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The Role of Attention in

One-handed Catching

Chapter 1

INTRODUCTION

Anyone who has participated in sport activities

which require catching a ball has probably, at one time

or another, heard the famous statement "Keep your eyes on

the ball." It may have been included as part of an

instruction during the execution of a drill, or perhaps

in the form of a reprimand for having dropped a pass

during the course of a contest. Regardless of where the

statement was first heard, it contains a very important

concept.

It is generally assumed that the focus of attention

and the focus of vision coincide at all times. If such an

assumption is correct, the statement above is not only

intended to persuade players to visually track the ball,

but also to make them attend to the execution of the task

itself. Posner, Nissen and Odgen (1978), however, have

shown that attention can be directed to a location other

than the point of fixation.

Research, in the area of catching, has primarily

focused on the role of vision (Sharp & Whiting, 1974;
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Sharp, & Whiting, 1975; Whiting, 1969; ; Whiting, Gill &

Stephenson, 1970; Whiting & Sharp, 1974), and the role of

proprioception for limb positioning in a one-handed catch

(Diggles, Grabiner, & Garhammer, 1987; Fischman &

Schneider, 1985; Smyth & Marriott, 1982). Valuable

information concerning the process by which catching

skills are executed, has been provided by these

investigators. The question arises, however, as to

whether the understanding of the effect that these

factors have on catching behavior is enough to account

for errors committed by very skilled players during the

course of a ball game. This becomes particularly

questionable in situations where there are no visual

restrictions of either the ball or of the catching hand,

but errors are still made. It appears that there are

other variables which must be considered in order to

explain catching errors made by highly skilled

performers.

The rapid succession with which ball handling plays

follow one another necessitates the processing of

information concerning the next action while the first

action is being executed. For example, during the course

of a play in a basketball game, a player will be in

position to execute a shot, unopposed, for only a very

short period of time. If the decision to shoot the ball

is made after the completion of the catch, the conditions
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for the intended offensive play will very likely have

changed by the time the catch is completed and the

subsequent decision to shoot is made.

Catching is taught differently than many other

sport- related skills. For example, in order to perform

other offensive or defensive skills, players are

constantly required to attend to different sources of

information as long as catching is not involved. During

the execution of catching drills, however, particularly

at a beginner's level, players are required to do one

thing at a time. This appears to be an inappropriate

strategy given the nature of the activity for which the

learner is preparing.

The present study expanded the work of Diggles, et

al. (1987), Fischman and Schneider (1985), Sharp and

Whiting (1974), Smyth and Marriott (1982), Whiting

(1969), Whiting, et al. (1973), and Whiting and Sharp

(1974), related to catching skills and focused on the

contribution of attention to successful catching

performance. The role of attention was investigated using

a dual-task processing paradigm. The assumption

underlying the use of this paradigm is that attention

directed to any given task can be measured by the

performer's ability to simultaneously process information

related to a second task while executing the first task.

The influence of the skill level in determining success
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in catching a thrown ball and on successfully processing

information presented in the peripheral visual field

during the flight of the ball, was also of particular

interest.

The experimental task employed in the study was a

one-handed catch of a tennis ball executed with the right

hand. In 40% of the total number of trials (N = 300), a

Secondary Visual Stimulus (SVS) was presented in the

peripheral visual field at different times during the

flight of the ball. When such an event took place,

subjects were required to execute a throw to a designated

target area immediately after the completion of the

catch. Unlike traditional dual-task processing

experiments, however, subjects were not required to

respond immediately to the presentation of the secondary

task stimulus, but rather to wait until execution of the

primary task was completed. The procedure used in the

present experiment more closely simulates conditions one

would expect to encounter in a sporting situation.

Statement of the Problem

The purpose of the study was threefold: a) to

compare novice and skilled performers in their ability to

successfully complete a one-handed catching task, b) to

examine the role of visual attention in a dual-task

processing situation and, c) to compare the ability of
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novice and skilled performers to process secondary task

information while executing a primary catching task.

Research Hypotheses

The following research hypotheses were investigated:

1. The skill level of a performer interacts with the

type of error committed (positioning or grasping) when

catching is performed under normal viewing conditions.

2. The skill level of a performer interacts with the

type of error committed (positioning or grasping) when

catching is performed in conditions in which a secondary

visual stimulus is presented.

3. The time of presentation of a secondary visual

stimulus will have an effect on the number of catching

errors made by performers regardless of skill level in

executing a one-handed catch.

4. Non-skilled performers will fail to detect the

presentation of a secondary visual stimulus a greater

number of times compared to skilled subjects.

5. Secondary task performance errors will increase for

both skilled and non-skilled performers the closer the

secondary visual stimulus is presented to ball-hand

contact.

6. The secondary task response time of the skilled

performers will be shorter than the secondary task
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response time of the non-skilled performers.

7. Secondary task response time will increase the

closer the presentation of the secondary visual stimulus

to ball-hand contact, for both skilled and non-skilled

performers.

Statistical Hypotheses

The following statistical hypotheses reflect the

previously formulated research hypotheses:

1. Ho:/lAk = 0

Hl: at least one Alk = 0

where:ilk is an interaction contrast of the form

(Mskp -i4skg) (itinsp /ins&

2. Ho: Alit= 0

Hl: at least one ttk = 0

where: Alk is an interaction contrast of the form

(ALskp (asp -/Ansg)

3. Ho : /Ai = 1.12 = 143 = frl4

Hl:/41 =/42 =i).3 =)44

whereiLti = mean of catching errors of conditions

with an SVS presentation.

4. Ho: ilAsksys =itnssys

Hl:LLr-sksys =itillssys

wherepsksys = mean secondary throwing task errors,
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skilled group, secondary visual

stimulus stimulus conditions.

nssys = mean secondary throwing task errors,
It

non-skilled group, secondary visual

stimulus conditions.

5. Ho: /Ai = 143 = /44

Hl: )1A1 =4.2 /1.3 =/t4

where/Li = mean secondary throwing task error,

condition i.

6. Ho: /Asksys =Psnsys

Hl: /Asksys = jMnssys

where: r-sksys = mean secondary task response time,

skilled group.

/Anssys = mean secondary task response time,

non- skilled group.

7. Ho: Pit P2t = Pit =-/A4t

H1: 14.1t =e2t =pit =irot4t

where
/"1t

= mean secondary task response time,

condition i.

Assumptions

1. Subjects performed to the best of their abilities

and according to the instructions.

2. Subjects assigned to the non-skilled group had no

previous experience in playing baseball and/or softball.
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Limitations

1. The subjects participating in the study were

volunteers, and therefore, not randomly selected.

Delimitations

1. The results of this study cannot be generalized to

other populations.

2. The results of this study may not reflect the

subject's ability to catch a ball and process peripheral

information in a more realistic game-like setting.

3. The experiment was delimited to 17 subjects, 9 non-

skilled and 8 skilled subjects.

Definition of Terms

Proprioceptive Information. Information used during the

course of an act, relative to the body, and

to the environment.

Limited Capacity. "a system that is so richly

interacting that its efficient utilization for the

processing of a signal code will usually reduce the

efficiency with which it can process any other signal

code" (Posner, 1978, p.153).
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Positioning Error. Ball-hand contact which does not occur

at the metacarpophalangeal area of the catching hand

(Alderson, Sully, & Sully, 1974).

Grasping Error. Ball-hand contact which occurs at the

metacarpophalangeal joints, however, incorrect timing of

the grasping movement allows the ball to rebound out of

the hand before the grasping movement is completed.
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Chapter 2

REVIEW OF THE LITERATURE

The Catching Task

Catching a thrown ball is certainly a very complex

action. Successful execution of the catch requires not

only perceiving the position of the ball in space, but

also determining where the ball will be and how fast it

is traveling in order to: a) accurately place the

catching hand in the ball's trajectory, and b) execute

the grasping movement at the appropriate time. The

complexity of the task is even greater when it is

executed while running at full speed, resolving the

immediate problems presented by the opponents, and while

taking into consideration general team strategy.

Alderson, Sully and Sully (1974), showed that

temporal precision in a one-handed catch of a lightly

thrown tennis ball was approximately 16 ms or less if

ball-hand contact time was underestimated, and 30 ms or

less if time to contact was overestimated.

Alderson, et al. looked at a one-handed catch under

normal viewing conditions using high-speed photography.

All participating subjects were defined as "competent

game players". Their analysis divided the catching action

into two large components: a) a gross orientation
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movement, which began when the ball was more than 200 ms

away from the hand, and b) a flexion movement, which

began approximately 30 ms before ball-hand contact.

It appeared that at the beginning of the gross

orientation movement, the subject made some spatial

prediction of the ball-hand contact point and used it as

a reference to initiate his movement. The authors argued

that it is possible that information necessary to

organize the gross orientation movement was obtained from

an "early sample" and was later modified according to the

characteristics of the flight of the ball.

