control contingencies. 

The effects of three different reinforcement contingencies on 

running performance of female basketball players, as part of a 

preseason conditioning programme, was studied by Birdsong and 

McCune (1977) [ as cited in Donahue, Gillis, and King , 1980] . The 

target behaviours were mean times on a series of 11 0 and 220 yard 

interval runs . In a public recording contingency, times were posted 

on a board immediately following performance. In a free- time 

contingency, the last set of intervals was not run if runners matched 

the performance of the previous day. No p lanned reinforcement was 

given in a no reward contingency. Mean performance for both the 

110 and 220 yard interval s were fas ter under this contingency . 

Finally , a ttention and informative feedbac k were used as 

reinforcers in a study by Komaki and Barnett (1977). The 

researchers used a performance checkl ist to modify the execution of 

a youth football team. The intervention consisted of the coach 

providing feedback about correct performance and verbal praise for 
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successful execution of the play. A multiple baseline design across 

plays was used , and the results indicated that performance improved 

after, and not before , each inte rvention was introduced. 

Applied behavioral research has primarily used single-case 

expe rimental design , such as the reversal replication and multiple­

baseline designs. The changing crite rion design is a re latively 

uncommon s ingle-case methodology. The design has been 

characteri zed as a varia tion of both the multiple baseline design and 

the reversal replicati on design. With a changing-crite rion design 

however , the effect of the intervention is demonstrated by showing 

that behaviour changes occur gradually over the course of the 

intervention phase, along with changes in a c rite rion for performance 

that is specified as part of the inte rvention (Kazdin , 1982). The 

required level of performance in a changing-criterion design is 

altered repeatedly over the course of the inte rventio n to improve 

perfo rmance over time. 

T he changing-criterion design has been used in the assessment 

of programs outside the realm of sport and physical education. For 

example, studies have examined c igarette smoking (Hartmann & Hall. 

1976) , coffee drinking (Foxx & Rubinoff, 1979) and eating disorders 

(Sanok & Ascione, 1976) . Within phys ical education , physical fi tness 

has been studied (T aggart, T aggart, & Siedentop, 1986). The purpose 

of the T aggart, Taggart, and Siedentop study was to tra in phys ical 

education teachers to work with parents, who in turn would plan to 

increase sys tematically the ac ti vity levels of their low health fi tness 

child. The primary dependent variable in the study was the number 

of activity points accumulated by subjects (children) each week . The 
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subjects agreed to a contract on various rewards for a ttaining 

increasing weekly points totals. Acti vity points were calculated by 

identifying the typical caloric expenditure per minute of the ac ti vity 

and then multiplying thi s value by the number of minutes of 

partic ipation. Contingency contrac t rewards varied for each subject 

and included money, watching te lev ision, and praise. Results of the 

study revealed an overall mean in baseline of 152 po ints per week 

which c limbed to an inte rvention baseline of 304 points per week. 

T his represented a 100 percent increase in activity levels over 

baseline values. 

However , until now this design has not been used 111 its 

entirety in the sport environment. However, the nature of the 

changing criterion design would seem to make it applicable to 

several sporting situations where step like changes in behaviour are 

identifiable. The chang ing-crite rio n design may not demonstrate 

experimental control as effectively as the withdrawal or multiple 

baseline designs , but it does have some advantages over them. It 

does not require the reversal behavior of the withdrawal des ign , a 

procedure which is often difficult in the sport setting . Furthermore, it 

does not require mul tiple independent behaviours, subjects, or 

situa tions , as do the standard multiple baseline designs. Finally this 

design is perfectly suited to the step like systematic increases that 

occur in the application o f shaping to physical skill improvement. 

In the present study the changing-criterion design employed 

changes in the speed of videotape viewing with informative feedback 

and improvement in performance presumed to act as re inforcers. 
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Starkes and Lindley ( 1994) reported that struc tured video tape 

training can be a useful supplement to regular phys ical practice and 

in a follow up study they reported tha t video simulation resulted in a 

significant decrease in decision-making time for an experimental 

group. However, Lindley (1987) reported that simula ti on had no 

effect on the accuracy of responses and that studies in the area had 

experienced difficul ties in evaluating possible tra ined effects in the 

real setting. 

The present study addressed a number of problems. 

Up until now studies in the area have been short (six-week 

dura ti on), group in nature, and have struggled to effectively meas ure 

and evaluate effects in a "real' environment. The present study 

examined: the difference in accuracy of prediction between ad vanced 

and in termediate players as a function of speed of video-taped 

simulation of tennis serves, the effect of indi vidual training programs 

over a prolonged period of time, and transfer effects to the "real 

e n viro nme n t." 



Hypotheses 

To fulfill the purposes of the study the following directional 

hypotheses were tested: 

Exper iment 1 

l . (All subjects) 

Based on the assumpti on that differences in performance between 

ad vanced and intermediate players may result from variations in 

information process ing skills in a time pressure situa tion, and tha t 

given enough time intermediate players will be able to process the 

relevant information, the foll owing hypothesis was tested: 

There will be no significant difference between advanced and 

intermedia te tenni s players in total prediction scores. for depth , 

width, and type of tenni s serve at slow play speed. 

(1 a). There will be no significant difference between advanced and 

intermediate tennis players in serve type predic tion scores. 
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(l b). There w ill be no significant difference between advanced and 

intermedia te tennis players in serve depth predic tion scores. 

( le). There will be no significant difference between advanced and 

intermedia te tennis pl ayers in serve width predic tion scores. 

2. (All subjects). 

Based on the assumption tha t differences in performance between 

advanced and intermediate players may result from variations rn 

information process ing skills in a time pressure situation, the 

following hypothesis was tested: 
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There w ill be a significant difference between advanced and 

inte rmedia te tennis playe rs rn total predic tion scores for type , depth , 

and width , o f tennis serve at regular play speed. 

3. (Ad vanced only) 

Based on the assumption that advanced players possess superior 

information processing skill s at normal speed play it would be 

expected that they would re ta in this skill at slow speed play. 

Consequently , the follow ing hypothesis was tested: 

T here will be a significant relationship be tween slow and regular 

play speed pred iction scores for ad vanced tennis players in type , 

depth, and width of tennis serve. 

4. (Intermediate players onl y) 

Based on the assumption that intermediate players do not possess 

superior information processing skill s at normal speed play, as 

opposed slow speed play , the followi ng hypothesis was tested : 

T here wi ll be no significant re lationship be tween slow and regular 

play speed prediction scores for intermediate tennis playe rs in type, 

depth. and width of tennis serve. 

Experiment 2 

5. Based on the assumption that the re would be a transfer in tra ining 

effect from video play to on-court performance the following 

hypothesis was tested: 

T here will be a significant difference between pre and post 

treatment scores with regard to on court serve return performance. 



T his difference wi ll be facili tated by a modified changing-criterion 

design where the effect of the video intervention wi ll be 

demonstrated by showing that accuracy predi c ti on gradually 

changed over the course of the intervention. 

41 



42 

CHAPTER III 

Research Methods, Results, and Discuss ion of Experiment I 

Subjects 

The subjects in this study were 38 volunteer tennis players 

from Victoria , British Columbia and St. Catharines, Ontario. The group 

consis ted of equal numbers of males and females and a ll subjects 

were over the age of nine teen. 

