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ABSTRACT 

The purpose of this study was to examine the effects of two type~ of vldcolape 

instructions on the resequencing performance of female lennis playcrs at the 

novice, low, medium, and elile skill levels. Rescqllen~1f1g performancc on the 

tennis serve and forehand drive was exammcd. Tinee diffcrcnt trcalmenl 

conditions were administcred: a control group was rcquircd to ~il1lply rcscqucnœ 

the twelve still photographs of the tennis serve, anothcr group were pre~cntl..:d a 

videotape replay of the tennis serve played at regular spccd, then Ihrcc 11I1l1..:~ III 

slow motion and then a tinal showmg at rcgular spccd, and a tlllrd group VICWl..:d 

a videotape replay augmented by skIlI cues. A posttest was adllll!ll\tcrl..:d. 

Slmilar procedures were carried out for the forehand drive. The rc')ult'i II1dlcatcd 

that the resequencing performance was related to expertise in tennIs. The slow 

motion and slow motion replay with augmented informatIon treatl111..:I1ts Il11prowd 

the resequencIng performance of all the players on the tennis serve but not 011 thc 

forehand drive. 
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RESUl\1É 

L'obJct de la présente étude était le suivant: examiner l'incidence de deux types 

d'JOstructions vidéo sur les résultats obtenus par des joueuses de tennis (niveaux 

novice, débutant, Intermédiaire et expert) chargées de remettre en ordre des 

photographlcs représentant un servIce et un coup droit. Les circonstances de test 

et les groupcs étaicnt au nombre de trois. Un premier groupe témoin devaIt 

sllnplemcnt reclasser douze images d'un service. Un second groupe regardait une 

bande vidéo montrant le geste ~ cinq reprises: d'abord à la vItesse normale, puis 

trois fOIs au ralcnti et enfin de nouveau à la vitesse normale (premier type). Le 

troisième groupe regardait une bande vidéo enrichie de brèves légendes (deuxième 

type). L'épreuve de reclassement avait lieu par la suite. On suivait la même 

méthode pour le coup droit. D'après les résultats, l'aptItude à reclasser relevait 

de la connaissance du tennis. Par ailleurs, les ralentis et les ralentis avec 

légendes permettaient à toutes les joueuses d'améliorer leurs résultats pour le 

service, mais non pOUf le coup droit. 
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CIL\PTER 1 

I~TRODUCTIO;\; 

The sport of tennis has enJoyed Immense popularity since its ongllls dunng the 

Middle Ages. and its popularity continues to grow (Schickel. 1975). The puhllc'~ 

fascination with tenms has Icd coaches and rcsearcher~ Ilnvard more IIHkplh 

studies of how tennis skills may be acqlllred and enhanccd 111 an effort 10 f.lcllilale 

skill acquisition in tennis players at ail Ievels. 

Throughout the modern era, tenl1ls has secn an Impre~'ilve 1I1crea\e III player 

participation (Schickel, 1975). This tremendous Il1crease JI) partlclpallon ha'i 

given rise to a variety of teaching mcthodologics (Van Der ~ker. 1974, 1975, 

1976, 1982, 1984; Murphy, 1976; Kentïeld, 1964) aJnlCd at IlllproVlI1g lechlllcai 

and strategic tennis play. The devclopment of a National Tenms Ratlng Progr.11l1 

(see Appendix A) has also been a slgniticant factor 111 the teaching of tcnrm 10 

players at ail levels. 

Although the foeus of modern tennis has been on the phy~lcal ll11provcmcnt 01 

tennis skills (Van Der Meer, 1974, 1975, 1976, 1982, 1984; Murphy, Jl)76; 

Kenfield, 1964; Braden, 1977), recent research has glvcn new 1I1~lght\ ahout how 

tennis teachers, physical educators, and coaches might hclp Icarncrs acqlme tennl) 

T 
1 
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~kJ!J.., and the conceptual knowlcdge base that underlies the effective playing of 

Thomas, French and Humphries (1986) suggest that recent research on the nature 

of domam specifie knowledge provides important insight on how specifie sport 

~kllls arc Icarncd. They observe that the shift from task-oricnted to process-

onentcd ~tudles in sklil learning has raised two Issues in research in this tïeld. 

The tirst being whcthcr one can transfer the results of laboratory studles on the 

processes governing skilled action to ecologlcally-valid sports situations. The 

second being that there IS very little information from which to examine 

knowlcdgc base dcvelopment and ItS effeets on the acqUisition of expertise withrn 

a given sport. They contend that prevlOus research in non-sport environments 

may have unplIcatIOns for the development of sport skills. The authors suggest 

that the structure and organizatIOn of a person 's knowledge base in sport 

envlronmcnts may be slmilar ta the knowledge network in cognitive sport 

domains. 

Wall et al (1985, 1986, 1988) pre!lented a knowledge-based approach ta skill 

acqmsltlon by dlstinguishlllg between two major categories of knowledge about 

actIOn; namcly, structural capacity and acquired knowledge. They suggest that 

acql1lred knowlcdge may be broken down lOto five major knowledge types whieh 

IJ1tcract dunng motor lcarning and performance; namely, procedural, declarative, 
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affective and mctacogllltl\'c knowlcdgc as wdl as Illct,lI:ogni f l\'c .,kIlls UI Il11pOr-

tance to the presl'Il t study IS thl' trllportallcc of the 1 ntcrf.Kl' bcl\\ Cl'n PWCCdlll.ll 

knowledge and metacognitive sklll (Wall, 1985, 1986, 19X8) 111 thc (kvclopmL'llt 

of the image of the act. The image of the act is an important aspcct ~)f ~klll 

execution that develops with practicc and expertise (Whlting, 1980). 

Bandura recognizcd the importance of dcvelopll1g a cogl1ltive rl'presentatlon of a 

skill-to-be-learned. He contends that developlllg the Idea of a movement through 

symbolic coding and cogliltive rehearsal is a key feature of observatlonal karnll1g 

in the sklll acquisition process (Bandura, 1971). The cognitIve rcpre~entatlon of 

a skill-to-be-Iearned is similar to Whiting's concept of the Image of the acl. 

Furthermore, Bandura (1971, 1984) suggests that observatlonal karlllng, and 

through it, skill acqUIsition, may be enhanced when the ~kIlI-to-be-karnl'd or 

modelled focuses learner's attentIon on key cues or l'eatures in that sktll A 

person's knowledge base will clearly affect such skill acquisItion procc~.,cs 

Rf'cently, Vickers (1986) develored a task to evaluate expert-novicc dlfTerencc'i 

in the performer's understanding of the spatial and temporal organl/atlllll of 

movement sequences. Vickers' rescquencmg task rcqllJre~ that an mdlvldual 

reorder a randomly distributed set of stIll photographs lOlO a com:ct action 

sequence. Vickers showed that expert gymnasts resequenccd photos of gyrnna\tlc 

sequences faster and more accurately than intcrmcdiatc gymna\t\, and both expert 
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and mtcrmediatcs resequenccd the matcrial significantly faster and better than 

novice gymna~ts. Vickcrs suggested that these rcsults could be attributed to 

differcnccs in the quality of the knowledge structures developed by the gymnasts 

at the thrce skill levels. This was one of the first studies to show the effects of 

expertise in a given sort on resequencing ski!l. Both Downey (1988) and Stafford 

(1988) showed sueh differenees in resequencing skill in dance and gymnastics. 

The use of vidcotape playback has been suggested as a means of directing a 

learner's attention toward critical eues in skills-to-be-learned (Rothstein, 1980; 

Dwyer, 1978; Magill, 1980). However, these studies have been primarily 

concemed wlth the effects of knowledge of results through videotàpe replay. 

Little research is available regarding the use of videotape playback as a means of 

fostering the development of appropriate cognitive representations of skilled 

action. 

The present study uses the resequencing task as a means of measuring the 

development of cognitive representations or images of the act in tennis players of 

varying expertise. Furthermore, it investigates the value of videotape replay and 

videotape with augmented information on the development of appropriate 

cognitive representations of ski11ed action as measured by the resequencing of 

photos of two tennis actions . 

• 
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Hypot heses 

The following section presents specltïc hypothcscs rcgarding sklll Icvel, prc­

treatment resequencing performance scores, and the diffcrcntial effccts of the 

three treatment programs, slow mot;on with augmcntcd information (S MI), slow 

motion (SM), and a control trealment. A bricf rationalc for the cxpCdcd re~lllts 

is provided for each skill level. 

1. Elite Skill Group 

It is expected that the elitc players will have bettcr rCSCljllcnclIlg 

performance scores than all other groups and the thrce trcatmcllt\ Will 

have minimal erfeet on their posttest performance. 

The elite players will have high resequencing performance score') bc~au"ic 

of their extensive procedural and declarative knowledge ba')cs which allow 

them to attend to the most critical features within an action sequcnce. 

These critical features provide means by which they may scqllentlally 

organize the skill-to-be-resequenccd. The SM and SMI trcatmcnt\ will 

have minimal effect because the elite playcrs already p()')~e~~ a c1car Image 

of the action and do not rcquire furthcr eues to help them organi/e thc 

sequence. Hence, there will be a cciling effect on their performance that 

will prevent a significant incrcase 111 thclr rc~eqlJencJJ1g \corc\. 
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2. Medium Skill Group 

It is expected that the pretest resequencing performance scores obtained 

by the medium skiIl group will be better than those obtained by the low 

skill and absolute novice groups. 