The gross orientation movement was immediately

followed by a fine orientation movement which only lasted

150 ms and appeared to be ballistic in nature. An error

was likely to occur if both the gross orientation and the

fine orientation movements were not appropriately

executed. If the ball did not meet the hand in the

optimal area, i.e., the metacarpophalangeal joints, the

impact of the ball was not absorbed, and a fumble was

committed. When the ball met the hand above the optimum

area, the impact caused the fingers to hyperextend, and

the ball rebounded from the end of the fingers. Likewise,

when the impact took place below the prescribed area, the

rebound velocity was too high and the fingers did not

close in time to complete the grasping movement. For the

purpose of the present experiment, a performance error of
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this nature was considered to be a positioning error.

The flexion component was the second part of the

catching action. It was composed of two different

movements: a) the grasping movement of the five fingers

around the ball 40 ms before ball-hand contact, and b)

the grip movement 25-30 ms after ball-hand contact. A

grasping error, consequently, occurs when the catching

hand meets the ball with the appropriate area but the

subject fails to execute the grasping movement or when

the grasping movement is executed too soon, i.e., when

the ball is still out of reach.

Viewing Time

A considerable amount of research has focused on

determining the minimum time needed to extract

information about the flight of the ball in order to

catch it successfully (Sharp & Whiting, 1974; Sharp &

Whiting, 1975; Whiting, 1969; Whiting, et al. 1970;

Whiting & Sharp, 1974). A study conducted by Whiting et

al. (1970) was the first in a series of studies published

by Whiting and his associates in which some mechanical

means was used to achieve ball projection. In earlier

work, (Whiting, 1968) subjects participated in a

continuous throwing and catching task.

Whiting et al. (1970) used a transparent ball which
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was selectively illuminated at different times during its

flight. The experimental room remained dark during the

period of the ball's flight. Results indicated that

watching the ball for longer periods of time enhanced the

probability of successfully completing the task. Whiting,

et al. (1973) confirmed that finding concluding that in

order to ensure optimal performance, it was necessary to

see the ball during its entire flight.

Continuing with the investigation on this particular

aspect of catching, Sharp and Whiting (1974) included a

second source of variation in their design. In addition

to the viewing period (VP) an occluded period (OP)

following the VP was manipulated. The purpose of the OP

was to control when during the flight of the ball visual

information about the flying ball was made available. A

latency period (LP) of 200 ms following the OP was kept

constant. During such a LP the lights of the experimental

room were kept off.

Since the experimental room was dark during the

execution of the task, the experimenters relied on the

subject's comments for the evaluation of catching

errors. A successful trial was reported to be one in

which the ball H... was held upon first contact" (p.

141) .

The results indicated that it was the length of the

interval VP + OP what determined success in the one-
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handed catching task under those restricted viewing

conditions, and not the time in which the ball was

visible. This fact is illustrated by similar results

obtained from combinations of VP 40 + OP 80 = 120 ms and

VP 120 + OP 0 = 120 ms. Similar results were obtained

between combinations such as VP 80 + OP 80 = 160 ms, and

VP 160 + OP 0 = 160 ms.

In a later study, Sharp and Whiting (1975) showed

that given the appropriate combination of VP and OP, it

is possible to successfully execute a one-handed catch to

nearly a perfect level of performance. Keeping a constant

LP of 200 ms, with the ball visible for 480 ms, 440 ms,

and 400 ms, catching success was 91.3 %, 85.8 %, and 85.8

% respectively (M = 87.6 %). Whiting (1986) argued that

this performance was comparable to Smyth and Marriott's

(1982) subjects under normal viewing conditions. It must

be noted that subjects participating in both the Sharp

and Whiting (1974) and Sharp and Whiting (1975) study

were randomly selected university students.

In summary, the data presented by Sharp & Whiting

(1974; 1975) indicates that successful execution of a

one-handed catch is possible under restricted viewing

conditions provided that the right combinations of VP and

OP are used.
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Vision and Proprioception

A different question concerning one-hand catching

was addressed by Smyth and Marriott (1982). They

hypothesized that if it was true that articular

proprioception provided accurate information for limb

positioning, obstructing sight of the catching limb

should not cause any detriment in the performance of the

one-handed catch, particularly in the accurate

positioning of the hand in the trajectory of the ball.

Subjects performed a one-handed catch under three

different conditions: a) with a transparent screen; b)

with a screen painted on black (they could not see the

catching hand); and c) with no screen. The screen was

attached to the side of the subject's head with an

elastic band, and extended forward 25 cm to the right

side of the subject's face and occluded approximately 70

degrees of the visual field. The screen prevented sight

of the catching hand during the entire task. As a

consequence of the screen, however, sight of the ball was

interrupted during its last 150 - 200 ms of flight.

Results indicated that if sight of the catching hand

was prevented, the number of errors in the execution of

the catch increased substantially. Moreover, the nature

of the catching error changed. Under normal viewing

conditions, more errors occurred in the grasp phase of
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the catch, while under conditions in which vision of the

catching hand was occluded, a greater number of errors

occurred in the positioning phase.

These results led Smyth and Marriott to conclude

that sight of the catching limb was important for its

accurate positioning in the trajectory of the ball, and

that vision may be used to calibrate the proprioceptive

system. It was later reported (Smyth, 1982) that the same

results were obtained with subjects considered to be

skilled squash and cricket players.

Fischman and Schneider (1985) replicated Smyth and

Marriott's (1982) study with some variations. The most

important variation was the administration of two similar

experiments with subjects considered to be different in

terms of catching experience. Subjects in Experiment 1

were skilled softball and baseball players (5 years

experience in playing organized baseball or softball).

Subjects in Experiment 2 were considered to be non-

skilled catchers (no experience in playing organized

baseball or softball).

Fischman and Schneider's (1985) results provided

some support to Smyth and Marriott's (1982) claim that

sight of the catching hand was necessary in order to

ensure success in a one-handed catching task. Both groups
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more mistakes when sight of the catching hand was

prevented.

When data from both experiments were compared,

however, results reflected considerable differences in

catching accuracy. Subjects in Experiment 2 (non-skilled)

performed at a comparable level to those of Smyth and

Marriott's (1982) subjects, that is, they made a

significantly greater number of errors when sight of the

catching hand was prevented. Conversely, subjects from

Experiment 1 (skilled baseball and softball players) made

a smaller number of errors under the same conditions.

These subjects were able to catch 81.5% of the balls in

the screen condition with sight of catching hand

prevented, compared to 87.5 % of Smyth and Marriott's

(1982) subjects in the transparent screen condition. On

the basis of their results, Fischman and Schneider (1985)

concluded that the level of skill acts as a mediator in

the use of proprioceptive information.

It must be noted that Smyth and Marriott's (1982)

results, in particular, are in conflict with Sharp and

Whiting's (1975) results, which indicated that visual

restriction of the ball and hand (lights off) during the

last 280 ms during the flight of the ball did not

significantly affect the performer's ability to

successfully complete a one handed catch.

Another aspect of Fischman & Schneider's (1985)
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study referred to the catcher's skilled hand. Since right

handed softball and baseball players execute their

catches with their left hand, the researchers

hypothesized that more positioning errors should be made

with the right hand since it was not used for catching

during games or practices. The results did not support

such a claim. No significant effect for hand was found

and no screen condition by hand interaction was found.

This finding was of particular importance in

defining the criteria for subject selection in the

present study. This was especially true for the skilled

group, whose members had been playing baseball for a

minimum of 9 years and consequently practiced catching

with their left more than with their right hands for that

period of time.

The latest study concerned with the role of

proprioception for accurate limb positioning in a one-

handed catch was carried out by Diggles, Grabiner, and

Garhammer (1987). Their results are in agreement with

Smyth and Marriott's (1982) results. Diggles, et al.

concluded that proprioceptive information was not enough

to accurately position the catching hand in the

trajectory of the ball, when vision of the catching hand

was prevented the number of positioning errors increased

significantly. The grasping phase of the catch,

conversely, was not changed when sight of the catching
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hand was permitted.

Additionally, Diggles, et al. were interested in the

role of experience. Their findings in this respect are

also opposed to those of Fischman and Schneider (1985)

who showed differences in the type of error according to

the level of skill of the subjects. No qualitative

differences were found by Diggles, et al., between

skilled and non-skilled performers. They concluded that

both skilled and non-skilled performers process

information about the trajectory of the ball, hand

positioning, and timing in qualitatively similar ways.

Theories of Attention

As indicated in chapter 1, despite the valuable

information concerning viewing time and the role of

vision and proprioception in catching skills, many of the

catching errors observed during the course of ball games

cannot be explained by either lack of information

concerning the flying ball or lack of sight of the

catching hand or both. During normal game-like

conditions, catching is performed in a context of high

perceptual interference. Information is available to the

performer from a variety of sources, which in most cases

must be taken into consideration in order to be able to

not only perform individual assignments but also to be
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able to coordinate actions with the rest of the team.

Two of the main purposes of the present experiment

were to examine the role of visual attention in a dual-

task processing situation, and to compare the ability of

novice and skilled performers to process secondary task

information while executing a primary catching task. The

following is a rather brief review of some of the

theories of attention formulated to explain how it is

possible that a performer is able to execute multiple

tasks simultaneously.