All subjects were c lassified by local coaches as intermediate 

(n=20) or ad vanced (n= 18)}. Inte rmediate tennis players were 

identifi ed as those athletes who had in termedia te skills , were regular 

recreational tennis players and who did not represen t their province 

or partic ipate in provinc ia l-level competition. Advanced tennis 

players were provincially ranked or judged to possess superior 

technical skills . All advanced players had played in provincial level 

competiti o ns. 

The permission of the coaches, where appropriate, was 

obta ined as was the consent of each ind ividual player (see 

Appendix). All players had the option of withdrawing from the 

project at any time. 

Procedure 

Film Construction . S ubjects were requi red to view a prepared film 

which was constructed in the following manner. A video camera 

containing high speed film was positioned on the right side of the 

court baseline, one meter from the singles court side line, and set to a 

height of 1.70 meters above court level. It foc used on the server, 
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who served from the center line on the other baseline to the right 

serve receive box. The content of the film consisted of 108 serves 

with each one being performed by the same elite tennis player. The 

total of I 08 serves were made up of a cycle of 18 different serves 

with the cycle being repeated six times. Neither the server, order , or 

speed of serve varied across the cycle. There were three different 

types of serve (fl at, top spin, and sliced), two differing depths of 

serve (shallow and deep) , and three differe nt landing positions 

(center line , middle of the receiving court, and singles side line). 

Subject Testing. Each subject was asked to sit three meters away 

from a 26 inch television monitor in a well lit room. At the 

commencement of the test each subject was permitted to view an 

example of each type of serve; a total of 18 serves. Each type of 

serve was shown once and for each sample serve subjects were told 

the type, depth , and landing zone. In addition, subjects were ad vised 

of pertinent advance cues which accompanied each serve. Nine of 

these sample serves were shown 111 slow speed and the other nine at 

regular speed. During the test each serve began five seconds prior to 

contact and occlusion occurred on racquet/ball contact. Subjects were 

asked to predict the type, depth , and landing zone of each of the 

remaining 90 serves and were requested to g ive a verbal response 

immedi ately follow ing the occlus ion of each serve. Each subject 

viewed the tape at normal speed and at slow speed (1 /30 of regular 

speed). The order of play speed alternated from subject to subject 

and example serves were played prior to viewing the film at each 

s peed. 
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Prediction Scoring. The subject was required to identify the type 

of serve, the depth of serve, and the location of the landing zone. For 

each part of a serve identified correctly a subject was awarded one 

point. T hus a correctly predic ted serve was worth three points (serve 

type, depth and width all being correctly identified) and a total of 

ninety correctly predic ted serves produced 270 points . 

Data Analys is 

A randomised block two way Level X Order analysis of 

var iance (ANOV A) was used to es tablish if there was a significant 

difference 111 performance as a result of viewing order. A second one­

way Level X Speed ANOV A (2 X 2), with post hoc Scheffes, was used 

to establish if there was a significant d ifference in performance 

between ad vanced and intermedia te players in predic tion accuracy 

of serve at slow and regular speed. A Pearson's Product Moment 

Coeffi c ient of Correlation was used to determine the correlation 

between scores on type, depth , and width for each speed within each 

level of expertise. Final ly Mann-Whitney U tests were employed to 

determine the extent of separation between ad vanced and 

intermed iate players on type, depth, and width of serve w ithin each 

s peed. 

Results and D i sc uss io n 

The results of this study are reported according to the researc h 

hypotheses o utlined in Chapter II . The means , standard dev ia ti o ns , 

and levels of significant di ffe rences for advanced and inte r m e di ate 
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players pred ic tio n scores and order of viewing are presented 1 n 

Table 1. 

Although two diffe rent orders of play speed were used du r in g 

Experiment l , an analysis of variance indicated that there was n o 

main effect for viewing order F (3, 34) = 0 .50, p > .05. T he results of 

the study did reveal a significant main effect for level F (3, 34) = 

327 .10, p < .001, but no significant inte rac ti on effect for order a nd 

level F (3, 34) = .19, p > .05. These results are shown in Table 2 . 

1. (All subjects) 

There will be no significant difference between advanced and 

intermediate tennis players in total prediction at slow play speed. 

( 1 a). There will be no significant d ifference between advanced and 

intermediate tennis players in serve type prediction scores at slow 

play speed. 

(1 b ). There will be no significant difference between advanced and 

intermediate tennis players in serve depth prediction scores at slow 

play speed. 

( 1 c). There will he no significant difference between advanced and 

intermediate tennis p layers in serve width prediction scores at slow 

play speed. 

2. (All subj ects). 

There will be a significant d ifference between advanced and 

intermediate tennis p layers in total prediction scores for type, depth, 

and width of tennis serve at regular play speed. 



Table l 

Means and Standard Deviations for Viewing Order 

Prediction Totals for Advanced and Intermediate Players 

Ord e r 

Intermed iate 

Slow 1st 

Slow 2nd 

Regul ar 1st 

Regular 2nd 

Advanced 

Slow 1st 

Slow 2nd 

Regular 1st 

Regular 2nd 

n 

l 0 

l 0 

l 0 

1 0 

9 

9 

9 

9 

M 

204 

203. 5 

161.4 

I 5 7 

214 

2 l 2 

2 00. J l 

2 01.2 2 

SD 

4 .50 

6 .0 8 

4.88 

8. 10 

7 .25 

4 . l 0 

6. 57 

6.00 
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Table 2 

F Values for Advanced and Intermediate Players Predic tion 

Scores at Slow and Regular Speed 

So urce 

O rd e r 

Le ve l 

Level & Order 

F Value 

0 . 50 

327. 10 

0 . 19 

Note: df = 3, 34; *p > .001. 

p 

.49 

. 000 1 * 

.6 8 
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The means and standard deviations fo r advanced and intermediate 

players for prediction scores for total, type, depth , and width of 

tennis serves at slow and regular speed are presented in Table 3 and 

Figures 1, 2 , 3 and 4. 

An analys is of variance between advanced and intermediate 

players for total accuracy prediction at slow and regular speed 

revealed a significant main effect for level, F (3, 72) = 309.63, p < 

.001, a significant main effect for speed, F (3, 72) = 436.56, p < .001, 

and a significant interaction effect, F (3 , 72) = 126.84 , p < .001. 

Subsequent post hoc Scheffe analyses revealed a significant 

difference between advanced and intermediate players at slow speed 

F (3 ,.72) = 23 .22, p <. 001 and also at regular speed F (3,.72) = 433.78, 

p <. 001. These results are presented in Table 4. 

In a secondary question, developed a posteriori , the researcher 

attempted to determine if advanced players always scored higher rn 

each of the sub components of the total , that is, serve type, serve 

depth, and serve width. A Mann Whitney non parametric test was 

applied to the data. The Mann Whitney U test analysed the 

separation between advanced and intermediate scores on each 

component at both speeds. The results allowed one to determine the 

probabili ty of achieving the obtained separation. The more separated 

the sample scores, the less reasonable it is to conclude that chance is 

responsible for the separation. The Mann Whitney U scores between 

advanced and intermediate players on type, depth, and width of 

tennis serves at slow and regular speed are presented in Table 5. 