The medium skill group will have better resequencing performance scores 

than the low skill and absolute novice groups as they have consolidated 

relatively clear images of the act for the skill-to-be-resequenced. Their 

procedural and declarative knowledge bases have not been developed to 

the same degree as the elite skill players; thus, their resequencing 

performance scores will be poorer than those of the elite players. 

2.1 At this skiII level, it is expected that the SMI will have 

significantly higher posttest scores than the SM group and the 

control group. In like manner, the SM group should obtain better 

resequencing performance scores than the control group. 

3. Low Skill Grou.!! 

It is expected that the pretest resequencing performance scores will be 

poorer th an those obtained b~ the elite skill group and the medium skill 

group but better than those obtained by the absolute novice groups. 

'( 
, 
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The low skill group will have better rcscqucncing performance score~ than 

the absolute novice group as they have bcgun 10 develop an· Image of the 

skills-to-be-resequenced. Although the membcrs of this group have not 

acquired the procedural and dedarative knowledge bases of thc cIite and 

medium skilled players, they do possess more fully developcd proccdural 

and dec1arative knowledge bases than those of the absolute novice group. 

3.1 It is expected that the SMI will have signiticantly better posttest 

scores than the SM group and the control group. Similarly, the 

SM group should obtain bettcr resequencing performance 'icores 

than the control group. The slow motion with augmcnled 

information treatment program should have a benetïclal crfeet on 

bath the medium and law skill groups duc to the fact that the '1lnw 

motion replay will allow for a verbally-cucd visual rchcar~al 

through the use of key skill eues that hclp organizc bulh lhe V1'iUal 

observation proeess and the memorization of the skills-to-bc­

resequenced. 

The slow motion treatment condition will also positlvely affect the 

post-treatment resequencing performance of the playcrs in the 

medium and low skill groups. However, thc ab'icncc of verbal 

cues to guide the visual rehearsal process and provldc 
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orgamzational cues for the memorization of the skill-to-be-

rcscquenced will result in poorer post-trcatment scores than those 

obtained by subjects of the medium and low skill groups who 

receive the SMI treatment program. 

4. Absolute Novice (never have played) 

It is expected that the absolute novice subjects will have poor resequencing 

performance scores and the three trcatments will have minimal effect on 

their posttest performance. 

The absolute novice players will have poorer resequencing performance 

scores as they have yet to develop the procedural and dec1arative 

knowledge bases of the higher skill groups. As a resuIt, they cannot 

attend to the critical features of an action sequence, thus they are unable 

to sequentially organize the skill-to-be-resequenced. The treatments will 

have minimal effect as the absolute novice players have an absence of any 

image of the action. These players require further cues and experience to 

help them develop broader knowledge bases which will help them to 

organize the skill-to-be-resequenced. 

n 



1.3 Delimitations 

The delimitations of this study are: 

1. A total sam pIe of 58 club level tennis players from the Gray Rocks Inn 

Tennis School served as subjects for the study. Elite, intcrmcdiate, low 

skill and absolute novice subjects, as defined in the dcfinitions section. 

were used in the study. 

2. Female tennis players were used as subjects for the stlldy on the 

assurnption that gender rnay have sorne effcct on the treatment bemg 

investigated. 

3. Only subjects between the ages of 17 to 27 years were llscd. 

4. The tennis strokes used in the study were the serve and the forchand 

drive. 

5. Tirne constraints and the availability of subjects did not allow for an 

interirn period following the post-test session. Hcncc, only one pml-tc..,t 

was used to assess the retention of the skIlI-to-bc-learned. 



1.4 Oefinitionli 

1. TENNIS SERVE 

10 

A tennis stroke which begins a point. A player 

tosses the baIl overhead and uses an action similar 

to overhand throwing to strike the bail. 

2. FOREIIAND DRIVE A tennis stroke played on the right si de of the body 

by a right-handed player. The bail will have 

bounced once on the court before the stroke is 

executed. 

3. SEQUENCE A tennis action sequence is defined as a skill being 

executed from an accepted starting point, through a 

body movement and bail contact phase, and 

finishing with a recovery of the body to a balanced 

position. 

". ABSOLUTE NOVICE Defined as a person who has never played tennis. 

s. LOW SKILL Defined as a person who has been evaluated within 

the range of 1.0-2.5 as listed on the National Tennis 

Ratmg Program Scale. 

• 
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6. l\lEDIUl\l SKILL 

7. ELITE SKILL 

II 

Detincd as a pcrson who has been e\'alll.lled wlthlll 

the range of 3.0-4.0 as listed on the National Tennis 

Ratmg Program Scale. 

Defined as a person who has been cvaluatcd as 5.0 

and above as listed on the National Tennis Ratlllg 

Program Seale. 

8. COGNITIVE REPRESENTATION SCORE 

The total score obtained on the rescqllenCll1g of 

twelve still photographs of elther the tenlllS serve or 

the forchand drive. 

9. AUGMENTED INFORl\-IATION 

Six written eues presented at key tlmes wlthll1 a 

videotaped tennis sequence deslgned to foeus the 

attention of the subjcet on entieal learning 

eharaeteristies wlthin that actIOn ~cqllcncc. 

10. RESEQUENCING TASK 

A task to measure the cxtent to whleh a \ubJeet ean 

place a ~cncs of photographs deplctlng a glven 
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action ~equence into correct sequence l'rom a 

random display of such photographs. 
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CIIAPTER Il 

REVIEW OF THE LITERATL1RE 

Although psychologists have been concerned with the problcms of obscrvallOn.\1 

learning for a number of years, knowledgc about obscrvational lcarnlllg lJl I1Wlm 

skill acquisition is still not much understood (Adams, 1987). This I~\ct ~œms 

somewhat unsettling inasmuch as observational learning is so widcly uscd 11\ the 

teaching and learning of motor skills. During the past decadc. resean:hers have 

begun to focus on a number of important aspects of observational lcarning. The 

research literature on this important skill acquisition proccss reilecis a number of 

different theoretical perspectives. A review of some of thcse follows. 

2.1 Bandura's Social LearnÎnl: Theory of Modelinl: 

Bandura (1971) proposed a model of observationallearning whlch IS divldcd Inlo 

two phases: the response acquisitIOn phase and the performance reproductIOn 

phase. These phases were further subdlvided into subproces~es. In orller 10 

symbolically acquire a response, attention had to be paid by the lcarncr to enlleal 

features of the modeled act and then the new information about the aet hall 10 he 

retained in memory. Then, in order to elicit a respon~e, the vl'lual or verbal 

symbolic representations had to be converted into appropriatc acllOn.,; 

furthermore, the conditlOns whlch motivated the ob~crvcr to reproducc the 
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rnodclcd rc~pon~c had to be appropnate. Thu~, observational lcarning depcnds 

on attcntlonal, rnemorial, motor reproduction and motivational processes. 

Bandura (1984) states that people cannot leam much by observation unless 

attention and accurate perception of important features of modeled behavior are 

in place. He contends that the learner's attentional processes are the determining 

factors rc1atcd to what one observes and what is extracted from those 

observations. 

Bandura (1984) further recognizes a number of attentional determinants such as 

the kinds of people with whom one regularly associates, the attention that sorne 

individuals eommand within any social group, the form that the modeltng 

bchavior takes, and the degree of salience and complexity of the modeled 

bchavior. Also, the observer' s eapaeity to proeess information governs the 

bcnefits which will be derived from observed experiences. For the purposes of 

this study, the form that the modeling takes, the familiarity of the subjects with 

the skill-to-be-modcled, and the saliency of the eues within the action sequence 

arc of prime importance. 

Obscrvational learning will Ilot be as effective if individuals have difficulty 

remcmbcnng the modelcd behavior (Bandura, 1984). In order for individuals to 

gam l'rom obscrving a model's behavior after the model is no longer visually 



1 15 

present, response patterns must be symbolIcally ~tored III memory. '1'\\ 0 'Iy'ltL'Ill'l 

are prirnarily rcsponsible for rctcntlOn In observatlOnal kanllng: lIn.lgll1.t1 .ml! 

verbal. Bandura suggests that most of the cogmllvc proces~es that n:qllIrl! 

observationallearning are verbal rather th an visual, as thcsc syp'bollc codes have 

a greater information carrying capaclty ln an easily stored form. Thus, for 

Bandura, the use of verbal labels is an important aspect in the rctcntlon of 

modeled behavior. 

Rehearsal also serves as an important aid in the rctcntlon of the modekd 

behavior. lndividuals who mentally or physlcally rchcarsc arc k~ ... IIkely tll 

forget modeled response patterns than If they do not. The grcatc~t amoul1t of 

observational learning will take place by symbolically codlllg and then ovcrtly 

practising a modeled behavlOr (Bandura, 1984). 