Limited Capacity

The original idea of limited capacity was presented

by Welford (1952), with the major assumption being that

all processes required attention. Since there was only

one channel available for the information to pass

through, Welford's theory was called "the single channel

theory".

Following the same line of thinking, Broadbent

(1958), Deutsch and Deutsch (1963), Keele (1973), Norman

(1969) and Treisman (1969) proposed what are called

"early theories of attention". Despite some differences,

these early theories shared several common and important

features. They all agreed that there is a limit to the

amount of information that a human can process. Secondly,
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they agreed that there is a limit or a "bottleneck" built

into the system. Before reaching the "bottleneck",

information could be processed in parallel. After

information had reached the "bottleneck", however, serial

processing was the only possible mode of processing.

Thirdly, it was understood that practice could not change

or expand the limitations of the processing system.

Broadbent (1958) formulated what is best known as

the "filter theory of attention". The idea originated

from communication theory (Shannon, 1949), and viewed

attention as consciousness. According to the filter

theory, information could only be processed in a serial

fashion. The control of information flowing through the

system was accomplished by the filter, which selected the

channel to be attended. Unlike communication theory,

however, Broadbent viewed the channels of communication

as active transmitters and processors of information.

Broadbent built his theory around data collected

from shadowing (Cherry, 1953) and split-span experiments

(Broadbent, 1954). Both paradigms studied attention using

audition as the major sensory modality. This served

Broadbent's purposes very well, since information could

be presented to each ear as separate channels. According

to the theory, an input needed to reach the state of
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consciousness in order to be fully processed. Only

information that passed through the filter could reach

such a state. Information from a variety of sources is

available to the human, only one of the inputs, however,

was selected by the filter to be fully processed.

Information that was not allowed through the filter, was

momentarily stored in a buffer to be processed later.

One might ask, at this point, how could this theory

account for performance in some real life tasks in which

parallel processing appears to take place, e.g., driving

a car and talking? Broadbent proposed that such

concurrent behavior was accomplished by switching

attention from one task to the other.

The investigation of attention, using the same

techniques, continued. Some of the results provided

support for Broadbent's basic claims while some others

did not. Moray (1959), using the shadowing technique,

found that subjects could detect their names presented to

the unshadowed ear. This contradicted Broadbent's claim

that only the gross features of the unattended message

were allowed through the filter.

Treisman's (1969) results also contradicted

Broadbent's claims concerning the role of the filter upon

unattended information. In order to explain her results,

Treisman, made the original filter more active. She
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stated that the filter sometimes allowed an ignored

message to pass through based on its gross features, in

accordance with Broadbent. It also allowed the passage of

messages based on more abstract features such as meaning.

Despite the fact that she did not challenge

Broadbent's view of attention as consciousness,

Treisman's data clearly showed that processing of

unattended information was taking place. Later findings,

such as Lewis (1970), showed that people were slower at

shadowing a given word when a semantically associated

word was presented at the same time in the unattended

ear. Despite the fact that subjects were not aware of the

meaning of the unshadowed words, a slower reaction time

indicated that extra processing was necessary due to the

related meaning of both words. These results seriously

attacked Broadbent's view of attention as consciousness.

Deutsch and Deutsch (1963) and Norman (1969) placed

the locus of control in a later stage during the flow of

information through the system as compared to Broadbent's

filter theory (see Figure 1). Deutsch and Deutsch

theorized that all stimuli entering the system were fully

analyzed. This aspect of the theory drew criticism

because such a system would be very inefficient. Norman

avoided such criticism by proposing that the analysis of

all inputs was automatic and unconscious processing. He
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suggested that such processing took place before the

inputs reached the state of consciousness, and that the

system worked as a file system in which the

characteristic features of a stimulus guided the

cognitive system to a specific location in memory.

Knowledge of that particular stimulus was stored in that

location.

The early development of attention theory equated

attention to consciousness. Deutsch and Deutsch (1963)

and Norman (1969) departed from that position and

proposed that the perceptual analysis was done

unconsciously (i.e., it was not limited by attention).

The results of the perceptual analysis were then saved in

memory to be used later. The limitation of the system, in

their view, was located in the process of retrieving the

results of the perceptual analysis from memory.

During the process of evolution of limited capacity

theories, as shown in Figure 1, the location of the

"bottleneck" was moved further back along the chain of

information processing. Keele (1973) argued that the

"bottleneck" was located at the response selection stage.

When contact with memory was made, other information

related to the stimulus was also activated. Several

responses to that particular stimulus, therefore, could

have been selected. It was at this point in which the

limited capacity mechanism was located since one, and
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only one, of all possible responses had to be selected.

Early theories of attention had equated attention

with consciousness. Appropriately, the research generated

in the process was focused in that particular direction.

A different approach was presented by Kahneman (1973).

Like Broadbent (1958) he viewed attention as a limited

capacity. Unlike Broadbent, however, he viewed attention

as a processing capacity rather than as consciousness. Ka

hneman theorized that the available resources were

managed in a significantly different form than in the

filter theory. He believed that tasks demands controlled

the allocation of the available resources. The more

difficult tasks received a larger amount of the total

capacity than less difficult tasks, simply because they

needed more resources to be carried out. Additional

support for Kahneman's position was provided by Zelniker

(1971) with a variation of the original shadowing

paradigm.

Multiple Resource Theory

Because of the extensive empirical evidence showing

that dual-task performance without detriment in either

task was possible, Allport, Antonis, and Reynolds (1972);

McLeod (1978); and Mayon and Gopher (1979) proposed that

information was processed by a group of highly
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specialized independent processors, instead of a system

capacity or a bottleneck. For these models, dual task

performance was possible, as long as the same independent

processors were not tapped by more than one of the

concurrent tasks.

Unlike the limited capacity theories of attention,

the multiprocessors view argued that attention could be

focused on different stages of processing occurring at

the same time. The explanation given by limited capacity

theories about the concurrent performance of two tasks

without any detriment in the performance of either, is

that either one or both tasks is performed automatically.

Allport (1980) strongly opposed such a hypothesis.

One of his chief arguments is that at the present time

such a hypothesis is untestable. Inferences are made

about the way such a mechanism would operate, but no

empirical evidence has been offered.

A Functional View of Attention

A completely different view of attention has been

presented by Neumann (1987). His approach focuses on why

attention is limited rather than where it is limited.

He proposed H... that the limits of attention are
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not due to processing limitations, but rather result from

the way in which the brain solves selection problems" (p.

362), namely, the problem of "effector recruitment", and

the problem of "parameter specification". Through the

former, Neumann refers to what he calls "the scarcity of

effectors". A great deal of sharing occurs in the use

of the few available effectors. The reader is encouraged

to think of the number of different skills performed, for

example, with the hands. These skills, however, must be

organized in such a way that no two different actions are

intended at the same time. A common example can be

observed during the course of ball games. It appears that

some players attempt, in response to the sudden

presentation of a special play, to execute the next

action (passing the ball or shooting) a fraction of a

second before completion of the catch. The usual outcome

is failure in completing both actions.

Through the latter, Neumann addresses the problem

generated by having to specify the parameters for the

skills to be executed. Skills are stored in memory as

abstract entities. Before a skill is used, the parameters

for the particular action to be carried out, must be

specified. The efficiency with which such a process is

completed will determine the extent to which other

concurrent actions can be executed.

In the case of high level skills, such as catching,
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Neumann (1987) proposes that parameters are specified by

sub-skills within the skill. If the parameters cannot be

specified in this way, the attentional mechanisms for

parameter specification will come into play, with the

associated interference and loss of efficiency (Neumann,

1984).

According to Neumann (1987) the problem of parameter

specification involves the analysis of two potential

problems, in Neumann's words "underspecification, and

overspecification" (p. 382). The former refers to the

context in which not enough information for the

specification of an action exists. The latter, in turn,

refers to the problem created by the availability of

several pieces of information that could specify the same

parameters, and that are mutually exclusive. For the

purpose of the present discussion, we are concerned only

with the problem generated by overspecification, in

particular, with the problem of object selection. As

Neumann (1987) asked "... why the selection--at least the

attentional selection--of an object to specify parameters

of one particular action results in the rejected objects

being decoupled from all action" (p. 385). Neumann argued

that the benefit of the decoupling of other objects from

action is the protection of the ongoing action against

possible interruptions. In the context of the

experimental task used in the present study it can be
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argued that indeed subjects need to first complete the

catching action before engaging in any other subsequent

action. In addition, subjects may need to decouple

rejected objects from all action in order to be able to

specify the parameters for the execution of the catch

itself.

The Secondary Task Technique

The experimental task used in the present study does

not fall in the category of the traditional secondary

task technique. It is, therefore, necessary to briefly

review its major theoretical foundation.

The idea of using a secondary task as a measure of

the workload of some other task (primary task) comes from

the assumption that "human processing capacity, or

resource pool, is unitary" (Hawkins & Ketchum, 1980). The

technique entails the performance of a set of two

simultaneous tasks. Processing priority is given to the

designated primary task (subject must perform at a

certain level) which will require a certain amount of the

total processing capacity. The secondary task is,

therefore, performed with the remaining capacity not

being used by the primary task (Kerr, 1973).