The results of the Mann-Whitney test revealed a significant 

di fference in the degree of separation between advanced and 
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Table 3 

Means and Standard Deviations of Advanced and 

Intermediate Players Prediction Scores for Type, Depth, and 

Width of Tennis Serve at Slow and Regular Speed. 

Type 

Advanced (S low) 

M 69.8 3 

SD 3.07 

Intermediates (Slow) 

M 66.65 

SD 2.32 

Advanced (Reg.) 

M 65.50 

SD 3 . 5 8 

Intermediates (Reg.) 

M 41.40 

SD 3. 69 

De pth 

64 .89 

4. J 0 

6 1. 8 5 

4.54 

62.05 

4.79 

57 .40 

4.2 3 

Width 

7 8 .67 

3. 5 5 

7 5. 85 

4.23 

7 3. 11 

3 .80 

60 .40 

4 . 1 7 

Total 

213.75 

5. 79 

203.75 

5 .4 I 

200.39 

5 .88 

158.25 

7 .5 3 
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Table 4 

F Values and Post Hoc Scheffes for Advanced and 

Intermediate Players on Total Predic tion Accuracy at Slow 

and Regular Speeds. 

Condition 

Leve l 

Speed 

Level & Speed 

Advanced and 

Interm ed iates 

(Slow Speed) 

Advanced and 

Inte rme diates 

(Reg. Speed) 

Note:*p<.001 

F 

309.63* 

436.56* 

126. 84 * 

Post Hoc 

Scheffe 

23. 22 * 

43 3 .78* 



Table 5 

Mann-Whitney U Values for Advanced and Intermediate 

Players Prediction Scores of Type, Depth. and Width of 

Serve at Slow and Regular Speed. 

T y pe Depth Width 

S low Speed 

55 

Mann-Whitney U l l 2 / 3 2 3 * 124/273 13 1/27 9 

Regular Speed 

Mann-Whitney U 0/380 * 106/297* 2/373* 

Note. *Scores are significantly separate at p < .05. 
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inte rmed ia te players for serve type at slow speed, U (20, 18) = 
11 2/323 , p < .05; and between advanced and intermediate players 

with regard to type, U (20, 18) = 0/380, p < .05; depth , U (20,18) = 
106/297; p < .05; and width, U (20, 18) = 2/373 p < .05 at regular 

speed. No significant degree of separation was found between 

advanced and intermed iate players in regard to serve depth or width 

at slow speed. 

Performance percentages for the prediction of serve type, 

depth, width and totals for advanced and intermediate players are 

presented in Table 6. This is based on the number of correctly 

identified serves from a total of 90 serves. Chance levels were based 

on the number of selections required: type and width , l from 3 or 

33%; depth 1 from 2 or 50%. 

Serve type , depth, width, and total accuracy prediction scores 

for advanced and intermediate pl ayers at slow and regular speed are 

presented in Figures 5 , 6 , 7 , 8, 9, 10 , 11 and 12. 

The results of thi s study rejected the hypotheses that there 

would not be a significant difference in predic tion accuracy between 

ad vanced and intermediate players for total serve predic tion and 

serve type prediction at slow speed. However, post hoc analysis did 

support the hypotheses that there would not be a significant 

difference in predic tion accuracy between advanced and 

intermediate players for tota l serve prediction and serve type 

prediction at slow speed. However, a lthough a significant diffe rence 

still remained between the groups for total accuracy prediction , it 

should be noted that intermediate players benefited more than 
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Table 6 

Performance Percentages and Percentage Improve ment fo r 

Predic tion Accuracy by Advanced and Intermedi ate 

Players at Slow and Regular Speed 

Slow 

Ad van ced 

Inte rm e di a tes 

Reg ul a r 

Advan ced 

Inte rm e di a tes 

Impro ve m e nt 

Ad vance d 

Inte rme di a tes 

Type 

7 7 

74 

7 3 

4 6 

4 

2 8 

De pth 

7 2 

69 

69 

64 

3 

5 

Width Total 

8 7 7 9 

8 4 7 5 

8 1 74 

67 5 9 

6 5 

1 7 I 6 

Note. Chance levels for Type = 33% (1/3); Depth - 50% 

(1 /2); Width = 33% ( 1/3) ; and Total = 43% 



Figure 5. Serve Type Prediction Accuracy for Advanced 
and Intermediate Players at Slow speed 
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Figure 6. Serve Depth Prediction Accuracy for 
Advanced and Intermediate Players at Slow Speed 
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Figure 7. Serve Width Prediction Accuracy for 
Advanced and Intermediate Players at Slow speed 
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Figure 8. Total serve Prediction Accuracy for Advanced 
and Intermediate Players at Slow Speed 
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Figure 9. Serve Type Prediction Accuracy for Advanced 
and Intermediate Players at Regular Speed 
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Figure 1 O. Serve Depth Prediction Accuracy for Experts 
and Non Experts at Regular Speed 
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Figure 11 . Serve Width Prediction Accuracy for 
Advanced and Intermediate Players at Regular Speed 
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advanced players from the playing of the video at slow speed. This 

can be seen in the significant level by speed interaction and more 

clearly in Table 6 where in termedia te p layers demonstrated a 

substantia lly greater improvement in scores at slow speed in 

comparison to regular speed. 
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In a study deal ing with the predic tion of pass ing shots Buckolz, 

Prapavesis, and Fairs ( 1988) reported that pred ic tion accuracy 

differences between intermed iate and advanced p layer s did not anse 

because intermedia te players were unaware of the relevant cues. 

They sugges ted that in termedia te players seemed less able to de tect 

the presence of advance cues quickly or consistently. Should this be 

the case then one might expect in termediate players to benefit more 

than ad vanced players from the slowing down of a priori 

information. In regard to the present study this would seem to be 

the case. The resul ts of this study would suggest that the greater rate 

of improvement for the in termed iate players came from the 

increased frequency with which they were able to de tect the 

presence of re liable , advance cues 

An ANOV A and post hoc Scheffe revealed a significant 

difference be tween ad vanced and intermediate players at slow 

speed. The level of difference was not as great as that found with 

regular speed which lends some support to the notion that slower 

play speed permitted more time for cue identification. This in turn 

directly lead to increased performance on the part of the 

intermediate players. 

A Mann Whitney U test revealed a significant amo unt of 

separa tio n between advanced and intermediate players in regard to 
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serve type but not with regard to serve depth or serve wid th at slow 

s peed. 

Both advanced and intermediate players recorded small 

increases in predic tion performance for serve depth at slow verses 

regular speed. For both groups, evaluation of depth proved to be the 

most difficult component of the serve to predict. This may have 

resulted from a lack of advance cues on the part of the server, 

perhaps because both advanced and inte rmediate players utilize post 

racquet ball contact cues. Since these cues were missing, both groups 

may have lacked the consistent abi lity to identify and process 

advance depth cues. However, it should be noted that both groups, 

while finding this component the most difficult to predic t, s till 

performed at a be tte r-than-chance level. This would suggest tha t 

ad vance cues were available. What is in doubt is whether thi s 

re latively poor performance resulted simply from a lack of ability of 

advanced and intermediate players to consistently identify and 

process these cues, or from a lack of consistency on the part of the 

server in producing these cues. 