According to Bandura (1984) the thl rd componcnt proœ'l'i of mOlkl1 ng 1'1 

converting symbolic representatlons into appropriate actIOn". Re~pome ... are tir ... t 

selected and organized at the cognitIve level. Bchavlors arc then IllItlated, 

monitored and refined on the basis of InformatIOn fœdback. The avaJlahlilly ot 

component skilIs will determme the amount of ob~crvatlOnal learnlllg that will be 

exhibited. Leamers who possess the important ~kJlls to rcproduCl! the CO<.h:d 

action will reproduce new actions quite easlly, but 1 f sorne of thl! rc ... pon ... e 

components are lacking, motor reproductIon will be faulty. 
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lndlvlduab arc more hkcly 10 adopt a modeled behavior if they value the 

outcomcs that may result in such behavior than If the results are unrewarding. 

Even though an observer has attended to the relevant activities of the modeled 

bchavior, adequately coded modeled events for cognitive representation, retained 

what was lcarned, and has the physical capabilities to perform, there is no 

guarantee that the modeled act will be reproduced if the observer has no incentive 

to do 50. Hence, the skill-to-be-\eamed must be relevant to the learner. 

Bandura (1984) develops hlS theoretical framework further by suggesting that a 

number of subfunctions evolve wtth motivation and experience. Thus, skill in 

observatlOnal leaming IS greatly intluenced by prior development. Bandura also 

states that observational learning is facilitated by improvements in component 

processes sllch as, acqUlring and improving skills in selective observation, 

mcmory encoding, coordinating sensorimotor and ideomotor systems, and by the 

abllity to foresee probable consequences of matching a model's behavior. 

Bandura also suggests that observationalleaming may be hindered by deficiencies 

In these component processes, and bath improvements and deftciencies in these 

processes may be related in part to age or experience related factors. 
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2.2 A Knowledee-Based Approach to t\1otor Skill Acquio;itinl1 

Bandura's (1971, 1984) theory assumes that whcn attcndlng, tl1l' observer knows 

what to look for, how much to look at, and how to avoid being distracted. 

Optimal observational learning requires that an obsl~rver have a knowledgc base 

of what to look for within a given display (Barrett, 1979). Thus, observation can 

be facilitated by having a predetermined and systcmatic approach (Arend & 

Higgins, 1976). 

Recently, Wall (1985) and his colleagues developcd a theorctlcal framcwork 

which emphasizes a knowledge-based approach to skill acqUIsition. A knowkdgc­

based approach to skill acquisition con tends that knowledge about actlon can be 

differentiated into two major categories: structural capacity and acqlllrl~d 

knowledge. Structural capacity refers to the anatomical and phY'iiologlcal 

potential that humans mherit and that IS moditied by cxpencncc. Acqlllfed 

knowledge refers to the knowledge gained through expcnencc wlllch incrca~e'i 

with development. Furthermore, Wall and his collcagues propose that acql11red 

knowledge can be divided into three major types: procedural, declaratlvc and 

affective. In addition, metacognitive knowledge and higher levc\ mctacognltlve 

skills can be differentiated (Wall et al, 1985; Wall, 1986). 

Procedural knowledge refers to the storage of action schemas that undcrllc the 

execution of skilled movement. Action schemas arc vlcwcd a~ packeh of 
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knowlcdgc that store information in a generalized manner (Norman & Shallice, 

1980). As such, they facilitate the storage and flexible use of large amounts of 

information. Procedural knowledge, stored in schema form, underlies aIl aspects 

of an action sequence including stimulus identification, perception, decision­

making and response selection and execution, and the evaluation of intrinsic and 

extrinsic feedback (Norman & Shallice, 1988; Howarth & Abernethy, 1984). 

The developmentallevel of a person's procedural knowledge about action can be 

viewcd in terms of the amount or number of automatized skills one has available 

to meet the demands of a given situation. An individual with an extensive 

rcpertoire of well-leamed skills will be able to more efficiently handle a broader 

range of tasks than would an individual with a smaller skill repertoire. Recent 

expert-novice studies in basketball (French, Thomas, 1987), gymnastics (Vickers, 

1986; Stafford, 1988) and badminton (Abemethy & Russell, 1987) demonstrate 

the domain specifie nature of procedural knowledge and emphasize the importance 

of physical skills in the development of sport expertise. Individuals develop 

extensive procedural knowledge bases within various domain specifie areas. A 

person who has been intensively involved in tennis acquires many automatized 

skills in comparison to an individual that has practised golf rather than tennis for 

extended pcriods of time and who has automatized acquired skills within that 

specifie domain. 
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Declarative knowledge about action refers to factual informatIOn ston~d in long-

term memory that can influence the development and execution of physical skilis 

and the strategie skillfulness with whieh one plays a given sport. Declarative 

knowledge encompasses the morphological, biomechanical and environmcntal 

constraints involved in the execution of actions (Wall et al, 1985). As chi Idrcn 

develop, they begin to appreciate the personal and environmcntal factors that Illnii 

performance and the learning of motor skills. As procedural and dccJarative 

knowledge bases increase, they acquire symbolie codes and verbal labels that hdp 

them learn and control physical performance. Within the game of tennis. playcrs 

automatize skills needed to hit the bail through extensive practise and play, but 

they also incrcase their knowledge of the strategies, rules and etiquette of the 

game. 

An early expert-novice study by Chiesi, Spilich and Voss (1979) dcmonstrah:S the 

importance of domain specifie knowledge in the acquisition and retention of 

declarative knowledge. The authors show that subjects who scored high in 

baseball knowledge were better able to read and retain written passages on 

baseball than those without such domain specifie knowledge. The authors argue 

that the subjects with knowledge of baseball used such information to dcvclop a 

context from which to organize the new baseball information that they wcre 

rcading. Thus, their knowledge of the game allowed them to place key action\ 

into perspective mueh more readily than those with less skill in bascball. 
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Expert-novice studies in the skill acquisition literature indicate that experts have 

richer conccptual knowlcdge bases than do novices. Specifically, it has been 

shawn that experts demonstrate superior recall of game-structured information 

(Allard, Graham & Paarsalu), 1980), use appropriate eues to predict the tlight 

path of sport abjects (Starkes, 1987; Jones & Miles, 1978; Buckolz, Papavesis 

& Fairs, 1988) and use a variety of cues to make effective decisions during a 

game (Bard & Fleury, 1976; Buckolz, Papavesis & Fairs, 1988). 

ln a more recent study, French and Thomas (1987), show that young experts in 

basketball possess broader knowledge in both the procedural and declarative 

domains. Most importantly, the authors showed that greater sport-specifie 

knowledge had a significant relationship with decision making processes. The 

authors cautiously conclude that "there is reason to speculate that acquisition of 

domain relatcd knowledge is responsible in part for the facilitation of performance 

on certain tasks" (French & Thomas, 1987, p.29). 

Affective knowledge about action refers to an individual's subjective feelings in 

various action situations (Wall et al, 1985). Such feelings are associated with 

successful and unsuccessful experiences in physical activity settings. Positive 

expcriences in action situations elicit feelings of confidence and competency. 

Individuals who are competent in a variety of action situations are more likely to 

experience a larger number of success experiences than would those individuals 
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who are less skilled; thus, positively affecting thdr skill acqll1sltion proœ~s. 

Conversely, those individuals who experience failure in action situations Dlkn 

develop negative feelings about themselves. This negativity may advcrsc1y affect 

the skill acquisition process (Keogh & Griffin, 1984). Recent studics in the 

affective domain show that sport confidence is relatively sport sp~('ilïc; quitc 

simply, players in a particular sport feel more contident when they can play that 

sport relatively well (Feltz, 1989). 

Newell and Barclay (1982) refer to metacognition as bemg broadly dclïned as "a 

person 's knowledge about his own or other's psychological, social and physlcal 

behavior and abilities" (p.I87). According to Newell and Barclay (1982) thls 

type of knowledge is acquired through purposeful and intentional interaction with 

one's environ ment. Wall et al (1985) refer to metacogmtive knowledge about 

action as being consciously aware of what an individual can or can not do in a 

variety of action situations. They refer to metacognitlvc knowlcdgc as "knowing 

about knowing how to move" (p. 1 1). The development of metacognilive 

knowledge relies on an individual developing an understanding of how various 

cognitive processes may be used to handle a variety of tasks. For exal11plc, if a 

person is skilled at tennis serving, he must know the amollnt of force and Spin 

required by the task in order to determine an appropriate action to be able to 

serve the tennis baIl at a specific target. Newcll and Barclay (1982) ~uggest that 

this form of sensitivity is not only knowledge, but an individllal 's awarcnc"s of 
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the mcans-end nature of action. Wall et al (1985) refer to metaco~nitive 

knowlcdge as a highcr level form of dec1arative knowledge retlecting the quantity 

and quality of information stored in memory within a given domain. As an 

individual's metacognitive knowledge develops, he or she shows greater 

appreciation of the multitude of variables affecting skill acquisition and 

performance. 

As mentioned earlier, French and Thomas (1987) examined the relationship of 

sport-specifie knowledge and the development of children's skills in basketball. 

Their findings suggest that a major component of performance that differentiated 

chi Id-expert and novice players is the ability for child-experts to make better 

decisions about basketball situations than child novices. In their second 

ex peri ment, the authors found that a change in a child's performance across the 

whole basketball season was related to an increased cognitive ability to make 

appropriate decisions during game situations, and procedural skill in catching the 

baIl. These findings suggest that the development of the sport knowledge base 

plays an important raIe in learning as weIl as skilled performance. 