A highly demanding primary task, for instance, will

leave very little capacity to be used by the secondary
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task. Conversely, a less demanding primary task will

require a smaller amount of the total capacity. This

situation, therefore, will allow the secondary task to be

performed more efficiently.

The secondary task technique has been applied in

different forms, for example, interval production

(Michon, 1966), shadowing (McLeod, 1973), memory

(Broadbent & Gregory, 1965), and the most widely known,

probe RT (Posner & Boies, 1971).

The probe RT technique requires the subject to: a)

perform the designated primary task at a given level; and

b) to respond to a stimulus (generally auditory) by

pressing a button. The technique earned its reputation

from being reasonably unspecific and resistant to

practice effects. A major problem, however, is that a

different pattern of interference will be obtained

depending on the selected pair of tasks. If it is used

with the purpose of measuring general processing

capacity, different results can be obtained according to

the chosen pair of tasks. McLeod (1978) presented very

strong evidence in this regard. His experiment was

designed to evaluate the role of output interference in

the probe RT paradigm. The designated primary task was a

delayed letter matching task (which required manual

output). The secondary task
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required either a manual or a vocal response to a probe.

He obtained an entirely different pattern of interference

between the manual-manual and the manual-vocal

conditions. He found, in fact, almost no interference was

generated in the manual-vocal condition. In summary, the

pattern of interference to be obtained from a particular

pair of tasks will be specific of that combination.

In applied sport settings such as basketball or

baseball (catcher), players must process information in

parallel. The overt responses to those particular pieces

of information are not necessarily executed upon

presentation. In the case in which the to be caught ball

is involved, players must first complete the catch, and

then, execute the following action.

In order to address such questions, it was necessary

to design a paradigm that resembled, to a certain

extent, such a type of processing.

The present review of the literature was divided in

two main sections, the first section focused on studies

concerning catching skills. The second section was

intended to review contradictory theoretical positions

concerning attention.

The first section reviewed studies that focused on

the minimum time required to extract information about

the flying ball (Sharp & Whiting, 1974; Sharp & Whiting,
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1975; Whiting, 1969; Whiting, et al. 1970; Whiting &

Sharp, 1974), and the later studies that subsequently

looked at the role of proprioception for limb positioning

in a one-handed catch (Diggles, et al., 1987; Fischman &

Schneider, 1985; Smyth & Marriott, 1982). The major

conclusion of this research has been to reiterate the

importance of vision, in this case of the catching limb

to ensure its accurate positioning in the trajectory of

the ball. Furthermore, vision functioned to calibrate the

proprioceptive system during the course of the motor

action.

The second section reviewed the different answers

found in the literature to the basic question of how it

is possible that a performer is able to execute multiple

tasks simultaneously (e.g., Broadbent, 1958; Kahneman,

1973; Wickens, 1984). Despite some differences, all

theories assume the existence of a finite pool of

attentional resources which, if exceeded results in

poorer performance of one or both tasks concurrently

being performed. Possible interference can only be

avoided if one or both of the tasks are performed

automatically. Neumann (1987) proposed an alternative

view of attention which particularly addresses the

question of why attention is limited in certain

conditions. He proposes that limited attention results

from the need to solve the many selection problems
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originated in the control of action.

In addition, the theoretical issues involved in the

development and use of the secondary task technique were

analyzed.
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Chapter 3

METHODS AND PROCEDURES

Introduction

The purpose of the present study was threefold: a)

to compare novice and skilled performers in their ability

to successfully complete a one-handed catching task, b)

to examine the role of visual attention in a dual-task

processing situation and, c) to compare the ability of

novice and skilled performers to process secondary task

information while executing a primary catching task.

Subjects

Subjects were 20 right-handed males aged 19 to 28

years enrolled at Oregon State University. Group 1 was

composed of 10 subjects, who were members of the Oregon

State University Varsity Baseball Team. Group 2 was

composed of 10 subjects with no previous experience in

playing organized baseball or softball. The criteria for

selection of subjects was a success rate of 50% in

catching a yellow tennis ball with one hand. All

participating subjects reported to have normal 20/20

vision. Subjects wearing glasses were not accepted due to

safety reasons.
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Apparatus

A Jugs baseball pitching machine was used to project

tennis balls toward the subject at an angle of 15

degrees, and a speed of approximately 10.0 meters per

second. A partition measuring 2.00 X 2.3 meters, with a

circular opening 12 cm in diameter and approximately 1.5

meters from the floor, was placed in front of the

throwing machine. The distance between the exit point of

the ball, through the partition, and the estimated point

of contact between the ball and the catching hand, was

5.60 meters. The flight time was approximately 560 ms. A

schematic diagram of the apparatus layout is presented in

Figure 2.

A rectangular shaped plexiglass target, measuring 20

X 26 cm., and mounted 133 cm. from the ground, was fitted

with a photographic flash unit (Vivitar Auto-Thyristor

2800-D). This apparatus served as both the source of the

secondary visual stimulus (SVS) and the endpoint target

associated with the secondary task of throwing. The

apparatus was positioned at an angle of 60 degrees,

measured from the center of the target, to the left of

the partition's exit point and at a distance of 5.9

meters from the subject. The flash emitted from the SVS

was orange in color.

The onset of the SVS was controlled by an IBM
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microcomputer. A signal from a photocell, placed level

with the point of exit of the tennis ball from the

pitching machine, triggered the trial's timing sequence.

Presentation times of the SVS were tested for

consistency by executing a total of 100 trials for each

response condition on each of two consecutive days. The

time of relay closing was measured for conditions 1, 2,

and 3 (-300, -150, and -50 ms), the presentation of the

SVS in condition 4 was triggered as a result of the ball

contacting the hand, and was, therefore, not tested. The

time of relay closing was measured with a Lafayette

Digital Display Stopclock model 54030. A summary of the

means and standard deviations obtained for each testing

session are presented in Table 1. The large standard

deviation observed in condition 3 was not considered to

pose a significant effect on the result of the experiment

since the variation was within one visual reaction time

(80 ms) .

A mini-microphone, attached to the dorsal area of

the third phalange of the middle finger of the catching

hand, was used to signal ball contact with the catching

hand. The signal measured the overall flight time of the

projected ball. A similar device was used by Whiting and

Sharp (1974).

A second mini-microphone was attached to the frame

supporting the SVS. Its purpose was to record the ball's
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Table 1

SVS Reliability

Means and Standard Deviations

Cond. 1 Cond. 2 Cond. 3

Day 1

M 298.06 138.52 58.00

SD 16.56 16.05 30.95

Day 2

M 310.00 135.98 49.40

SD 50.67 14.34 30.91
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contact with the target. The time elapsed between the

ball contacting the hand and the ball striking the target

was measured in this way.

A Panasonic VCR camera was used to videotape the

catching hand for the purpose of evaluating the type of

error made in the execution of the catch. The camera was

positioned on a tripod at 4.9 meters in front, and to the

right, of the subject (see Figure 2).

Experimental Procedures

Each subject was required to perform in the control

and all four SVS conditions. The total number of trials

(N=300) administered was subdivided into 6 blocks

comprised of 50 trials each. A three minute rest interval

was provided between each block of trials.

On 40% of the total number of trials administered,

an SVS was presented at one of four predetermined

intervals during the flight of the ball. No SVS was

presented on the remaining 60% of the trials. The order

of presentation of the conditions was randomized. A

summary of the experimental conditions is presented in

Table 2.

Prior to the start of testing, subjects were given a

set of instructions to read and the statement of informed

consent, after which they were instructed to stand beside
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Table 2

Experimental Conditions

Conditions SVS Presentation Time

Control No SVS

Condition 1 - 300 ms

Condition 2 - 150 ms

Condition 3 - 50 ms

Condition 4 0 *

* simultaneous with ball-hand contact
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the catching position in order to observe two sample

throws (copies of the instructions sheet and of the

statement of informed consent are included in Appendixes

A and B respectively). Immediately after the two

demonstration trials, subjects were instructed to stand

at the catching position (behind the yellow line 5.9 m in

front of the partition which concealed the ball-throwing

machine). Subjects were then instructed to execute 10

practice catches. The number of errors committed in these

first trials was recorded. If subjects were unable to

successfully complete 50% of the catches, they were

excluded from the study. No subjects were excluded due to

failure to meet the 50% criteria.

Prior to commencement of the test trials, subjects

were required to fixate on a light situated immediately

above the exit point of the partition. They were then

asked to verbally respond if they saw the flash from the

SVS in their peripheral visual field. All subjects

correctly responded to the presentation of the SVS.

Before each trial, subjects stood at the catching

position. The subject's right foot was positioned so that

it was in line with the exit point of the ball through

the partition. The catching limb was in a relaxed

position at the side of the body.

Each trial began with the onset of a 500 ms warning

light positioned 15 cm immediately above the ball's exit
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point through the partition. Approximately two to three

seconds later, the ball was projected from the machine

and became visible to the subject.