Predic tion of serve width was comple ted at a high success rate 

for both groups. It is c lear that this component of the serve was the 

one that both ad vanced and intermediate players found easiest to 

predict. As with serve type, inte rmediate players demonstra ted 

substantial prediction improvement from regular to slow play speed 

and seemed to have benefited from the additional time allowed 

during slow play speed for serve identification and processing. These 

high levels of performance by both groups may have been further 

a ided by the nature of the advance cues associated with serve width. 



T hese cues, on the part o f the server may have been harder to 

disgui se than those of serve type and may therefore have been 

easier for the receiver to identify and process. 
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T he results of this study support the hypothesis that there 

would be a significant difference in predic tion accuracy between 

advanced and intermed ia te players for type , de pth, width , and total 

serves a t regular play speed. The results confirm previous research 

findings tha t ad vanced players identify more serves correctly than 

intermedia te players and that advanced players may use more 

acc urate dec ision-making processes than intermed ia te p layers. 

Considering that only a priori information was available, 

ad vanced and inte rmed iate players performed at a level well above 

that of chance. This would suggest that advance cues were available 

which accurately forecast serve type, depth and width. This result 

may also add some support to the suggest ion that advanced and 

intermed iate players may have eq ual theore tical knowledge of which 

ad vance c ues are relevant but that they differ in their abi lity to 

de tect and/or process these cues. For advanced players , the level of 

predic tion was quite high, suggest ing tha t a priori cues were indeed 

useful , especially when noti ng tha t failure to detect the type , depth, 

or width of serve could lead directly to the loss of a point or points. 

For intermediate players, the level of predic tion a t regular speed was 

somewhat lower than those of the advanced group but was still at a 

bette r- than-chance level. 

Not only d id advanced and intermediate p layers d iffer in their 

levels of prediction , they also differed in their re lative abil ity to 

predict specific aspects of the serve. This can be seen clearly rn 
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Fig ures 9, 10 , 11 , 12 and in Table 5. Advanced and intermediate 

players demonstrated the least amount of difference in regard to 

depth and the most with regard to type. It is interes ting to note tha t 

the least amo unt of difference occurred for depth. Many subjects, 

both advanced and intermedia te players, repo rted depth to be the 

most difficult component to de tect. With regard to depth it sho uld be 

noted that there were only two choices (shallow or deep). Therefore 

the chance level was fifty and this may have served to exaggerate 

absolute scores. For example advanced players were 40% above 

chance with regard to type of serve predic tion , 4 8% for width, but 

only 19% for depth. At the same time intermediate players were 13% 

above chance for type, 34 % for width , and 14% for de pth. These 

resul ts confirm the difficulty expressed by both groups and would 

suggest that a priori cues had little influence for both advanced and 

intermediate players with respect to depth predic tion. Thi s in turn 

would suggest tha t depth predic tion is strongly de pendent on post 

contact cues. 

Figures 1 and 2 clearly demonstrate that the greatest 

difference between ad vanced and in te rmediate players was to be 

found in regard to serve type predic tion. Intermediate players fo und 

serve type the most difficult component to predict whereas advanced 

players were reasonably adept at predic ting serve type . The re may 

be a number of reasons for this. First, with regard to type of serve 

there would seem to be a number of important ad vance cues. These 

include differing body and racquet positions for different serves. It 

may have been the case that intermediate players selected and/or 

processed the wrong cues. Goule t, Bard and Fle ury (1989) reported 



that in preparing to return a serve, ad vanced and inte rmediate 

players use diffe rent scanpaths. They revealed that advanced 

players use cues associated with the general body position of the 

server whereas inte rmediate players foc used on the server 's head . 

Advanced players used information issued from the racque t and 
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from the arm holding the racquet. In termediate players , on the o ther 

hand focused almost entire ly on the ball. According to Goule t, Bard , 

and Fleury ( 1989) this difference in visual search strategy could help 

explain the diffe rence in the number of correctly identified serves. 

It would the refore follow that knowledge of the most informative 

cues, with regard to serve type , is imperative. 

Another vari able that may contribute to d ifferences m 

performance between advanced and intermediate pl ayers with 

regard to serve type prediction is information-processing speed . 

Intermedia te players may well have knowledge of. or be given 

knowled ge about, important advance cues. However, if not only their 

detecting, but also their processing of these cues m a time constraint 

situation is slow, the ir resulting performance, in comparison to 

advanced players, wi ll be poorer. In regard to serve type prediction 

it may well have been the case tha t the number of important 

advance cues to process was more than in serve depth and width. 

This coupled with an intermediate slowness 111 serve detection and 

informatio n-processing would have res ulted 111 poorer pe rformance. 

This suggestion is supported by Buckolz, Prapaves is, and Fairs 

( 1988). In the ir study which examined the use of advance c ues and 

the pass ing shots of advanced and inte rmedia te players, it was 

revealed that both advanced and intermediate players reported 
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usmg the same cues. It was sugges ted by the researchers that while 

intermediate players knew which cues to look for, they were less 

effi c ient than advanced players in detecting their presence under 

regul ar speed condi tions . 

In terms of prediction accuracy both advanced and 

inte rmediate players did best in regard to serve width. The ad vance 

cues which went with each serve width were few and re latively c lear 

and as a result predic tion performance was good for both groups. It 

should be noted however, that ad vanced players sti ll predic ted a t a 

level sig ni ficantly greater than that of inte rmediate players. 

3. (Advanced only) 

There will he a significant relationship between slow and regular 

play speed prediction scores fo r advanced tennis players in type, 

depth, width, and total serve. 

Predic tion accuracy for type, depth, width and total serve by 

each advanced subject, at slow and regular speed , a re presented in 

Figures 13, 14 , 15 , and 16. 

Pearson's product moment coeffic ient of corre lation revealed 

significant re latio nships between ser ve type prediction by ad vanced 

players at slow and regular speed , r(36) = .798, p < .05; serve depth 

predic tion by advanced players at slow and regular speed , r(36) = 

.870, p < .05; serve width predic tion by advanced players a t slow and 

regular speed , r(36) = .770, p < .05; and total serve prediction by 

advanced players at slow and regular speed , r(36) = .703, p < .05 . 

These resul ts are presented in T able 7. 
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Figure 14. Prediction Accuracy for Serve Depth at Slow 
and Regular Speed for Advanced Players 

Q 
■ 

■ ~ ■ 
■ 

■ 
□ 

■ 
■ 

~ D ■ 

~ □ 
□ 

□ 
■ 

□ ■ □ 
□ ~ □ ■ □ 

□ 

~ 

□ 

0 --i-------r--t--t---t--t---t--t--i--t--+--t--+--+--t---t-- t-----+-- ➔ 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Subjects 

73 



74 

Figure 15. Prediction Accuracy for Serve Width at Slow 
and Regular Speed by Advanced Players 
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Figure 16. Total Prediction Accuracy for Advanced 
Players at Slow and Regular Speed 

• 
• • • • • 

• • • 
• • • • • D 

D • D D 
D D D D 

D D D D D D 

D 

[ ■ Slow D Regulij 

• 
• 

D 

• 
D D 

1 0 0 +----t---+--------+--+--------+--+------+- t---+---+--+---t--+---+--+-+- I --1 

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Subjects 

75 



76 

Table 7 

Relationship Between Type, Depth, and Width of Serve 

Prediction for Advanced Players at Slow and Regular Speed. 