Metacognitive skill is related to the learning and control of physical skills (Wall, 

1986). It represents higher level executive processes necessary for the optimal 

control of ski lied action. Planning, monitoring and an ability to evaluate 

outcomes are aIl included under the term, metacognitive skills. Newell and 
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Barclay (1982) refer to metacognitive skill as a pcrson's knowledgc of the f'H:tor!'l 

affecting skilled performance. Thrce relatcd clements arc includcd: pcr~on. ta~k 

and strategy variables. Thus, effective metacognitive control would allow a 

learner to analyze task demands, select appropriate strateglcs llscful for solving 

specifie tasks, control the operations of these strategies and evaluatc sucœsscs and 

failures of selected strategies through feedback mcchanisms. 

The knowledge based approach (Wall et al, 1985) suggests a strong link bctwccn 

metacognitive skill and motor skill acquisition. French and Thomas (1987) 

contend that not only does knowledge play an important role III the dcvclopmcnt 

of cognitive processes necessary for skilled performance ln sport, but it also 

facilitates the effective use of proceduralized ski Ils developed in that sport. Such 

findings reinforce the importance of developing both metacognitive knowlcdge 

and metacognitive skill in young learners. 

2.3 Recent Expert-Novice Studies 

The knowledge base theory of skill acquisition assumes that the acquIsItion ot 

domain specifie knowledge in a glven activity is a critlcal fcaturc III the 

development of an adequate cognitive representation of a skill. Thcrcfore, it II) 

important to examine the effect of differences in the knowkdge ba'ics of expert\) 

and novices on resequcncing performance. The expert-novice paradlgm ha\) bec Il 

• 
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wldely u~cd to a~~e~s knowledgc base dlffercnces. As indicated earlier, numerous 

studles ~how the differences between experts and novices in domain specifie 

knowlcdge as weil as other related factors in the learning process. 

In a st~dy of visual search patterns of gymnastie judges, Bard et al (1980) found 

differenccs between number and location of eye fixations between expert and 

novice gymnastic judges. Expert judges make 27% fewer eye fixations than 

novice judges; furthermore, novice judges detect only half of the gymnasts' errors 

that are seen by expert judges. Of importance for this study is the implication 

that experts know what to look for in a performance and systematically control 

their visual search based on their more extensive knowledge base. 

In a simIlar study. Petrakis (1986) e"amined the visual observation patterns of 

novice and expert tennis teachers when viewing a serve and a forehand drive. 

Petrakis found that experts' scan patterns were more compact than those of novice 

tennis teachers. Again, it was demonstrated that experts' organization of 

observation of a model IS much more systematic than that of a novice, with 

specifie observation objectives in mind. In other words, experts have the domain 

specifie knowledge of what to look for and the metacognitive skill of how to 

observe when viewing a modeled demonstration. 
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Buckolz (1988) showed that advanced tennis players predieted types nI' pa.,.,lng 

shots more accurately than intermedtate tennis players. ln SOl11C in~tanccs. the 

difference in accuracy was attributed to the fact that intermcdiate playcrs wcre 

unaware of what the telegraphic cues were, while in other situations the 

intermediate players were not even aware of the presence of such telcgraphic 

eues. Both instances demonstrate the effeet of a more extensive domall1 specifie 

tennis knowledge base. 

In a study which assessed the relative importance of attributcs primarily 

determined by the efficieney of the central nervous system versus cogllltive 

attributes, Starkes (1987) developed a profile of elite tïeld hockey players in 

contrast to moderate and novice level players. The elite players dld n"t appear 

to differ from other skill levels on attributes determined by the cftïcICncy of the 

central nervous system. However. elite players were superior in ail of the 

knowledge base related areas. As expected, elite players had supenor rccall of 

game-structured information and were able to make more accu rate dccisions 

during the course of game play. 

The above expert-novice studies support the importance of domall1-~pccifïc 

procedural and declarative knowledge in a variety of sports and indicatc that 

higher-Ievel metacognitive skill is also important in explaining diffcrences ln sport 

expertise. 

---------~~~~---------------------
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2.4 The Rcsequencin2 Task 

The resequencing task was introduced by Vickers (1986) as an indirect means to 

measure the reca)) of a movement sequence. She argued that the resequencing 

task could be used to assess the performer's understanding and retention of the 

spatial and temporal organization of movement sequences. The resequencing task 

requires subjects to resequence or re-order a randomly distributed set of still 

photographs of a given movement sequence. Vickers (1986) chose female 

gymnasts as subjects. Elite and intermediate ranked gymnasts from the same 

gymnastic club and novice gymnasts who were members of an elite soccer club 

were the subjects in her study. 

Six corresponding still photographs were prepared for each of six different 

gymnastic sequences. The sequences were low to medium in task difficulty with 

both elite and intermediate subjects able to perform all or most of the stunts. 

Novice subjects were unable to perform any of the sequences. 

As was predicted, the elite gymnasts were able to resequence the photograph 

sequences faster and more accurately than both the intermediate and novice 

groups. Both elite and intermediate groups were significantly better than the 

novice group. 
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Vickers suggests that a cognitive or informatIon proccssing c\planatlon wOlild 

attribute the differences between groups to internai factors. Thc~e fador~ 1111ght 

include different schemas or knowledge structures, and internai proœs'ill1g 

differences such as top-down versus bottom-up systems. 

Stafford (1988) used the resequencing task to examine expert-novice diffcrcncc'i 

between grades four, five and six female students in physical education c1a'i'ics 

on simple and advanced tumbling sequences. As expected, she found that the 

more skilled students in the physical education classes were better in the 

resequencing of gymnastics sequences that their less-skilled peers. Hcr rcsllits 

provide further support for the notion that expert-novice or domam speci tic 

knowledge plays a critical role in the processes underlying the reseqllcnclllg ta'ik. 

Stafford (1988) suggests that individuals with higher levels of ~kI11 are able to 

more accurately resequence photos of an action sequence bccausc of a grcatcr 

domain specifie knowledge base related to the particular actIon sequence. 

Conversely, less skilled individuals will not resequence photos of an actIon 

sequence as weIl because of an insufficient knowlrdge base in that partlcular 

activity. 
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2.5 Videotape Replay and Instruction 

A mcthod of dcmonstrating consistent performance of an action sequence to 

lcarncrs is through the use of videotape replay. Replay of demonstrations on film 

have becn shown to be as effective as live demonstrations (Bandura, Ross & 

Ross, 1963). Martens et al (1973) point out that videotaped demonstrations may 

be vicwed at the leamer's convenience and the model demonstrator is not subject 

to the fatigue or errors a live model might be. 

Appropriate attention directing devlces, sueh as slow motion and instructional 

cuing may enhance observational leaming (McGuire, 1961). Wh en cuing directs 

the learner's attention toward specifie items in videotaped tennis sequences that 

are Important for suecessful skill performance, learning may be enhanced. 

McGuire (1961) points out that if aIl aspects of an action sequence are relevant to 

skill Improvement, then it may be more beneficial not to use instructional cuing 

because directing the leamer's attention toward specifie items might augment the 

leaming of those items at the expense of potentially importa.1t nonspecified items 

(McGUlre, 1961). However, the research indicates that cuing is particularly 

useful in dlrecting the learner's attention to items that are difficult to demonstrate 

visually (McGuire, 1961; Dwyer, 1978). Clearly, this is an issue that requires 

further research. 



Wh en a motor skill sequence is shown at a slower than normal rate, tlm 111.\)' 

a1low the learner's attention to foeus upon dctails of the movcmel1t that wou Id not 

normally be seen when played at normal spced (McGuirc. 19(1). This SCCIll~ to 

be especially important in complex, fast-paced action such as those mvolvcd III 

tennis. 

Dwyer (1978) refers to both written information and slow motion as forms of 

instructional cuing. Cuing as detined by Dwyer (1978) is the "procc~s of 

focusing learner attention on individual stimuli within the 1110del to make the 

essential learning characteristics distinct From other stimult" (p.158). 

Cuing, according to Dwyer (1978) may be classitied into two basIc stratcgle~. 

The tirst consists of providing the learner with addltional relevant ..,tllllUI1 to 

improve and make more complete their understanding of the information they are 

receiving. This may be accomplished with the use of wntten cues on vidcotapc 

playback. 

The second type of cuing provides no additional information for the \earncr. Thl~ 

strategy ensures that the intended stimuli is emphaslzed in such a way that II will 

be perceived From among other stimuli in the lcarncr's total pcrccptual tield. 

Slow motion video replay is a commonly used cuing strategy designcd to rcducc 

the total number of errors a leamer makes when initially cxpO\cd to new 
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informatIOn and to reduce the amount of time necessary to acquire new 

ln formatIOn. 

A nllmber cf key issues emerge from the above review of the literatllre. In the 

initial sectIOn of the literature review, research by Bandura (1971, 1984) 

underscored the importance of using critical features to facilitate the learning of 

a modeled behavior. The value of verbal and visual eues to direct attention to 

such critical features was also underscored. He also stressed the importance of 

motivation in the modeling process and the value of using behaviors that are 

rcwardi ng to the subJect. Bandura (1984) also recognized the importance 0 f prior 

experience within a given domain in the acquisition of new behaviors through 

obscrvational modeling. 