The subject's primary task was to catch the

projected tennis ball with the right hand. On trials in

which an SVS was presented, subjects were required to

catch the projected ball and then throw it at the

designated secondary target area as quickly, and

accurately as possible. This constituted the secondary

task.

On trials in which no SVS was presented, subjects

were required to execute a one-handed catch and then

deposit the ball in a box situated immediately to their

right. Trials in which the flight time was measured to be

shorter than 540 ms, or longer than 610 ms, were

automatically repeated. These criteria was established

as a result of the time flight reliability testing

conducted prior to the start of the experiment. The

average number of repeated trials for each subject was (M

= 25, SD = 10.29), that is, 8.31 % of the total number of

trials had to be repeated due to inconsistency of the

throwing device.

Subjects' performance was measured by the following

dependent variables: a) catching error, b) secondary task

performance error, and c) secondary task response time. A

performance error for the first dependent variable,
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catching error, was recorded if the subject fumbled the

ball. Two types of catching errors were distinguished: 1)

positioning error, and 2) grasping error. A positioning

error was recorded when, in the event of a fumble, the

ball did not contact the catching hand in the

metacarpophalangeal area. A grasping error was recorded

if the ball contacted the hand in the metacarpophalangeal

area but the grasping movement was not executed on time,

causing the ball to rebound from the closing hand. The

type of error committed was identified using videotape. A

performance error for the second dependent variable,

secondary task performance error, was recorded if the

subject failed to execute the overhand throw to the

secondary target area. The third dependent variable,

secondary task response time, measured the time elapsed

between the ball first contacting the subject's catching

hand and the ball hitting the secondary target area.

Treatment of the Data

A 2 X 2 (Group X Catching Error) Analysis of

Variance (ANOVA) with repeated measures on the second

factor was used to analyze the catching error dependent

variable in condition one (no SVS presentation). The

between subjects factor, consisted of two levels: skilled

group and non-skilled group. The within subjects factor,
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consisted of two levels corresponding to the type of

catching error: positioning or grasping.

A 2 X 4 X 2 (Group X Response Condition X Catching

Error) ANOVA, with repeated measures on the second and

third factors, was used to analyze the catching error

dependent variable for the response conditions in which

an SVS was presented. The between subjects factor

consisted of two levels - skilled and non-skilled. The

first within subjects factor, consisted of four levels

corresponding to each of the four experimental conditions

in which an SVS was presented. The second within subjects

factor, consisted of two levels corresponding to each

type of catching error (positioning or grasping).

The secondary throwing response data, and the

secondary task response time dependent variables were

individually analyzed using a 2 X 4 (Group X Response

Condition) ANOVA with repeated measures on the second

factor.

The power of each of the performed test was

calculated, a complete table is displayed in Appendix D.

Hypotheses were rejected at a probability level of 0.05.

Post-Hoc Tukey Honestly Significant Difference (HSD)

comparisons were conducted to determine the locus of the

difference between means if a significant F was obtained.
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Chapter 4

RESULTS AND DISCUSSION

The purpose of the present study was threefold: a)

to compare novice and skilled performers in their ability

to successfully complete a one-handed catching task, b)

to examine the role of visual attention in a dual-task

processing situation and, c) to compare the ability of

novice and skilled performers to process secondary task

information while executing a primary catching task.

Description of the Subjects

Subjects were 20 right-handed males aged 19 to 28

years (M = 20.63, SD = 1.68) enrolled at Oregon State

University. Group 1 (skilled) was composed of 10

subjects, who were members of the Oregon State University

Varsity Baseball Team. Group 2 (non-skilled) was composed

of 10 subjects with no previous experience in playing

organized baseball or softball.

Three of the 20 subjects participating in the

experiment were dismissed and their data were not

analyzed. This decision was based on the fact that their

secondary task performance error scores were more than

two and/or three standard deviations from the group means

across all experimental conditions. Performance-related
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means and standard deviations for the dismissed subjects

compared to their respective experimental groups are

presented in Appendix E.

Statistical Analysis

Control Condition - No SVS Presentation

Primary Task - Catching Error

To determine whether the level of skill affected the

number and/or the type of catching error made during the

execution of the one-handed catching task under normal

viewing conditions, a 2 X 2 (Group X Catching Error)

Analysis of Variance (ANOVA) with repeated measures on

the second factor was performed. A significant main

effect for catching error (F (1,15) = 15.03, p < .001)

and a significant two-way interaction was obtained for

the factors of catching error and group, F (1,15) =

11.57, p < .001. No violation of the esphericity

assumption was obtained. A summary of the ANOVA findings

is presented in Table 3.

Tukey Honestly Significant Difference (HSD) post-hoc

comparisons further indicated that the non-skilled group

made a significantly higher number of positioning errors

(M = 13.44, SD = 5.96) when compared to the skilled group

(M = 5.88, SD = 7.24). Furthermore, the number of

positioning errors made by the non-skilled group (M =
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Table 3

2 X 2 (Group X Catching Error) ANOVA

Control Condition - No SVS Presentation

Source df Mean Square F Sig. of F

Group 1 134.59 2.51 .13

Error 15 53.57

Catching Error 1 141.24 15.03 .00

Catching Error 1 108.76 11.57 .00

Error 15 9.40
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of the ANOVA results is presented in Table 4.

A significant group by catching error interaction

was obtained, F (1,15) = 5.29, p < .05. A main effect for

group was also found to be statistically significant, F

(1,15) = 15.64, p < .001. Neither the three-way

interaction (Group X SVS Condition X Catching Error) or

either of the possible two-way interactions (SVS

Condition X Group; Condition X Catching Error) were

statistically significant.

The results of a Tukey HSD further indicated that

the locus of the difference between skill groups was due

to the number of positioning errors made only. The non-

skilled group made a significantly greater number of

positioning errors (M = 3.81, SD = 2.82) when compared to

the skilled group (M = .78, SD = 1.23). No significant

differences were evident between skill groups for

grasping errors (see Figure 4).

Hypothesis number two predicted that the skill level

of a performer interacts with the type of error committed

(positioning or grasping) when catching is performed in

conditions in which a secondary visual stimulus is

presented.

This hypothesis was not rejected. Post-hoc Tukey HSD

comparisons indicated that the non-skilled group made a

significantly greater number of positioning errors (M =

3.81, SD = 2.82) when compared to the skilled group (M =
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Table 4

2 X 2 X 4 (Group X SVS Condition X Catching Error) ANOVA

Source

Conditions 1 - 4

df Mean Square F Sig. of F

Group 1 166.02 15.64 .00

Error 15 10.62

Condition 3 1.37 .49 .69

Condition X Group 3 .75 .27 .85

Error 45 2.82

Catching Error 1 1.60 .38 .55

Catch. Err. X Group 1 22.27 5.29 .04

Error 15 4.21

Cond. X Catch Error 3 3.27 1.06 .37

Cond. X Catch.Error

X Group 3 5.86 1.91 .14

Error 45 3.07
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.78, SD = 1.23). Conversely, no significant differences

were evident in the number of grasping errors made by the

skill group.

Hypothesis number three predicted that the time of

presentation of a secondary visual stimulus will have an

effect on the number of catching errors made by

performers regardless of skill level in executing a one-

handed catch. This hypothesis was rejected on the basis

of the experimental findings. None of the two or three-

way interactions involving the SVS condition factor or

the main effect for SVS condition were found to be

statistically significant.

Secondary Throwing Task

A 2 X 4 (Group X SVS Condition) ANOVA with repeated

measures on the second factor was conducted in order to

determine whether the presentation of a SVS during the

execution of a one-handed catch could be detected. A

significant main effect for group, F(1,15) = 7.88, p <

.01. and a significant main effect for SVS condition, F

(3,45) = 4.87, p < .01 were obtained. The SVS condition X

group interaction was not significant. A summary of the

ANOVA results is presented in Table 5.

The significant main effect for group demonstrated

that the non-skilled group failed to see the presentation
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Table 5

2 X 4 (Group X SVS Condition) ANOVA

Secondary Throwing Task

Source df Mean Square F Sig. of F

Group 1 560.12 7.88 .01

Error 15 71.07

Condition 3 106.05 4.87 .01

Condition X Group 3 7.70 .35 .79

Error 45 21.77
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of the SVS a significantly higher number of times (M =

10.00, SD = 6.44) compared to their more skilled

counterparts (M = 4.25, SD = 4.24).

The results of Tukey HSD comparisons conducted as a

result of obtaining a main effect for SVS Condition

indicated that the locus of the differences existed

between conditions 1 and 4 only. That is, both skill

groups failed to see the SVS, as indicated by their

failure to execute the required secondary task throw, a

significantly greater number of times in condition 4 when

compared to condition 1. No significant differences were

obtained for any of the remaining SVS conditions

(subjects' performance in the secondary throwing task is

presented in Figure 5).

Hypothesis number four predicted that non-skilled

performers will fail to detect the presentation of a

secondary visual stimulus a greater number of times

compared to skilled subjects. This hypothesis was

supported. The significant main effect for group

indicated that the non-skilled group failed to execute

the secondary throwing task a significantly greater

number of times when compared to the non-skilled group.