Condition n. r 

Advanced 3 6 

Type .798* 

D epth .870* 

Width .77 0 * 

Total .703* 

Note. *Relationships are significant at 12 < .05. 
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The results of this study support the hypothesis that there 

would be a significant re lationship between slow and regular play 

speed fo r advanced players prediction scores for serve type, depth , 

width and total. The re lationship be tween slow and regular speed for 

each component was fou nd to be strong. The extent of these 

re lati onships can be seen qu ite clearl y in Table 7 and Fig ures 13, 14, 

15, and 16. T he results a lso revealed that the decrease in play speed 

had the effect of improving performance for a ll subjects and that 

improvement was in a uni form fas hion. 

4. ( Intermediate players only). 

There will he no significant relationship between slow and regular 

play speed prediction scores for intermediate tennis players in type, 

depth, width, and total serve. 

Pred iction accuracy for type, depth , width and total serve by 

each intermediate subject, at slow and regular speed , are presented 

m Figures 17, 18, 19 , and 20. 

Pearson's product mo ment coeffic ient of corre lation revealed 

signifi cant re la tionships between serve type predic tion by 

intermediate pl ayers at slow and regular speed, r(38) = .545, p = < 

.05; serve depth prediction by intermediate players at slow and 

regular speed, r(38) = .601, p < .05 ; serve width predic tion by 

intermediate a t slow and regular speed , r(38) = .619 , p < .05 ; and 

total prediction accuracy r(38) = .575 , p < .05. These results are 

presented in Table 8. 



Figure 17. Prediction Accuracy for Serve Type at Slow 
and Regular Speed by Intermediate Players 
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Figure 18. Prediction Accuracy for Serve Depth at Slow 
and Regular Speed by Intermediate Players 
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Figure 19. Prediction Accuracy for Serve Width at Slow 
and Regular Speed by Intermediate Players 
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Figure 20. Total Prediction Accuracy for Intermediates 
at Slow and Regular Speed 
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Table 8 

Relationship Between Type, Depth, and Width of Serve 

Prediction for Intermediate Players at Slow and Regular 

Speed. 

Condition n. r 

Inte rmediate 4 0 

Type .545* 

Depth .60 l * 

W idth .619* 

Total .597* 

Note. *Correlations are significant at l2 < .05. 
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The resul ts of this study revealed significant correlation 's between 

play speeds for the components of serve type, depth, width, and total 

predictions. These correla tion· s, although strong, were not as high as 

those recorded for the advanced group. This would suggest more 

variability with regard to individual improvement. 

T he results of Experiment 1 would sugges t tha t there was a 

difference Ill the skills of advanced and intermediate tenni s players 

to accurately predict tennis serve type, depth, and w idth. The second 

part of this study attempted to answer the q uestion as to whether 

serve identification practice, by means of video presentation , could 

aid the on-court performance of intermediate players. 
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CHAPTER IV 

Research Methods, Results, and Discussion of Experiment II 

Subjects 

The subjects were three males and three females and they 

were all of an inte rmedia te level. They a ll had partic ipated in 

Experiment I 

Procedure 

Pre Treatment. Each subject returned , or attempted to return twenty 

tennis serves pe r session. The same serve r was used for all sessions 

and e ighteen d ifferent serves were included in the twenty. The 

package of serves consisted of the following: 

1. Three types of serve - flat, top spin, and sliced; 

2. Three diffe re nt landing positions - cente r line, middle of the 

receiving court, and ins ide tram line; and 

3. T wo differing depths - sha llow and deep. 

Note. All serves were into the r ight serve reception box and two of 

the serves were repeated , giving a total of twenty. (Twenty serves 

were used so as to permit a maximum accuracy prediction score of 

I 00). 

The return of each serve was evaluated in the following 

man ne r: 

(a). Five points were awarded for a re turn of serve which landed on 

the opponent' s s ide of the court within the boundary lines; 



(b). Four points were awarded for a re turn of serve which either 

went over the net but landed outside the opponents court or went 

directly, w ithout bouncing, into the net; 
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(c). Three points were awarded for a re turn of serve which landed on 

the re turnees side of the court; 

(d). Two po ints were awarded for a re turn of serve which did not go 

over the net nor land any where within the court; and 

(e). One po int was awarded for moving in the direction of the serve. 

(f). No points were awarded for not hitting the ball or movmg in the 

direction of the serve. 

Feedback in the form of a point score was given immediately 

following each serve. The number of sessions per subject depended 

on when stability of performance was reached. Once a rela tively 

stable baseline was achieved the subject moved to the intervention 

ph ase. 

Intervention ( Modified Changing- Criterion Design). Subjects were 

required to view, on a monitor, twenty serves selected from the 

orig inal video tape of 108 serves. Immediately following occlusion 

each subject gave their predic tion as to the type, depth , and landing 

positi on of each serve. As a means of evaluation, each correctly 

identified serve was again worth three points (one point for 

identi fying each specific e lement). Therefore , for twenty serves it 

was possible to obtain a maximum of 60 points. 

T he film was played at fi ve different speeds, beginning with 

the slowest speed first. To progress to the next speed a subject had to 

score 45 or more points, at least twice in succession, at each of the 
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played speeds. (A score of 45 represented a level of 75% accuracy rn 

prediction. This was the mean level achieved by advanced players 

when viewing the original video tape in Experiment I). 

T he film speeds were 1/30, 1/20, 1/1 0/, 1/5 and 1. The 

numbers represented the multiply ing factors of the play back speed , 

where the normal playback speed was J . Once a subject consistently 

scored 45 points at normal speed the treatment period was 

terminated for that subject. When viewing each serve, players were 

asked to stand three meters back from and fac ing the te levision 

monitor. They held a tennis racquet and as they watched each serve 

they were asked to not only orally respond to the serve but to 

physically comple te an appr opriate response. 

The basic changing-criterion design begins with a baseline 

phase which in turn is followed by intervention. During the 

intervention phase a c ri terion is set for performance. If performance 

meets or passes the criterion, a consequence is provided. If 

performance consistently meets the criterion, the c riterion is 

changed. When the new criterio n is reached and performance 

stabilizes at this new level the criterion is again shifted. 

T he underlying rationale of the changing-cri terion design is 

that the intervention is responsible for change and that performance 

wou ld be expected to follow the shifts in the criterion. However, the 

design implemented in thi s study was a modified changing criterion 

design. It differed from the basic model in the follow ing manner: 

• The set level of performance remained constant and the 

condition s gradually changed. 
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• The measure of perfo rmance was confounded by the crite rion 

itself. For example , should a subject score consistently high at a 

certain speed it cannot be assumed that they would not have 

achieved this performance at a fas ter play speed. However, a fall 

in a subjects performance followed by improvement during 

e xposure to each successive criterion would suggest that the 

modified changing-criterion design was having an effect on 

behaviour. 