A knowledge-based approach to motor skill acquisition extended Bandura's 

rescarch regarding the value of prior ex peri en ce in modeIing and re-sequencing 

processes. Wall and his colleagues (1985), along with other researchers (Vickers, 

1986; Thomas and French, 1986; Stafford, 1988) note the importance of both 

procedural and declarative knowledge bases. They aIso recognize, as did Bandura 

(1984), the Importance of the skill-to-be-modeled or resequenced in relation to ilS 

motivational value. The raIe of such metacognitive skills as attentional control 

and mcmory rehearsal strategies are also reeognized. 
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Recent expert-novice studics support the signiticant mie that doma11l-'ipcl'1fic 

knowledge plays in the development of sport expertisc. The effects of cxpencllcc 

and systematic practice on the development of a person' s knowledgc base has 

been clearly documented. 

In summation, the rationale for this study is based on the followlllg 

considerations: the selection of ecologically vahd tasks that will be valucd hy. 

and motivate subjects; the recognition of the role of developmental skill Icvc1 of 

the subjects within a specifie domain; the value of slow motion trcatmcnt 

programs to enhance visual modeling and resequenc1l1g proccsses, and the 

potential value of guiding observational modeling through the use of verbal cucs. 

The next chapter will discuss subjects, tasks, II1strumentation, trcatmcnts, and 

procedures used to investigate the differential effects of slow motion vidcotapes 

with and without augmented eues on the resequencing performance of tcnnis 

players at four different skill levels. 
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The subjects selected for this study were female tennis players involved in an 

instructionaI program at the Gray Rocks Inn Tennis School who volunteered to 

participate in the study. Four groups were formed based upon developmental 

skilllevel. Absolute novice (n = 13), low skill (n = 15), medium skill (n = 15), and 

elitc skill tennis players (n = 15) were used. The developmental skilllevei of each 

subjcct was determined by certified tennis professionals From the Gray Rocks Inn 

Tennis School using the National Tennis Rating Program (see appendix A). The 

experimenter and two independent instructors rated the skill level of each player. 

Inter-observer agreement scores were 80 %, showing that the subjects were 

c\assified quite accurately. AlI of the subjects were right-handed and had normal 

vision with eyeglasses if required. It was possible to lIse su ch a large group of 

female tennis players at varying levels because they were involved in a one week 

instructional tenni:; program. It should be mentioned that time constraints and the 

wil1ingness of the subjects to participate in the study limited the extent of the 

experimental design. An interim period following the post-test treatment was 

simply not possible given these constraints. 
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3.2 Procedures 

Treatment and testing of the subjects was divided into two parts. The initial 

phase consisted of measuring the performance of the subjccts on the control task 

and the pretest experimental condition. During the second phase. the subjects 

were given one of the three experimental treatments followed by the posuest for 

that condition. Subjects were given the trcatment and posttest for the tennis serve 

and then the forehand drive. 

The subjects were tested in a quiet room at Auberge Gray Rocks Inn. SlIbjects 

were tested in pairs based on their skill level and treatment condition; they were 

tested in random order. 

Subjects sat in a comfortable chair with a table in front of them thal allowed lhem 

to arrange the photographs into their proper sequence. The photographs for each 

test were set out initially each time in a set random arder. SlIhjccts watchcd a 

20-inch video monitor placed just in front of them for easy vlcwing. The content 

of videotape that the subjects viewed depended on the trcalment condition to 

which they were assigned. The procedure for each phase of the expcriment 

follows. 
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3.3 Experimental Conditions 

3.3.1 Control Task 

A control task was used to demonstrate that there were no differences 

among the groups due to intelligence, memory skill, and motivation. 

Subjects were shown a videotape replay at regular speed showing an 

action sequence in which a young man approached a table, drank a glass 

of juice, and then walked away from the table. The instructions used for 

this task are presented in Appendix B. After hearing the instructions, 

subjects were give'n an opportunity to ask questions related to the task. 

Subjects were then presented with eleven still photographs of the action 

sequence. The photographs of the action sequence were placed on a table 

in front of the subjects in a set random order. Subjects were then asked 

to reconstruct the action sequence with the photographs. 

3.3.2 Pretest 

The pretest condition for each of the two action sequences was the same 

for all subjects. The subject entered the room, sat comfortably at a table 

and viewed one playing of an action sequence showing a tennis serve 

playcd at regular speed. The instructions used for this task are presented 

in Appendix C. Subjects were then presented with twelve still 

photographs of the action sequence. The photographs of the tennis serve 
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were placed on a table in front of the subjects in a set ranùoll1 ordcr. 

Subjects were then asked to reconstmct the action sequence \Vith the 

photographs. A forty-five second time limit was set for the resequencing 

task. Subjects were then given a three-minute resl and wcre prc-tested on 

the forehand drive in the exact same manner. 

3.4 Treatment Conditions and Posttest 

Three different treatment conditions were administered during the treatment phase 

of the study. 

3.4.1 Control Treatment Condition 

The control treatment condition consisted of the subJects vlcwlng a 

videotape at regular speed of the tennis serve and then Sllllply 

resequencing the twelve still photographs of that first actIOn sequence, 

within a forty-five second time limit. The instructions for this task wcre 

presented with twelve still photographs of the action sequence. The 

photographs of the tennis serve were placcd on a table 111 front of the 

subjects in a set random order. As in the pretest situation, ~llbjcct\ were 

asked to reconstruct the action sequence with the photographs. SubJccto; 

were then given a three-minute rest and were then tested on the forchand 

drive in exactly the same manner. 
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3.4.2 Slow Motion Treatment Condition 

The second treatment condition consisted of the subjects in this group 

watching a videotape replay of the tennis serve in which the sequence to 

be learned was initially played at regular speed, th en three times in slow 

motion, and th en one last time at regular speed. The instructions for this 

task are found in Appendix D. 

Subjects were then given a two-minute rest period in which they coul<.i 

relax in any way they wished. Subjects were then given the posttest in 

exactly the same way the pretest was administered. After a three-minute 

rest, the same procedure was then used for the second action sequence, 

the forehand drive. 

3.4.3 Slow Motion with AU2mented Information 

The third treatment condition consisted of the subjects in this group 

watehing a videotape replay of the tennis serve in which the sequence to 

be learned was initially played at regular speed, then three times in slow 

motion; and then one final showing at regular speed. Instructions for this 

task are found in Appendix E. During the slow motion playback phase, 

subjects were presentcd with relevant skill cue instructions. Six primary 

skill eues and two or three related subcues were highlighted in type 

1 written form on the videotape for eaeh subject during the action sequence 

--- ----- - -------~---~--------

• 
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(see Appendices F and G). Again, subjects werc gl\'cn a two-minute re~t 

period and then admimstered the posttest in the samc llIanncr as the prete~t 

condition. The same procedure was then administcred for the forchand 

drive. 

3.5 Instrumentation 

The instrumentation used in this study measurcd the rcscqucncing task 

performance of the subjects (Vickers, 1985; Downey, 1988 ami Stafford. 1988). 

Initially, all of the subjccts were tested on a common control task which cOllsisted 

of them resequencing an action sequence in which a young man approachcd a 

table, drank a glass of juice and then walked away from the table. The 

instructions for this task are presented in Appendix B. Two expcrimcntal tasks 

were also used. A videotape of an expert tennis player perform1l1g a tenl11s .,crvc 

and hitting a forehand drive were made. 

The video-copy processor model P60W manufacturcd by Mitsublshi was U<icd to 

produce twelve still photographs of each of the above tenniS skilh. The tenJm 

serve was used as it is a relatively c10sed skill whlch is commonly u.,cd in the 

game and the forehand dnve was selccted becausc it is one of the mmt common 

open skills used in tennis. 



1 

li' 

38 

3.6 Scorinl: of Rcscqucncine Performance 

Scoring of the resequencing performance on ail three tasks was completed as 

follows: 

Twclve points were assigned to each of the twelve photographs in the action 

sequence; hence a correct placement of aIl twelve photographs could result in a 

score of 144 points. For every position that a photograph was placed out of 

sequence, one point was deducted for each place that it was away from its proper 

location in the correct sequence. Thus, if photograph 8 was resequenced in 

position Il, then photograph 8 would be given a score of 12 - 3 = 9 points. 

Each photograph in the sequence of 12 pictures was scored in this manner. 

This scoring system was devised in order to take into consideration the degree of 

error involved in the placement of each photograph from its correct placement in 

the sequence. Designating an initial 12 points to each photograph ensured that 

only positive scores would be obtained. A committee of five experts with 

considerable experience in measurement and the use of resequencing techniques 

agrecd that thls scoring system appeared to be the m05t appropriate for use in this 

study. The next chapter reports on the results obtained in this study. 
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The results of this study will be presented in thrce scparate sections. The first 

section deals with the resequencing scores obtaincd by the players on the control 

task whereas the second and third sections address the cffccts of the thrcc 

experimental treatments on the players' resequcncing of the tennis serve and the 

forehand drive. 