Hypothesis number five predicted that secondary

visual stimulus detection errors will increase for both

skilled and non-skilled performers the closer the

secondary visual stimulus is presented to ball-hand
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contact. A significant main effect for SVS condition

supported this hypothesis. Post-hoc comparisons revealed

that subjects were able to detect the SVS a greater

number of times when it was presented approximately 300

ms (condition 1) prior to hand contact as opposed to

simultaneously with ball-hand contact (condition 4).

Secondary Task Response Time

A 2 X 4 (Group X SVS Condition) ANOVA with repeated

measures on the second factor yielded two major findings,

a significant main effect for SVS condition, F (3,45) =

239.25, p < .001, and a significant main effect for the

between subjects factor of group, F (1,15) = 4.46, p <

.05. The group X SVS condition interaction failed to

reach statistical significance. A summary of the ANOVA

results is presented in Table 6.

The main effect for group indicated that the skilled

group was significantly faster in completing the

execution of the secondary throwing task (M = 1093 ms, SD

= 218 ms) when compared to the non-skilled (M = 1254 ms,

SD = 202 ms). Tukey HSD comparisons were performed as a

result of obtaining a significant main effect for SVS

condition. Results revealed significant differences for

each of the four SVS conditions presented. That is, the
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Table 6

2 X 4 (Group X SVS Condition) ANOVA

Secondary Task Response Time

Source df Mean Square F Sig. of F

Group 1 9207898.64 4.46 .052

Error 1 15 2065489.60

Condition 3 3510261.54 74.66 .00

Error 2 27 47019.50

Condition 3 29757.67 1.03 .41

Error 3 18 29018.54
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secondary task response time increased significantly as

SVS presentation occurred closer to ball-hand contact

(see Figure 6).

Hypothesis number six predicted that the secondary

task response time of the skilled performers will be

shorter than the secondary task response time of the non-

skilled performers. This hypothesis was supported on the

basis of the experimental findings obtained.

Hypothesis number seven predicted that the secondary

task response time will increase the closer the SVS is

presented to ball-hand contact, for both the skilled and

non-skilled groups. This hypothesis also was supported.

The significant main effect for SVS Condition clearly

demonstrated that the time elapsed between the ball

contacting the hand and the ball hitting the target area

was significantly affected by the time at which the

secondary visual stimulus was presented.

Discussion

The analysis of catching errors in the control

condition (no SVS presentation) revealed that the type of

catching errors varied with the level of skill of the

performer, with the non-skilled group experiencing

greater difficulty in positioning the catching hand in

space prior to ball-hand contact. The skilled group, in
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contrast, made a similar number of positioning and/or

grasping errors.

These results do not replicate those obtained by

Smyth & Marriott (1982) and Fischman & Schneider (1985).

Their findings suggested that in normal viewing

conditions, the majority of catching errors tend to be

associated with the grasping rather than the positioning

phase of the catch. Furthermore, no variation in the type

of catching error was observed between the two skill

groups in Fischman & Schneider's (1985) study. Although

not directly compared, the skilled and non-skilled groups

tested made a higher number of grasping errors in normal

and screen conditions.

The differences in the type of catching error

observed in the earlier studies cited and the present

experiment may be due, in part, to the way in which the

catching errors were defined. In the two earlier studies,

a positioning error was recorded if ball-hand contact did

not take place with either the metacarpophalangeal joints

or the palm of the hand.

The criteria adopted in the present study was based

on a high speed photography analysis conducted by

Alderson, Sully, & Sully (1974). Their findings indicated

that the most appropriate area for ball-hand contact was

the metacarpophalangeal area. If the ball did not contact

the catching hand within this prescribed area, a fumble
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was likely to occur. In summary, the criteria used in the

present experiment was much more rigid when compared to

that used by Smyth & Marriott (1982) and Fischman &

Schneider (1985). Criteria used in the earlier

experiments permitted a greater margin of error for the

positioning phase of the catch.

A second explanation for the differences in

experimental results obtained by Smyth & Marriott (1982);

Fischman & Schneider (1985) and the author of the present

experiment can be attributed to the subject sample

chosen. Smyth & Marriott's subjects were described as

skilled squash and cricket players, therefore, their

results cannot be directly compared to the present

experiment due to differences in sport background. In

spite of the fact that their subjects were not skilled

catchers, Smyth & Marriott (1982) suggested that the use

of the upper limbs necessary for performing sport

activities such as squash and cricket, may provide the

experience needed to accurately position the catching

hand in the trajectory of the ball for the successful

completion of a one-handed catch.

Fischman & Schneider's (1985) non-skilled subjects

were described as individuals with no experience playing

organized baseball and/or softball, moreover, those

individuals considered themselves inexperienced in such

activities. This criteria did not exclude individuals
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with exposure to those activities at a recreational

level. It can, therefore, be inferred that those subjects

could have had greater experience with the specific

action of one-hand catching. Support for such an

explanation is found in the similar results obtained by

Smyth & Marriott, whose non-skilled subjects also made a

higher number of grasping errors.

The present experiment's non-skilled subjects, in

contrast, were primarily soccer players, with almost no

exposure to activities that required the use of the upper

limbs. The larger number of positioning errors committed

indicated that they made the majority of their errors

while trying to solve the first problem posed by the

skill itself. According to Alderson, Sully, & Sully

(1974) a performer must first accurately orient

(position) his hand in the trajectory of the ball in

order to then execute the flexion movement.

In conditions in which an SVS was presented during

the flight of the ball, non-skilled subjects' catching

performance was consistent with their performance in the

control condition, i.e., a higher number of positioning

errors were made (see Figure 4). This result confirmed

the hypothesis that non-skilled subjects experienced

greater difficulty in solving the first problem presented

by the skill, i.e., accurate positioning of the catching

hand in the trajectory of the ball. In fact, the
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additional information the non-skilled subjects needed to

process as a consequence of SVS presentation, caused an

increase in the percentage of positioning errors from

7.47 % in the control condition to 12.69 % in SVS

conditions; a summary of the percentages of catching

errors in presented in Table 7. In summary, under normal

viewing conditions, the skilled group experienced little

difficulty with either the positioning or the grasping

phases of the one-handed catch.

Neither of the interactions involving the condition

effect nor the condition main effect revealed significant

differences.

As stated at the beginning of the study, one of the

primary purposes of the experiment was to examine the

role of attention in a one-handed catching task. A

variation of the traditional dual-task processing

paradigm was used for such a purpose. Such a variation

resided on the timing of the execution of the secondary

task, i.e., in the present study, the performer did not

have to react immediately to the presentation of the SVS

(reaction time) but rather complete the execution of the

primary task and then execute the secondary task.

The designated primary task was a one-handed

catching task, and the secondary task was the execution

of a throw to a designated area as a response to the

presentation of an SVS in the subject's peripheral visual



Table 7

Catching Error

Percentages

Control SVS Condition

Sk. Nonsk. Sk. Nonsk.

Post. 3.27 7.47 2.6 12.69

Gras. 2.99 3.21 4.69 9.26

66
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field, at different stages, during the flight of the

ball. The complexity of the catching task was increased

as a result of the subject having to process information

related to two separate tasks simultaneously.

Significant changes in performance as a function of

when the SVS was presented were observed between

conditions 1 and 4. That is, when the SVS was presented

approximately 300 ms before ball-hand contact, subjects

were able to process additional secondary task

information while still successfully completing the

execution of the one-handed catch. Conversely, when the

SVS was presented at the approximate time of ball-hand

contact (e.g., 0 ms), subjects were no longer able to

process secondary task-related information and also

perform the task in progress. While the time of SVS

presentation did not significantly affect the performance

quality of the one-handed catching task, its compromising

effect was evident in the increased number of failures to

detect the SVS the closer its presentation to ball-hand

contact. This effect was evident for both skilled and

non-skilled performers. While significant differences in

the performers' ability to detect the SVS were evident

when the SVS was presented approximately 300 ms as

opposed to 0 ms before ball-hand contact, the trend of

the data in Figure 5 suggests that detection of the SVS

became increasingly more difficult as its presentation
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was closer to ball-hand contact. It is also of interest

to note that the non-skilled performer experienced

increased difficulty detecting the SVS earlier in the

trajectory of the ball when compared to the more skilled

performer (i.e. 150 vs. 50 ms before ball-hand contact)

albeit not statistically significant.

Diggles et al. (1987) found that visual occlusion of

the catching hand resulted in greater difficulty in

correctly positioning the catching hand in space for

skilled and non-skilled performers as indicated by the

increase in positioning errors observed. The authors

attributed the increased error to the elimination of

visual feedback essential for correct positioning of the

catching hand prior to ball-hand contact. The results of

the present study would also support such a conclusion.

Both skilled and non-skilled performers in the present

study experienced increased difficulty processing

additional visual information when presented just prior

to or, simultaneous with ball-hand contact. Although this

inceased difficulty did not lead to poorer catching

performance, it significantly affected the performer's

ability to process secondary task information. This is

likely due to the fact that subjects were directing all

available visual attention to positioning of the hand in

preparation for catching the ball. Attempts to continue

processing information relevent to a second action while
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also attending to the first would likely have produced

similar results to those obtained by Diggles, et al.