Post Treatment. When all the requirements of the treatment sess10ns 

had been fulfilled each subject then participated in a number of post 

treatment trials. The procedure was identical to that of the pre 

treatme nt phase and continued until stability in performance was 

demonstrated. Stability levels of pre and post phases were then 

compared by assessing mean shift change, changes in level, changes 

in variability , and percentaage of overlapping points. 

Results and Discussion 

The purpose of thi s portion of the study was to assess the 

effect that the video training intervention had on the ability of 

players to return tennis serves. T he average serve re turn 

performance on each trial for each subject during the two phases of 

Experiment 11 is outlined in Table 9. 

T he mean shift, change in level, percentage of overlapping 

points, and change 111 variability from pre to post interventio n for a ll 

subjects are shown 111 Table 10 . 
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These results demonstrated that there was a clear intervention 

effect for all subjects. There was a positive mean shift for all six 

subjects from pre to post intervention; fi ve subjects demonstrated a 

positive change in level , fou r subjects demonstrated an percentage 

overlap in points of less than 30 percent, and four subjects 

demonstared a decrease in variability. 

Serve prediction accuracy during interventi on for each subject 

at fi ve video play speeds are presented in Figures 21, 22, 23, 24 , 25, 

and 26. 

Subject 1. Serve re turn performance increased from a mean of 40.62 

during pre intervention to 46.20 during post intervention (Figure 

27). This represented a 6. 16 point or 15 .1 2 percent increase in serve 

return performance. This subject de monstrated an improvement 

both in performance and consistency of performance from pre to 

post intervention. The subject perfo rmed particularly well during 

the first trials of the pre intervention phase. These scores were 

similar to values recorded later during the post intervention stage. 

This would suggest that prior to the intervention thi s subject had the 

abil ity to perform at a level that would later be revealed during the 

post in tervention phase. Thi s would suggest that intervention served 

to develop consistency in performance rather that raise the 

performance of the subject to dramatic heights not previously 

attained. Therefore , for subject 1 it may have been the case that 

intervention more directly influenced consistency in perfo rmance 

ra ther than absolute improvement in performance. 



89 

Table 9 

Means and Standard Deviations of Serve Return 

Performance for Pre and Post Intervention Conditions in 

Experiment II 

Pre Inte rvention Post Inte rvention 

S ubj ect M SD M 

l 40.62 3 . 77 46.20 

2 40 . 3 l . 25 46. 77 

3 41. 91 4.46 45 . 7 5 

4 39. 92 3. 4 3 47 .50 

5 34. 7 5 2. 08 39. 28 

6 4 3. I 7 3. 18 50.60 

Note: Means are signifi cantly different at p < .05 

{t (10) = -3.07, p < .0 1} 

SD 

2.36 

2.35 

2.5 3 

4.25 

l . 3 8 

0. 89 
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Table l 0 

Mean Shift, Change in Level, Percentage of Overlapping 

Points, and Change in Variability from Pre to Post 

Intervention Conditions in Experiment II 

M e an 

Subject Shift 

l 5 . 5 8 

2 6.03 

3 3 .84 

4 7 .5 8 

5 4.53 

6 7 .43 

Change Change in 

in Level Variability 

0.00 - l . 4 l 

1. 20 1.10 

l. 0 3 - l. 9 3 

l. l 0 0.82 

1.05 -0. 70 

l. 02 -2. 2 9 

Percentage of 

Overlapping 

Points 

56. 25 

7.70 

100.00 

20.00 

29.00 

0.00 
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Figure 27. Serve Return Performance for Subject 1 
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Subject 2. Serve return performance increased from a mean of 40.30 

during pre intervention to 46.77 during post intervention (Figure 

28). This represented a 6.47 point or 16.05 percent increase in serve 

re turn performance. An examination of the standard devia tions 

suggested that not only was intervention associated with an increase 

in serve- re turn performance, but also with a decrease in the level of 

post intervention consistency. This subject demonstrated a clear 

improvement in performance although not in consistency of 

performance from pre inte rvention to post intervention. Pre 

intervention was characterized by very stable, consistent 

performance. Post intervention was characterized by a clear 

improvement in performance and altho ugh performance lacked the 

consis tency of pre intervention all scores recorded during the post 

intervention stage were equal to or greater than the highest value 

recorded during pre intervention. This would suggest that 

intervention may have had an effect on the absolute performance of 

this subject. 

Subject 3. Serve re turn performance increased from a mean of 41.91 

during pre intervention to 45.75 during post intervention (Figure 

29). Thi s represented a 3.84 or 9.16 percent increase in ser ve return 

performance. Standard deviations would suggest that a ltho ugh the 

increase in serve re turn performance from pre to post intervention 

was relatively small , consistency in performance d uring the post 

intervention phase increased quite markedly. As with Subject 1 this 

subject did particularly well at the beginning of the pre intervention 

stage before performance declined and leveled off. Post-intervention 

measures revealed higher mean performance and greater 
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Figure 28. Serve Return Performance for Subject 2 
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Figure 29. Serve Return Performance for Subject 3 
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consistency 111 performance. It should also be noted that none of the 

scores recorded during the post intervention stage were equal to or 

greater than that value recorded in the fi rst trial during pre 

intervention. T his result suggests that the intervention did not have 

an effect on absolute performance but rather on consistency of 

performance. (It would also sugges t that the high first value 

recorded by the subject occurred because the subject was excited , 

motivated , and keen with regard to experiment participation; a 

Hawthorne Effect. 

Subject 4. Serve return performance increased from a mean of 39.92 

during pre intervention to 47 .50 during post intervention (Figure 

30). T his represented a 7.58 or 18.99 percent rncrease 111 serve 

return performance. This subject revealed a relatively slow but 

steady decline in performance across the pre intervention phase and 

a slow but steady improvement throughout the post intervention 

stage. Performance could not be described as ever being stable 

although the decline and later improvement could be described as 

being consistent. What is clear is that pre and post intervention 

performances are different. It wou ld therefore seem possible to 

suggest that intervention did have an effect on post performance. 

Thi s influence was evident throughout the post intervention stage. 

Subject 5. Serve return performance increased from a mean of 34.75 

during pre interventi on to 39.28 during post intervention (Figure 

31). This represented a 4.53 or 13. 18 percent increase in serve 

re turn performance . Standard deviations would suggest that 

consistency in performance remained relatively high across both pre 

and post inte rvention phases. 
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Figure 30. Serve Return Performance for Subject 4 
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Figure 31. Serve Return Performance for Subject 5 
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T his subject revealed a small improvement in performance from the 

beginning of the study until its conclusion. However, it is difficult to 

see any clear effects for intervention. Although mean post 

performance is higher than that of pre intervention this difference 1s 

relatively small (4.5 %). A similar conclusion can be made with 

regard to consistency improvement. Therefore, with regard to this 

subject it is difficul t to demonstrate that the subtle differences would 

not have occurred without inte rvention . 