4.1 Resequencine Performance Contl"QI Task 

An analysis of variance was completed on the resequencing scores on the control 

task of the players in each of the four skill groups. As cxpectcd, thcrc wa~ no 

significant difference among the four groups; hencc, it can be assurned that thcre 

were no significant differences in memory ability, general rcscqucncing 'iklll, or 

in motivation to complete such reseC{t1encing tasks. This is an Important 

assumption on which to base subsequent phases of this study as Illcmory, 

resequencing or motivational differences might have confoundcd the cxpcnrnental 

findings of this study (Chase & Simon, 1973; Allard, 1980). 

----- - .~----------
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4.2 Rcscgucncinl: Performance on the Tennis Serve 

Table 1 presents the results of the analysis of variance completed on the scores 

obtained by each of the four skill groups when resequencing the tennis serve 

photos under three experimental conditions. 

Table 1: Analysis of Variance of the Resequencing Scores for the 

Tennis Serve of Players in the Novice, Low, Medium, and Elite 

Skill Groups Before and After Three Experimental Conditions 

Tests of Between Subjects Effects 

Source of Variance SS DF MS F 

Constant 2115868.57 2115868.6 13524.71 

Group 5938.34 3 1979.45 12.65 

TRT 576.90 2 288.45 1.84 

Group by TRT 1247.23 6 207.87 1.33 

Tests of Within-Subject Effects 

Source of Variation SS DF MS F 

Within CeUs 1644.20 47 34.98 

Time 313.60 313.60 8.96 

Group by Time 161.41 3 53.80 1.54 

TRT by Time 382.87 2 191.43 5.47 

GRP by TRT by Time 118.95 6 19.83 57.00 

SIG of F 

.000 

.000 

.169 

.263 

SIG of F 

.004 

.217 

.007 

.755 
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As expected, a significant difference was found for the sklil fa~tor. F (."',47) == 

12.65, 12 < .000 indicating that the resequcncing of the tennis photos \\'a~ rcl.lled 

to the tennis expertise of the players. Table 2 presenls the ccll means for Ihe 

resequencing scores of the tennis serve by the players in the four skill groups and 

the results of the planned comparisons tests on them. 

Table 2: ResuIts of the Planned Comparisons Tests on Ski 11 Group ~taill 

Effect on the Tennis Serve Resequencing Scorcs 

Mean Novice Low Medium Eltle 

Novice 123.18 

Low 132.30 

Medium 139.90 3.67** 1.67* 

Elite 141.60 3.94** 1.97* 1.36 

* = .05; ** = .01; df = 47 

As expected, the novice players had significantly lower rc~cqucnclng ..,enre.., Ihan 

the other three skill groups. Furthermore, the medium and dite ~kIlI rlaycr~ 

were significantly better at resequencing the photos of the tennis ~erVl! than tho..,c 

in the novice and low skill groups; however, therc was not a slgmticant dllTcrcnc.:c 
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between the medium and elite players. These findings are congruent with those 

found by Vickcrs (1986) and Stafford (1988). 

The trealment by lime interaction on the resequencing of the tennis serve photos 

was also significanl F(2,47)=S.47 p~.OO7. Figure 1 presents the mean 

resequencing scores for the tennis serve for the treatment by lime interaction that 

was present across aIl skil1levels. As the figure shows, and planned comparisons 

tests confirmed, it is clear that both the slow motion and the slow motion with 

augmented information experimental treatments had a significant effect on the 

resequencing performance of the subjects in aIl four skill groups. At the same 

time, it is c1ear that the control treatment did not have a beneficial effect on the 

resequencing scores of the players in the control group. Similar results to these 

are not avaIlable in the sport Sklll acquisition; however, they are clearly in 

keeping with the theoretical and applied information available on the value of 

slow motion replay in learning (Dwyer, 1978; McGuire, 1961; Rothstein, 1980) 

and the role of observational modeling through video in the development of 

cognitive representation (Bandura, 1971, 1973, 1984). 

As presenled earlier, a group by treatment by time interaction had been predicted 

on the basis of the information available before this study; however, the results 

indicate that players at aIl skill levels benefitted from video 

presentations of the actions to be resequenced in slow motion and in slow 

• 
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motion with augmcnted information as the predieted floor and eeiling effeets did 

not occur at the clite and novice skill levels. 

As noted earlier, the time eonstraints and the availability of subjects did not a110w 

for follow-up testing of the subjects after a suitable interim period after the 

treatment conditions. However, the positive value of using slow motion and slow 

motion with augmcnted information videos for the development of the image of 

the act within an ceologically valid tennis lesson lime frame is supported by these 

results. The subjects at ail skill levels benefitted From reviewing the action 

sequences on slow motion video tape both with and without augmented 

information prior to the resequencing of the tennis serve. The ùeneficial effect 

of the slow motion video and the augmented slow motion video are in keeping 

with the theoretical ideas of Dwyer (1978) and McGuire (1961) on the value of 

providing Icarners with heightened information about key visual eues through tht: 

use of vidcotapes. A direct relationship between enhanced resequencing 

performance and improved physical execution of the tennis serve c1early cannot 

be inferred From these results. However, it would seem sensible to assume that 

the development of an appropriate image of the action sequence, or in Bandura's 

tcrms. a suitable cognitive representation of it, would be a positive step toward 

that cnd. 

• 
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The fact that the augmented slow motion video did not improw thc n:sc411CI1l.'lllg 

performance any better th an the slow motion video alone must also be addrcsscd. 

One of the first points that should be made is the fact that the allgmcnted wnttcn 

cues might have actually detracted from the value of the slow motion vidcos for 

sorne of the players. Dwyer (1978) and McGuire (1961) point out that If all 

aspects of an action sequence are relevant to skill improvement it may not bc 

more beneficial to direct the learner's attention toward specifie items as it Illay 

augment the learning of sorne items at the expense of potentially Important 

nonspecified ones. One of the novice players remarked, "1 spent too much timc 

reading and concentrating on the writing on the screen and thmking about it and 

not paying enough attention to the person". This was not an uneommon reactlon 

in the less-experienced groups, that is, the novice and low skill groups; and It 

underscores the fact that the use of written eues along with the video presentation 

of the tennis serve may have required too much cogllltive processing or fOCllscd 

the attention of the less-skilled players on aspects of the tennis serve that wcre nOl 

of importance to them. It should also be noted that a number of playcrs in the 

expert group seemed to ignore the written eues as they judged them to be 

unimportant or redundant. Studies need to be completed on the type and quantlty 

of eues that are used in relation to skill level in order to effeetivcly as~c~s the 

value of augmented information in video tape presentations of ~kills-to-be-learncd. 

• 

J 
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Glven the constralllts of this study, it is impossible to provide specifie causal 

reasons for thesc rcsults; however, the above observations and those made in the 

gcneral discussion may help in the design of future studies in this area. 

4.3 Resequencine Performance on the Tennis Forehand Drive 

Table 3 presents the results of the analysis of variance on the pre-post 

resequencing scores of the forehand drive by players at aIl four skill levels under 

the three experimental conditions. Only the skill group main effect was 

significant, F(3,47) = 15.26, Q:C:; .000. 

Table 4 presents the cell means for the players in the four skill groups and the 

resuIts of the planned compariscns that were completed on them. 

Again, as with the tennis serve, the resequencing scores on the forehand drive of 

the novice players were significantly lower than the scores obtained by the players 

in the other three skill groups. Furthermore, the elite players were significantly 

better at resequencing the forehand drive action sequence than the subjects in the 

other skill groups. The predicted treatment by time interaction and the group by 

trcatment by time interaction were not significant. 
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Table 3: Analysis Variance of the Rescquencing S~ores for the 

Forehand Drive of Players in the Nùvice, Low, Medium. and Eht~ 

Skill Groups Before and After Thrce Experimental Trcatmcnts 

Tests of Between-Subjects Effects 

Source of Variation S5 DF MS F SIG of F 

Within Cells 5249.37 47 111.69 

Constant 2049954.98 1 2049955.0 18354.16 .000 

Group 5114.38 3 1704.79 15.26 .000 

TRT 1094.08 2 547.04 4.09 .012 

Group by TRT 1399.06 6 233.18 2.09 .072 

Tests of Within-5ubjects Effeet 

Source of Variation S5 DF MS F SIG of F 

Within Cells 3183.17 47 67.73 

Time 1770.80 1 1770.80 26.15 .000 

Group by Time 149.80 3 49.93 74.00 .535 

TRT hy Time 125.68 2 62.84 .39 A03 

Group by TRT by Time 624.47 6 104.08 1.54 .187 



Table 4: Rcsults of the Planned Comparison Tests on the Skill Group 

Main Effect on the Forehand Drive Resequencing Scores 

Mean 

121. 79 

Novice Low 

Novice 

Low 

Ml!dium 

Elite 

131.76 2.59** 

134.37 3.26** 

140.30 4.80** 

* = .05; ** = .01; df = 47 

.677 

2.22* 

Medium Elite 

1.54 
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The faet that the slow motion video and the augmented slow motion video had a 

positive effect on the resequencing of the tennis serve and not the forehand drive 

will be addressed in the following general discussion. 