(1987) when vision of the catching hand was occluded.

Consistent with Neumann's (1987) functional view of

attention, the present findings suggest that subjects

block secondary task information in order to prevent

interruption to the action in progress. The significant

increases observed in mean performance error associated

with detection of the SVS in both skill groups supports

this conclusion. This blocking or, "decoupling" of the

secondary action is thought to occur as a result of

directing all available visual attention to the

specification of a particular parameter related to the

first action which could not be completed in advance of

the action. In the case of catching, it appears that the

parameter of hand position cannot be specified until a

critical point in the ball's flight. This selection

serves as a precursor to the accurate timing of the

grasping action. Failure to specify this parameter

accurately, whether it be due to not being able to see

the catching hand at some critical point in the ball's

flight or attempting to attend to too much environmental

information at once can be expected to result in more

catching errors.

It is evident that both skilled and non-skilled

performers must visually attend to specifying hand
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position prior to ball-hand contact. Proprioceptive

feedback does not appear to be sufficient to position the

hand in the ball's trajectory. The need to allocate all

attentional resources to this parameter specification

prevents the processing of additional peripheral

informtion. Where skill level may serve as a mediator in

this function is both with respect to the point at which

parameter selection begins in the ball's trajectory and

the speed with which the specification is completed.

The trend evident in the data presented in Figure 5

suggest that the non-skilled performer blocks secondary

task information at an earlier point in the ball's

trajectory (approximately 150 ms from ball-hand contact)

when compared to the more skilled performer who appears

able to continue processing secondary task information

until approximately 50 ms prior to ball-hand contact. The

non-skilled performer appears to need more time to

specify the appropriate parameter of hand position and

therefore ceases to process secondary task information

earlier.
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Chapter 5

SUMMARY AND CONCLUSIONS

The purpose of this investigation was threefold: a)

to compare novice and skilled performers in their ability

to successfully complete a one-handed catching task, b)

to examine the role of visual attention in a dual-task

processing situation and, c) to compare the ability of

novice and skilled performers to process secondary task

information while executing a primary catching task.

Summary of Procedures

The experiment was conducted at Oregon State

University during Fall 1987. The subjects were 20 right-

handed volunteers, ten were members of the Oregon State

University Varsity Baseball Team; the other ten were

students enrolled at Oregon State with no experience in

playing either softball or baseball. Their ages ranged

from 19 to 28 years. Two subjects from the skilled group

and one from the non-skilled group were dismissed and

their data were not analyzed. This decision was based on

the fact that their performance in the secondary throwing

task was between two and three standard deviations from

the group mean across all experimental conditions.

Subjects participated in a single experimental
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session in which they were required to execute 300 right-

handed catches of a tennis ball. On 40% of the total

number of trials, a secondary visual stimulus (SVS) was

presented in the peripheral visual field at different

times during the flight of the ball. On these trials,

subjects were required to complete the catching task and

then immediately throw the ball at the secondary target

area which also served as the SVS.

The SVS was presented at a location which was at an

angle of 60 degrees from the exit point of the partition

concealing the throwing machine, and to the left of the

subject. The SVS was presented in the form of an orange

flash, and its presentation was controlled by an IBM

microcomputer. A mini-microphone, attached to the dorsal

area of the third phalange of the middle finger of the

catching hand, was used to signal the contact of the ball

with the catching hand. The signal also was used to

measure the overall flight time of the projected ball. A

second mini-microphone was attached to the frame

supporting the SVS. Its purpose was to record the ball's

contact with the target. The time elapsed between ball-

hand contact and the ball striking the target was

measured in this way.

Subject performance was measured by three dependent

variables: a) catching error, b) secondary task response

errors, and c) secondary task response time. A
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performance error for the first dependent variable was

recorded if the subject fumbled the ball. Two types of

catching errors were distinguished: 1) positioning error,

and 2) grasping error. All catches were filmed using

Panasonic VCR equipment for evaluation purposes.

A 2 X 2 (Group X Catching Error) ANOVA with repeated

measures on the second factor was used to analyze the

type of catching error in condition 1 (no SVS

presentation). A 2 X 4 X 2 (Group X SVS Condition X

Catching Error) ANOVA with repeated measures on the

second and third factors was performed for the purpose of

determining whether the time of presentation of the SVS

during the execution of the catching task affected

performance.

In order to determine whether the presentation of an

SVS during the execution of the catching task affected

performance on the secondary task, a 2 X 4 (Group X SVS

Condition) ANOVA with repeated measures on the second

factor was performed. In SVS trials in which a secondary

throw was executed, the time elapsed between the ball

first contacting the hand and the ball hitting the target

was measured. A 2 X 4 (Group X Condition) ANOVA with

repeated measures on the second factor was used to

analyze differences in secondary task response time as a

function of skill level and SVS presentation time.
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Summary of the Main Findings

Analysis of subjects' performance in the control

condition indicated that the non-skilled group made a

significantly higher number of positioning errors when

compared to the skilled group. The non-skilled performers

also made a significantly higher number of positioning

errors as opposed to grasping errors. Conversely, the

skilled group made a similar number of positioning and

grasping errors.

In conditions in which a SVS was presented, the non-

skilled performers made a significantly larger number of

positioning errors when compared to the skilled subjects.

However, both groups made a similar number of grasping

errors. The differences in catching performance appeared

to be due to the non-skilled subject's inability to

accurately position the catching hand in the trajectory

of the ball.

Analysis of the secondary task response errors

indicated that the non-skilled group experienced greater

difficulty in detecting the SVS when compared to the

skilled group, however, both groups made significantly

more errors as a function of when the SVS was presented

during the flight of the ball. A significantly smaller

number of errors was recorded when SVS presentation was

made approximately 300 ms before ball-hand contact
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(condition 1) compared to SVS presentation which occurred

almost simultaneously with ball-hand contact (condition

4) .

The secondary task response time analysis revealed

that skilled subjects were significantly faster in

completing the secondary throwing task compared to the

non-skilled group. Significant differences in secondary

task response time were also obtained for both groups as

a function of when the SVS was presented. Secondary task

response times increased significantly the closer the SVS

was presented to ball-hand contact.

Conclusions

1. The type of error committed when catching is

performed under normal viewing conditions changed

according to the level of skill of the performer. The

non-skilled performers experienced greater difficulty in

correctly positioning the hand in the trajectory of the

ball.

2. Secondary task performance error increased as a

function of skill level and the time of SVS presentation

during the ball's flight. The non-skilled performer

failed to detect the SVS a significantly higher number of

times when compared to the skilled performer. Both skill

groups failed to detect the SVS a significantly higher
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number of times as a function of when the SVS was

presented relative to ball-hand contact.

3. Secondary task response time changed as a function

of when the SVS was presented during the flight of the

ball. Although both groups required significantly more

time to execute the secondary throwing task the closer

the SVS was presented to ball-hand contact, the skilled

group was significantly faster than the non-skilled group

in completing the throw.

Recommendations for Further Research

1. It is recommended that further research be conducted

with children serving as subjects. Such study should

investigate developmental changes in dual-task

processing. It could also provide insights into the way

in which reception skills such as catching are planned in

varying conditions of task difficulty.

2. It is also recommended that a learning study be

conducted with a period of training in between testing.

Different levels of contextual interference could be

evaluated in order to determine its contribution to the

development of catching skills. Catching performance and

ability to detect the presentation of an SVS in the

peripheral visual field could also be compared in the

same subjects.
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3. The addition of a moving SVS (target) and movement

of the subject would provide the opportunity to study

catching in a more complex and, more realistic setting.

4. It is also recommended that the present study be

replicated with a view toward developing more knowledge

about the way in which information regarding catching is

processed. The final results of these studies could

present modifications to the way the skill of catching is

taught.

5. In order to avoid the difficulty of interpreting

results within the context of the literature, it is

recommended that a uniform criteria be used in the

definition of catching errors. Alderson, Sully, and

Sully's (1974) high-speed photography analysis of a one-

handed catch provides excellent basis towards the

development of such a criteria.
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STATEMENT OF INFORMED CONSENT
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STATEMENT OF INFORMED CONSENT

Oregon State University

Title of the investigation: "Attentional demands of a
one-handed catch."

It is policy of research at Oregon State University to
make certain that subjects are fully informed of their
right as subjects prior to participation in a study.
Therefore, please read the following paragraphs carefully
and sign the statement of informed consent if you are
satisfied that you understand the procedures, and if you
agree to participate in the study.

The purpose of the investigation being conducted is to
study the attentional demands of a one-handed catch when
executed in conjunction with a secondary task.

Potential risks associated with this procedures

All necessary precautions will be taken to ensure that
the tennis ball will be consistently projected at a speed
of approximately 10 meters per second. In order to
familiarize the subject with the speed of the ball, every
participant will be asked to stand at the side of the
designated catching position and to observe the projected
ball two times without attempting to catch it.
Immediately after, ten practice trials with no secondary
visual stimulus (secondary task) will be provided.