Subject 6. Serve return performance inc reased from a mean of 43.17 

during pre intervention to 50.60 during post intervention (Figure 

32). This represented a 7 .02 or 16.57 percent increase in serve 

return performance . Standard deviations would suggest tha t 

consistency in performa nce also increased from pre to post baseline 

conditions. T his subject remained at baseline for 18 of 23 trails. 

Baseline was characterized by an improvement in the consis tency of 

performance. In the early stages of pre intervention this subject 

displayed relati vely high but inconsistent performance. However as 

the subject became more accustomed to the testing procedure 

performance and consistency gradually improved. This pattern of 

improvement continued m the post intervention stage. As with 

Subject 5 it is difficult to conclude that intervention had a s ignificant 

effect. 

The results of this study support the hypothesis that there 

would be a signi ficant difference between pre and post interventi on 

scores with regard to on court serve return performance. The pre 

and post intervention phases followed a multiple baseline design 

which revealed that regardless of the pre intervention baseline 
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Figure 32. Serve Return Performance for Subject 6 
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length , or the length of intervention, all six subjects demonstrated an 

increase in serve re turn performance during the post intervention 

phase. Thi s replication across all six subjects would sugges t that the 

interventi on did have a positive effect. 

It should be noted that ball flight information which was 

avai lable 111 pre and post sessions was not available during 

in tervention. For all subject's ,+ performance was shown to increase 

from pre to post intervention phases although not a ll increases in 

performance were accompanied by an increase in the consistency of 

performance. 
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The results of thi s study support previous findings reported in 

the literature (Abernethy, 1989; Day, 1980; Goulet, Bard & Fleury , 

1989; Issacs and Finch, 1983; Starkes and Deakin, 1983; Starkes and 

Lindley, 1994) which indicate that advanced players are more 

accurate in predic ting future outcomes than intermediate players . 

Experiment 1 revealed a significant difference in total accuracy 

predic tion performance between ad vanced and intermediate level 

players at both slow and regular speeds for serve type-, depth-, and 

width-predic tion at regular speed , and between advanced and for 

serve type prediction at slow speed. These results would sugges t tha t 

at slow speed intermediate players, in comparison to advanced 

players, did not find serve depth and serve width predic tion 

significantly more difficult to predic t. These results are in part 

supported by Issacs and Finch (1983) who reported that width c ues 

are the easiest cues to detect and by Abernethy ( 1989) who reported 

that advanced and intermediate groups found width ( lateral 

prediction) easiest to de tect. Thus one might expect intermedia te 

players to find w idth to be be easiest of the three components to 

predict. The relative ease of serve width detection m ay have resulted 

from the possibility that serve width ad vance cues often involve 

whole body movements which tend to make them diffic ult to 

disguise and re la ti vely easy to detect. 

Day ( 1980) reported a similar finding with regard to serve 

prediction in junior tennis players. This study revealed that lateral 



108 

cues were easiest to detect and that prediction accuracy was best in 

this a rea. Day a lso reported that depth cues were not as easy to 

detect as width cues and correspondingly prediction accuracy rates 

in this area were not as high as for those of width . The present study 

supports this finding. It should also be noted that both groups 

anecdotally reported that depth prediction was the most difficult. 

This difficulty however was somewhat masked by the fact that the 

serve receiver only had two choices (deep or shallow) and that a 

good g uess had a high probabili ty of being correct. Nevertheless, 

there a re two possible reasons why depth prediction proved to be 

anecdotall y the most difficult. It may have been that that depth was 

difficult to detect from video, and secondly, that ball flight, which 

was not present in this study, contains cues which aid in depth 

perception. This second suggestion has been put forward by 

Abernethy ( 1989) who argued that early fli ght cues help width 

prediction whereas later cues a id in depth predic tion . T his is 

supported by Lee ( 1980) who suggested that by making use of tau, a 

player can calculate when a ball wi ll reach him. In this study since 

ball flight was occluded on racquet contact, tau was not available. 

The greatest d ifference in performance between advanced and 

intermediate players occurred with regard to serve type prediction. 

Even at slow speed there was still a significant difference in 

performance between advanced and in termediate players and this 

suggests that superior predic tion by advanced players resu lted from 

their skill at using earlie r info rmation. Abernethy ( 1989) reported 

that there was no difference in the cue usage of badminton players. 

In other words, ad vanced and intermed iate players e mployed simil ar 
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advance cues and similar search patterns. This in turn supports the 

contention that diffe rences be tween advanced and intermediate 

players 1s a perceptual and information-processing speed problem. 

Goulet, Bard and Fle ury (1989) lend support to this position by 

suggesting that in returning a tennis serve, information is often 

presented too rapidly for inte rmediate players to make a correct 

response. In other words the problem of serve type identification 1s 

not necessarily one of vision or scanpaths but rather one of 

in formation-processin g speed. 

There are a number of possibi lities as to why advanced players 

did be tte r with regard to serve prediction than intermediate players . 

Blundell (1984) reported that champio nship level and intermed iate 

level tennis players were significantly fas ter in respect to reac tion 

time and movement time than beginning players, with regard to 

standard reaction time tests . However, in cases where long previews 

of ball fli ght are permi ssible , reaction time probably has very little if 

any influence on performance. Furthermore, the notion of advanced 

players having some form of superior hardware has also been 

rejected in the literature (Cockerill and Callington, 198 1; Starkes and 

Deakin, 1984 ). Goule t, Bard, and Fleury (1 989) reported that when 

advanced and intermediate subjects were compared on non- task­

specific abilities such as static acui ty, depth perception, range of 

pe ripheral visual fie lds, react ion time, and coincident-antic ipation 

ability, no significant differences emerge. Only when compared 111 

domain specific abilities did advanced players show significant 

differe nces. 
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Goulet , Bard , and Fleury (1989) have reported that advanced 

players use information differently and need less information to 

identify the type of serve presented . Moreover, their decision time ts 

shorter than that of intermedi ate players. The present study lends 

support to thi s findi ng. Results revealed that at regular play speed , 

advanced players had less difficulty in serve identification than 

in termediate p layers. At slow speed the disparity between the two 

groups was not as great .. 

To explain this finding, it has been sugges ted that advanced 

players are simpl y more proficient at decision-making than 

intermediate players. Serve predic tion involves choices and 

according to Miller (1974) choice making involves the selec tion of an 

alternative response to a given state of affairs. Miller further pointed 

out that the classes of information that enter into decision-making 

include: (a) situation variables; (b) goal variables; (c) response 

alternatives; and (d) choice making polic ies or rules. For advanced 

tennis players specific advance cues often produce a regularized 

structure. This in turn leads to a specific number of responses 

resulting in the res triction in the number of response alternatives 111 

addition to the limited processing of new ones. Consequently , among 

the many potential situation variables tha t might be sampled, 

re la tively few remain operative, thus promoting proficiency in 

dec ision-m aking. 

It has been shown by Samela and Fiorito (1979) 

that the success of motor acts is often determined by the effic ient 

resolution of earlie r problems such as detection and tracking. 