4.4 General Discussion 

4.4.1 The Tennis Serve vs the Forehand Drive: Resequcncin2 

Perfonnance Considerations 

An asscssment of the task dcmands of the tennis serve indicates that it is 

a relativcly consistent type of movement pattern as players must try to 

execute accurate, consistent, and powerful serves that land in the 

opponcnt's service box. The tennis service movement pattern has a very 
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clear starting pomt and a very clcar tïni~hing pOlllt WIth qUItl' dl~tinl't ... ub­

movements that are readily Identilied as hnking the beglllnlllg and l'ndlllg 

of the action. In contrast. the forehand drive is a relatlvcly lI1consl~h.:nt 

movement pattern inasmuch as it is used in an open, dynamic cnvironmcnt 

which requires that the action be executed from diffcrcnt arcas of the 

court, under varying degrees of control. and at a variety of height~ at 

which the baIl is contacted. Thus. in contrast to the forchand, the tcnnlS 

serve lends itself to encoding a relatively clear image of thc aclÎoll duc lo 

the standard position from which it is executcd, ItS readily I(kntltiable 

parts. and the unique way it is used to InItiate a tennIS playing 'icqucnœ 

which allows one to observe it more systematically under les\) time 'itrc~'i. 

Therefore. it is argued that, the forehand drive is more dlftïcult to encode 

due to its variability of execution. 

In addition to the above observations, the tennis service motIon ha') more 

concrete organizational anchor points than does the forehand drive. The 

anchor points of the forehand drive are much more diffuse than those of 

the serve and therefore it is argued that it is more di ftïcult for an 

inexperienced player to develop a c1ear Image of its action. Furthermure. 

under the treatment conditions In this study the anchor pOlnt~ of the ~erve 

were heightened by the slowing down of the action in the \Iow motion 

videos, thus reinforcing these di!ltinct eues in the action !lcqucnœ. 
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4.4.2 Trnlli" Experti"c and Reseguencine of Tennis Skills 

One of the main findings of this study indicates that expertise in tennis is 

positively related to resequencing performance in both the tennis serve and 

the forehand drive. This finding is congruent with recent studies in 

gymnastics by Vickers (1986) and Stafford (1988) that demonstrated a 

positive relationship between expertise and resequencing performance. It 

should be stressed that such significant relationships are certainly not 

causal ones; however, they do speak to the need to explore why 

differences in sport expertise might positively affect the resequencing of 

photographs of an action sequence. The following ideas on this matter are 

based on a knowledge-based approach to sport expertise; c1early, further 

research will be needed to examine them in more detai!. They are based 

on the assumption that the development of an image of the act, or 

cognitive representation, is an important consequence of improvement in 

physical skill and expertise in a given domain. 

From a knowledge-based perspective, it can be argued that more highly 

skilled tennis players, like other experts, have developed broader 

declarative and procedural knowledge bases and a wider array of 

metacogllitive skills that they can draw upon to aid in the resequencing 

process. More specitïcally, bctter rescquellCÎng performance may be due 
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to a broadcr and morc accurate proœdural knowledge ha~e on the part of 

highly skilled players. Given the fact that skillcd telll11S players ha\'c 

more automatized physical skills in their rcpcrtoire, they may be able to 

more readily access kinesthetÎC feelings associatcd wlth the correct 

execution of a particular action. Such kinesthetic feelings might he lIscd 

to access and clarify an image of the action. 

Even more importantly, highly ski lied tennis players have bettcr 

declarative knowledge bases about the context of the garne and the 

environ ment withm which a particular sklll is executcd. Thl~ declarallvc 

knowledge, if it is similar to lhat acquircd by other expcrts, Iii more 

organized, coherent, and accessible than il is in lowcr .,kllled playcr., 

(Wall, 1986; French & Thomas, 1989; Starkcs, 1987). The highly ~kdh:d 

players may use their richer procedural and dec1arallYc knowledgc ha,>c,> 

to simplify a skill to-be-resequenced by attcndlOg to and vcrbally-cmhng 

key anchor points within an action sequence. Based on comrncnts madc 

by players in the cHte skill group, it seems that the mon: skllJcd tCIlI1l\ 

players used su ch tcrms and phrascs as: gnp, ~tanCt!, sWlIlg-back. 

backscratch, hip and shoulder rotation, extensIOn to COll tact , follow­

through, and balance to organize thcir image of the aet of ~erving 10 

tennis. Hence, thcir abllity to resequcncc is cnhanced by thclr abJllly to 

focus on what is important to rcmcmbcr ln the ~cqucnce but abo hy thclr 
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ability to code it cffectivcly. Lcss ski lied playcrs inasmuch as their 

proccdural and dec1arativc knowlcdge base is much smal1er, are less able 

to focus on the key eues, or anchoT points, of a skill ta be resequenced. 

Bascd on observations made during this experiment, it should be noted 

that the less skillcd players appeared more anxious while resequencing the 

photos which may have been due to the fact that they have smaller 

dcclarative and procedural knowlcdge bases and thus seem to have less 

confidence in their ability to resequence the actions. Further examinations 

of this possibllity is c1early needed. 

Finally, the metacognitive skills of the experienced players may also have 

had a major efrect on the differences that have been found in resequencing 

performance. Many of the medium and elite players used an "anchor 

point" strategy that consisted of selecting key photographs out of the total 

sequence that were elearly key eues, or ~lnehoTs, around which the rest of 

the photographs could be organized. This strategy was used by the 

majority of the more skilled players. In contrast, those with less skill 

looked at the photographs and often remarked that the pictures ail looked 

the same. Furthermore, they did not seem ta have a sufticient knowledge 

base of tennis ta be able to generate a strategy that would enhance their 

rcscquencing of the photos. The importance of a sufticicnt knowledge 
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base has becn stressed in a numbcr of reccnt c\pcrt-novlœ studlc'i (Frcnl'll 

& Thomas, 1987; Vickers, 1986; Stafford. 1988: Abcrncthy & RllS~cll. 

1988); furthermore, the importance of such a knowlcdgc base in problclll 

solving and strategie planning has also bccn demonstratcd in the cogllltivc 

domain (Glaser & Bassok, 1989). 
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CIIAPTER V 

SUl\1l\1ARY, CONCLUSIONS AND RECOMl\IENDATIONS 

5.1 Summary 

The purpose of this study was to examine the effects of two types of videotape 

II1structions on the rescqucncing performance of female tennis players at the 

novice, low, medium, and clitc skllllevels. Treatment anJ testing of the subjects 

was divided into two parts. During the tirst phase subjects were initially asked 

to rcscquence the culturally-normative actIon sequence of drinking a glass of 

jUlce.. They then were tested on the resequencmg of the tennis serve and 

forehand drive action sequences. Three different treatment conditions were 

admll1istcred during the experimental phase of the study. Initially, the control 

group was reqUl red to simply resequence the twelve still photographs of the tennis 

serve as in the pretest situation. Another group was presented a videotape replay 

of the tennis serve played at regular speed, then three times in slow motion and 

then a tinal showing at regular speed. A third group viewed a videotape replay 

in the same sequcnce as the second group but augmented by written skill eues. 

After a rest intcrval a posttest was administered to the three treatment groups in 

exactly the same manner as the pretest. Similar procedures were carried out for 

the forchand dnve. The results indicatcd that the resequencing performance on 
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both the tennis serve and the fon.:hand dnve was rdat~J to e'\pertl,e III tl'Illll'; 

that is, the more skillcd players achlcved slgnitïcantly bctter rcsequcnclng SCl)rL''i 

than the less-skilled players. Furthermore, the slow motion and slow motion 

replay with augmented information treatmcnts slgmtïcantly IInproved the 

resequencing performance of the players in the four skill groups on the lenni~ 

serve but not on the forehand drive. 

5.2 Conclusions 

In sum, within the limits of this study, the followll1g conc1u~lOn::, can he made: 

1. A person's level of expertise 111 tenl11s dlrcctly IIllluenccs hl, or her 

ability to resequence a set of photos of actIon "eqllcncc~ that arc 

commonly used in thc game of tennis. 

2. The use of a slow motIOn vldcotape trcatment progralll 

differentially affccted the rcscqucncing of photO'i of the tenrm 

serve and forehand drive action scqucncc~. The slow motion Video 

replay significantly improved the rescqucncmg performance of the 

players at all skill levcls; however, it dld not affect the 

resequencing of the forehand drive. Task dcmand dlffcrcnce\ were 

used to account for this di ffcrcntial trcatment cffect. 
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3. In contrast to the expected results, the slow motion video replay 

trcatmcnt did not differentially affect the players at different skill 

levels. 

4. Again, in contrast to expected results, the videotape replays with 

augmcnted written information on key cues did not enhance the 

resequencing performance of the players more than the slow 

motion treatment on its own. This result may have been due to an 

information overload or the inclusion of redundant cues in this 

aspect of the trcatment. 

5. Finally, in order to more fully understand the factors that influence 

the development and use of cognitive representations or images of 

the act, the resequencing process was examined from a knowledge­

based perspective. Based on comments made by players during 

and after the experiment, the importance of incrcased declarative, 

and metacognitive knowledge and skills was emphasized. 

5.3 Rccommendations 

1. The nature of cognitive representations, or image of the action, 

nceds to be explored. The use of protocol analysis techniques with 
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players of dltTercnt expertise might provldc a bcttcr lII11IL'r\l,lI1dlllg 

of this important phenomenon. 