Benefits to be Expected

Important knowledge concerning the attentional demands
involved in the execution of a catching task will be
obtained upon completion of the study. Such a knowledge
will be used to evaluate present teaching methodologies
of reception skills such as catching.

If you have any questions regarding the procedures to be
used in this study, the investigator will be place to
answer them.

STATEMENT OF INFORMED CONSENT

I have read and understand the description of the
research provided by the student investigator, Luis
Populin, and voluntarily agree to participate in the
study according to the conditions stated. I have been
given an opportunity to ask whatever questions I may have
had and all such questions and inquiries have been



85

answered to my satisfaction. I am also satisfied that the
confidentiality of records identifying me as the subject
will be maintained.

I FURTHER UNDERSTAND THAT I AM FREE TO WITHDRAW MY
CONSENT AND TERMINATE MY PARTICIPATING IN THE
INVESTIGATION AT ANY TIME.

Date Signature

I, the undersigned, have defined and fully explained the
investigation to the above subject.

Date Signature
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APPENDIX B

PARTICIPANT INSTRUCTIONS
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PARTICIPANT INSTRUCTIONS

PLEASE READ THE FOLLOWING INSTRUCTIONS CAREFULLY, DO NOT
HESITATE TO ASK ANY QUESTIONS TO THE EXPERIMENTER:

Description of the Task

The task you are about to perform consists of
catching a tennis ball with the right hand only. The ball
will be delivered to you by a pitching machine through
the hole in the black partition located immediately in
front of you.

On a random number of trials, a lighted target
situated to the left side of your body will be turned on
briefly during the flight of the ball. When such an event
occurs, you will be required to throw the ball in the
direction of the target as quickly and accurately as
possible after you have caught the ball. On those trials
in which no light appears you will catch the ball and
deposit it in a box located to the right side of your
body.

You will be required to complete a total of 300
catching trials which are divided into six blocks of 50
trials. A three minute rest period will follow each block
of trials. A chair will be made available to you after
the last trial in each block has been completed should
you wish to sit down between blocks.

Starting Position and Trial Procedures

Prior to the start of each catching trial, you will
stand behind the yellow line drawn on the floor with your
body facing the partition. The catching limb will be
positioned by your side. The arm is not to be raised from
this position until the ball becomes visible through the
partition's exit point.

The beginning of each trial will be signalled by the
onset of a white light situated above the exit point of
the ball through the partition. This light will remain on
for 500 ms. Approximately 1 second after its offset the
ball will become visible. YOUR PRIMARY TASK IS TO CATCH
THE BALL WITH THE RIGHT HAND TO THE BEST OF YOUR ABILITY.

On those trials in which the light situated to your
left illuminates, you are to first complete the catch of
the ball and then throw it as quickly and accurately as
possible to the target in front of the light. If you
fumble the catch, retrieve the ball and complete the
throw to the target.
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Finally, on those trials in which the target light
is not illuminated, complete the catch of the ball and
deposit it in the box to your right.
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APPENDIX C

MEANS AND STANDARD DEVIATIONS
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Control Condition

Means and Standard Deviations of Catching Errors

Type of Error

Skilled

M SD

Position

Grasping

5.88 7.24

5.38 3.93

Total

Type of Error

5.63 5.59

Non-skilled

M SD

Positioning 13.44 5.96

Grasping 5.78 4.82

Total 9.61 5.39



Mean Catching Error - SVS Conditions

Catching Error X SVS Condition

Skilled Group

SD

Positioning--Cond. 1 1.13 2.10

Grasping--Cond. 1 1.50 1.93

Positioning--Cond. 2 .25 .71

Grasping--Cond. 2 1.13 1.46

Positioning--Cond. 3 1.00 1.20

Grasping--Cond. 3 1.50 1.07

Positioning--Cond. 4 .75 .89

Grasping--Cond. 4 1.38 1.60

Total 1.08 1.37
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Mean Catching Error - SVS Conditions

Catching Error X Condition

Non-skilled Group

Type of Error X Condition M SD

Positioning--Cond. 1 3.22 2.33

Grasping--Cond. 1 3.78 2.11

Positioning--Cond. 2 4.56 2.92

Grasping--Cond. 2 1.78 2.05

Positioning--Cond. 3 3.22 2.44

Grasping--Cond. 3 2.89 1.54

Positioning--Cond. 4 4.22 3.60

Grasping--Cond. 4 2.67 1.58

Total 3.29 2.32
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Mean Catching Error - SVS Conditions

Catching Error X Group

M SD

Positioning-Skilled .78 1.23

Positioning-Nonskilled 3.81 2.82

Grasping-Skilled 1.38 1.52

Grasping-Non-skilled 2.77 1.82



Mean Catching Error - SVS Conditions

SVS Condition X Group

M SD

Cond. 1 - Skilled 1.31 2.01

Cond. 1 - Non-skilled 3.50 2.22

Cond. 2 - Skilled .69 1.08

Cond. 2 - Non-skilled 3.17 2.48

Cond. 3 - Skilled 1.25 1.13

Cond. 3 - Non-skilled 3.06 1.99

Cond. 4 - Skilled 1.06 1.24

Cond. 4 - Non-skilled 3.44 2.59
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Mean Catching Error - SVS Conditions

Catching Error X SVS Condition

M SD

Post.-Cond. 1 2.24 2.22

Gras.-Cond. 1 2.71 2.02

Post.-Cond. 2 2.53 1.55

Gras.-Cond. 2 1.47 1.08

Post.-Cond. 3 2.18 1.85

Gras.-Cond. 3 2.24 1.32

Post.-Cond. 4 2.59 2.32

Gras.-Cond. 4 2.06 1.59
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Secondary Throwing Task

Mean and Standard Deviations of SVS Conditions

M SD

Cond. 1 4.59 3.10

Cond. 2 6.18 4.85

Cond. 3 8.00 5.33

Cond. 4 10.41 8.35
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Secondary Throwing Task

SVS Condition X Group Means and Std. Deviations

M SD

Cond. 1--Skilled 2.13 2.17

Cond. 1--Non-skilled 6.78 3.93

Cond. 2--Skilled 2.13 3.48

Cond. 2--Non-skilled 9.78 6.06

Cond. 3--Skilled 5.38 4.14

Cond. 3--Non-skilled 10.33 6.38

Cond. 4--Skilled 7.38 7.19

Cond. 4--Non-skilled 13.11 9.37

Skilled group 4.25 4.24

Non-skilled group 10.00 6.44
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Means and Standard Deviations of

Secondary Task Response Time

Groups Overall

M SD Cases

Skilled 1169.04 225.83 752

Non-skilled 1254.29 202.72 670

Conditions Overall

14 SD Cases

Condition 1 1066.84 186.60 402

Condition 2 1134.75 202.5 377

Condition 3 1199.76 212.37 347

Condition 4 1315.49 234.57 296
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Means and Standard Deviations of

Secondary Task Response Time

SVS Conditions X Group

Skilled

M SD Cases

Condition 1 978.47 171.38 206

Condition 2 1057.41 192.70 205

Condition 3 1131.24 200.75 181

Condition 4 1243.17 225.46 160

Non-skilled

M SD Cases

Condition 1 1159.71 154.30 196

Condition 2 1226.92 172.48 172

Condition 3 1274.46 199.63 166

Condition 4 1400.57 216.50 136
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APPENDIX D

POWER CALCULATIONS
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Approximate Power Values

Calculated for all Analysis

Analysis

Source F Sig. of F Power

2 x 2 ANOVA (Skill X Performance) Control Condition

Skill 2.51 .13 .33

Performance 15.03 .00 .99

Performance X Skill 11.57 .00 .99

2 X 4 X 2 ANOVA (Skill X Condition X Performance)

Skill 15.64 .00 .80

Condition .49 .69 .09

Performance .38 .55 .84

Condition X Skill .27 .85 .78

Performance X Skill 5.29 .04 .99

Condition X Performance 1.06 .37 .62

Cond. X Perf. X Skill 1.91 .14 .98
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Approximate Power Values

Calculated for all Analysis

(continued)

2 X 4 ANOVA (Skill X Condition) Secondary Throwing Task

Skill 7.88 .01 .99

Condition 4.87 .01 .99

Condition X Skill .35 .79 .99

2 X 4 ANOVA (Skill X Condition) Secondary Task Response

Time

Skill 4.46 .05

Condition 239.25 .00 .95

Condition X Skill 1.10 .35 .99
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APPENDIX E

MEANS AND STANDARD DEVIATIONS OF

DISMISSED SUBJECTS
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Outliers compared to their respective groups

Skilled Group

Mean

Std. Dv.

1

2.13

2.17

Conditions

2 3

2.13 5.38

3.48 4.14

4

7.38

7.19

Subject 101 7.00 20.00 29.00 18.00

Subject 105 23 11 12 15

Non-skilled Group

Mean 6.78 9.78 10.33 13.11

Std. Dv. 3.93 6.06 6.38 9.37

Subject 202 1.00 1.00 4.00 2.00