Advanced players tend to be more proficient at this task than 
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intermediate players . Information occ urring later in ball fli ght would 

seem to be only confirmatory. Abernethy and Russell (1987) have 

suggested that this confirmatory nature of later cues is much more 

important to the inte rmediate than the advanced player. In this 

present study it may have been the case that intermediate players 

lacked confidence in decisions made on the bases of earl ier, advance 

cues and that later cues, when available, served to confirm earlier 

decisions. For the advanced player however, these later confirmatory 

cues are not required. The cues are therefore redundant and not 

utilized by the advanced player. Ripoll (1991) supported this position 

and suggests that a feeling of uncertainty often prohibits the 

intermediate from planning ahead. However, Carlton (1981) argued 

that later cues can play a role over and above that of confirmation. 

He sugges ted that the time needed to process visual information and 

to use thi s information may be faster than previous estimates. It is 

arg ued that response adjustments can take place with relatively 

short latencies and that ongoi ng responses may be closed through 

closed-loop feedback mechanisms. Carlton (] 991) further suggested 

that corrections that require additional ac tivation of an already 

active musc le occur more quickly than muscles requiring 

deactivation of an active muscle and activation of a new muscle . This 

supports the contention that later cue information may play a role 

greater than that of mere confirmation. 

There has also been criticism of the type of testing procedure 

employed in this present study. Jones and Miles (1978) argued tha t 

one cannot be sure tha t a person's response to a film would be the 

same as their response to the real thing. They pointed out that film 
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and video play, 111 addition to lacking time of ball a rrival, does not 

contain correct depth cues, nor require response execution. Mestre 

and Pailhous (1 992) supported this position and further point out 

that in the playing environment ball flight might be important for 

continual adjustment of response. Thi s suggestion is in turn 

supported by Carlton (1 99 1 ). 

In response to these critic isms a number of researchers, 

including the present one, have attempted to study antic ipation and 

perception in the sporting environment, with the intention of 

de termining whether anticipatory skills can be learned (Burroughs , 

1984; Christina, e t al. , 1990; Day , 1980; Haskins, 1965; Londeree, 

1964; Starkes & Lindley, 1994) . Christina, e t al. reported that video 

training was an effective method for improving response selectio n 

accuracy in football linebackers and that this could be achieved 

without sacrific ing response selection speed. In a similar study 

Starkes and Lindley ( 1994) reported tha t structured video training 

can be a useful supplement to regular on court training . T hey 

reported that video training can be effective in increas ing the 

accuracy of decisions made by players in addition to reducing 

decision time. However, Day (1 980) reported tha t video training for 

tennis had not resulted in any significant improvement in on court 

performance. Day suggested that this may have resulted from his use 

of advanced players and that on court improvement, as a result of 

video training, may be more clearly seen with intermedia te players. 

The present study examined the influence of video training on 

intermediate tennis players with assessment occurring on the court. 

The results of the study do lend some support to the suggestion that 



I 1 3 

video training may be a benefic ial supplement to on court training . 

However , although a significant pre and post interventi on effect was 

reported , as with the Starkes and Lindley (1991 ) s tudy the effect of 

video train ing is still inconclusive. For a number of subjects, thi s 

present s tudy did seem to inc rease the accuracy of on court decisions 

and from this one may infe r that that the re was a corresponding 

decrease in dec ision-making time. When asked anecdotally about 

changes in performance, a number of subjects reported that during 

the post intervention trials they felt more confident about their 

ability to identify and return serves. This growth in confidence may 

have resulted from the development of a more constant, struc tured 

pe rceptua l environment which in turn may have produced a 

decrease in redundant searches and processing. This development of 

a more structured perceptua l environment may be one of the 

benefits of video tra ining transfer. 

The results of this s tudy revealed that there is a significant 

difference between ad vanced and i ntermediate players for 

prediction accuracy regardless of play speed. However, this 

diffe rence in performance is somewhat smaller a t s low speed which 

sugges ts that the difference in pe rformance between advanced and 

inte rmediate p layers' may result from info rmation-processi ng 

differences rather than visual searc h diffe rences. 

In the second part of the study, there is guarded support for 

the contention that video tra ining can be a supplement to on court 

training for serve return. Significant diffe rences between pre and 

post on court pe rformances would seem to sugges t that video 

training , in some part, transfe rs to the actual task. Thus, while video 
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training should not re place phys ical training, it may be a be ne fic ial 

addition or te mporary substitute to on court prac tice. 
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Totals___ _ __ _ 
Speed _________ _ _ 
Subject # ____ _ Expert _____ _ 
Slow 1st ___ _ Date 

--------------------------------
Serve# Sequence 
1 S - D - M 
2 F - M - W 
3 TS-D - T 
4 S - M - M 
5 F - D - W 
6 TS-M - T 
7 S - D - W 
8 F - M- T 
9 TS-D - M 
1 0 S - M - W 
1 1 F - D - T 
1 2 TS - M - M 
1 3 S - D - T 
1 4 F - M - M 
1 5 TS-D - W 
1 6 S - M - T 
17 F-D-M 
1 8 TS- M - W 
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Serve# Sequence 
19 S - D - M 
20 F - M - W 
2 1 TS-D - T 
22 S - M - M 
23 F - D - W 
24 TS-M - T 
25 S - D - W 
26 F - M- T 
27 TS-D - M 
28 S - M - W 
29 F - D - T 
30 TS - M - M 
31 S - D - T 
32 F - M - M 
33 TS-D - W 
34 S - M - T 
35 F - D - M 
36 TS- M - W 
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Serve# Sequence 
37 S - D - M 
38 F - M - W 
39 TS-D - T 
40 S - M - M 
4 1 F - D - W 
42 TS-M - T 
43 S - D - W 
44 F - M- T 
45 TS-D - M 
46 S - M - W 
47 F - D - T 
48 TS - M - M 
49 S-D-T 
50 F - M - M 
5 1 TS-D - W 
52 S - M - T 
53 F - D - M 
54 TS- M - W 
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Serve# Sequence 
55 S - D - M 
56 F - M - W 
57 TS-D - T 
58 S - M - M 
59 F - D - W 
60 TS-M -. T 
61 S - D - W 
62 F - M- T 
63 TS-D - M 
64 S - M - W 
65 F - D - T 
66 TS - M - M 
67 S - D - T 
68 F - M - M 
69 TS-D - W 
70 S - M - T 
71 F - D - M 
72 TS- M - W 
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Serve# Sequence 
73 S - D - M 
74 F - M - W 
75 TS-D - T 
76 S - M - M 
77 F - D - W 
78 TS-M - T 
79 S - D - W 
80 F - M- T 
8 1 TS-D - M 
82 S - M - W 
83 F-D - T · 
84 TS - M - M 
85 S - D - T 
86 F - M - M 
97 TS-D - W 
88 S - M - T 
89 F - D - M 
90 TS- M - W 
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INFORMED CONSENT 

I understand that the purpose of this study is to examine 
anticipation ability with regard to the return of serve in the 
game of tennis. 

I confirm that my participation as a subject is entirely 
voluntary. No coercion of any kind has been used to obtain 
my cooperation. 

I understand that I may withdraw my consent and 
terminate my participation at anytime during the study. 

I understand that all results will remain confidential, and 
that if requested the data will be destroyed after analysis. 

Signature: _ _ _____ ____ _ 

Date: __________ _ 

• . ... . 
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