2. A number of comments m(\,ie by the playcrs 111 tllIS stlldy 

reinforced sorne of the observations about Icarning that sicm l'rom 

a knowledge-based approach to skill acquIsition. Flirthcr 

descriptive research needs to be complctcd on the nature of the 

image of the act, or cognitive representation of an action 'Icqllcnœ 

The importance of ail five types of knowlcdge about action 10 the 

development of the Image of the ael needs to he IJlve~llgatcd. 

3. As mentioned in the discussion of the results, the type and qllalIly 

of any written eues that are provided must be rc1ated to the kwl 

of expertise of the players. Agam, prolocol analy~l~ III 

conjunction with video taped action sequences would he valuabh: 

in determining this important aspect of an treatrnent progralll. 

4. The relationshlp bctween the levcl of expcrtl~e and anxlcly dunng 

the resequencing proeess needs to be exammed. The tllllC IlIlllt 

given to complete the task needs to be carcfully dClermil1l:d a'l Il 

could negatIvely effcct the performance of the lc~s-'ikI1h;d playcr'l. 
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Neat< court coverage ':3 still working lust ta Keep the Oall 
n play wlth Oth:3 r S 01 ire same aOllity level 

3.0· ThiS ;:;Iayer can place snots wlth mOClerate 
success can sustaln a 'ally 01 SlOw pace Out IS not 
:omfortaOle Wlti'" ail strcKes lacks conSlstency ln servlng 

3.5· ThiS Claver still 'acks strOKe aecenClaollity 
jeptn ana vane'y out ras Improvea abllllY ta alrect snots 
away tram oPPollent rarety aOuole faults Out does not 
.Jsually force errors on the serve Ms forenand and 
CaCKhana vOlleys mth conSlstency If the bail IS wlthln 
reacn 

~.O . ThiS plav~r has depenClable strokes on both 
forehana and Oackhand ~Ides nas Ihe aOllity to use a 
vartety 01 sMtS ,nCludlng 100S. overheaas. approacn SMIS 
ana volleys can olace the flrst serve and force some 
errors, IS rarely .Jut of OOSltlon ln a oouPles game 

4.5· ThiS player has ceg un ta mas ter the use ot 
'Iller and SPins ras sauna footwork can control aeoth 

..;1 ShOtS ana 's aOle to move opponent \..p and baCI< can 

~,t 'l'st 3e r Jes II/Ith aoove average pewer ;lrd J~':, lC, 
:lrc :Jlace '''e secona serve s aOle '0 r"sr ~e' N 'n r· ... 
3uccess :m ser',e aqatnst pla'/e's ot ,>lm,lar ,c"'; 

S 0 . ~hlS Dlayer "as r;eOd ~rot ]nllC :J,)' ,;" 

:lo:e '0 :::""rco""e seme stroKe 'jetlc,enc es Ndr 
)1.~s'arClnç srots or exceotlonal :onSls:encv Nil' 
]ccr::ac~ ~e' at ooportune 'Imes ana s 'Jt!en )O'~ '" 
'orce ;1n er'or or 'T1aKe d Wlnntnq placement :3r ~.e( ..... 
cos :Jrop Sr'ots nalt-'iOIIevs anc overt'leaC ,;rna'ire" ",,'Y' 
aoove average :ll.c:ess s aOle ta Jary 'he spin ~n 'ne 
serve 

55 ThiS Player 's aOle '0 execute JII S:'~kPS 
offenSlvelV anc .:::etenslvely can 'lIt 'Irst serves '0r Nlr'r...,', 
ana seccna serves ta set uO an offenSive SituatiOn 
""'a,r1a,ns a N,nnlng level 01 olay ,n SOCial tenr,s arc ·,.H1 

'eacn at east 're auarterflnals or semlflnalS ot 'ne n,,,rp',' 
p.val CluO or park cnamClonsnlO 

60- ~"'S clayer "as 'lnasterea ail Jf 're 3cc,e 
5~"IS s aOle '0 nit Dotn Sllce and 'OCSOln serves .J" ,d r , 
strategies ana st'{les of play ln competitive $Itudt,ors '; 
caoacle ot op.lng ranl<ed ln a 'T1alOr City or uSTA ':ltSt' C' 

6 5 - ThiS player nas aevelooea cower and/or 
conslstency as a rnalor weapon !"las ail of tre aDO'lp. ';~',IS 

as Nell as 'he concentration necessary for successfLJI 
'ournament ::llay IS capaOle of earnlng a USTA sectl()ral 
'af'lklng 

7 0 . ThiS player '5 nlgtlly sKtlled ln ail ot 'ne 
aoo'le ca'egorles ,s a pollsrea 'Ournament ::)layer N"O 

~as "avP'led extef"slvely 'or sanC:lof'leO comce"t,or:; ~a., 

see" '3r"eO '"'Iatlonaily Dy 're U S TenniS Assec a',CI' 



1 
APPE~DIX "B" 

Irl\tructions for Common Control Ta'ik 

64 

- "1 am going to ~how you a videotape of a person dnnking a glass of juice." 

- "The person will walk to a table, Slt down, drink the glass of juice and then 

leavc the table. " 

- "After you have watched thls video 1 WIll place twelve still photographs of the 

action sequence in front of you. These pictures will be mixed up." 

- "1 wIll then glvc you forty-five seconds to resequence the photographs into 

thcir correct order whlch depicls the actton sequence you saw on the video." 

- "1 WIll let you know when the time is up. Do you have any questions'?" 

1 



:\JlPE~DIX "c" 

Instructions for Prl'tl'st Condition 

Tennis Sene and Forl'hand nrh'c 

- "1 am going to show you a videotape of the serve used m tCllIm .. " 

- "After you have finished watchmg the vIdeo. 1 will plaèl!' twdw '11111 

photographs ln front of you which depict thc ~ame action ~I.!qucnl'e. Il 

- "These photographs will be ln a mixed order. You WIll have l'Orly-live '1l.!èOllth 

to resequence the pictures into the order ln WhlCh yOli thll1k thl~y bdong." 

- "When you hear the timer, the forty-tive seconds IS up and \VI.! wtll thcn go 

through the same procedure with a vldcotape and twelvc pholllgraph'l for the 

forehand dnve. Il 

- "Resequence the cards as weil as yOll possIble cano Do you have ally 

questIOns? " 

1 



l APPE]';DlX "D" 

In"trllction~ for Slow Motion Treatment Condition 

Tennis Serve and Forehand Drive 

- "1 am going to show you a videotape of the serve used in tennis." 

66 

- "The videotape will show you the tenms serve at regular and slow motion 

spceds. " 

- "A ner you have finished watching the videotape, l will place twelve still 

photographs in front of you. These pictures represent the action sequence you 

saw on the vidcotape. The photographs will not be in their proper order." 

- "You WIll have forty-tïve seconds ta resequence the se photographs into the 

order in which YOll think they belong." 

- "Whcn you hear the limer the forty-five seconds 1S up and we will then go 

through the saille procedure for the forehand dnve. Il 

- Il Rcsequcncc the cards as weil as you possibly can. Do you have an y 

questions'?" 

• 



1 
APPE~DIX "E" 

Instructions for Slow Motion with AuenU'ntl'd 

Information Treatment Condition 

Tennis Serve and Forehand Drive 

- "1 am going to show you a videotape of the serve used in tenms." 

67 

"The videotape wlil show you the tennis serve at rcgular and slow motion 

speeds. " 

- "Between sorne of the action sequences on the videotapc, you wJlI sec wnttcn 

eues on the monitor which highlight sorne of the more Important llllllg ... ln 

remernber about the serve." 

- "Once the videotape has tïnished, 1 will place twclvc stIll photograph"i III front 

of you. These photos represent the action sequence you saw on the Video." 

- "These pictures will not be in the correct order. You will haVI.! forl)'-tivc 

seconds to resequence these photographs into the order 111 wlllch yOll thll1~ thcy 

belong. " 



-

68 

- "Whcn you hcar the time the forty-fjve seconds to resequcnce th"~se 

photographs into the order in which you think they belong." 

- "Whcn you hear the lIme the forty-five seconds is up and we will go through 

the samc procedure for the forehand drive." 



1 
APPE~DIX "F" 

Tennis Ser\'e - Auementt.'d Information 

1. STANCE . wClght on back foot. 

2. SWING BACK . both arms movc down and up together. 

3. BALL TOSS . bail "placed" hlgh abovc the heaù . 

.... BACKSCRATCII . samc position as 1 f throwlng overhand. 

5. POINT OF CONTACT . full extension of arm and racquet at II11IMCt. 

6. FOLLO\V-TIIROUGII . racquct moyes down and aCflW, hody. 
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APPE~DIX "G" 

Forchand Drive - Auemented Information 

J. STANCE · feet about shoulder width; knees tlexed. 

2. SWING BACK · shouldcrs tum to side as racquet goes back. 

3. MOVEMENT · small steps toward baIl. 

.t. FORWARD SWING · rotate hips and shoulders forward . 

5. CONTACT · racquet strings square to the bail at impact. 

6. FOLLOW-TIIROUGII 

· right hand in front of left eye. 


