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ABSTRACT

The purpose of this study was to examine reaction time (RT)
and coincidence anticipation (CA) performance across an age range of
7-20 years for retarded and nonretarded subjects. An attempt was
made to determine whether one or all of the following existed: (a)

a developmental pattern of decreasing RT and decreasing CA error
scores with increasing age, (b) similar RT and CA performance for re-
tarded and nonretarded subjects at each age level, and (c) a signifi-
cant relationship between RT and CA performance for any of the various
age and IQ combinations.

Eighty male subjects were selected from one of two populations:
(a) retarded (IQ range of 50-69, inclusive) and (b) nonretarded.
Twenty trials were administered to all subjects on both a simple
visual reaction time task and the Bassin Anticipation Timer. Vari-
able foreperiods were randomly assigned to RT trials and a stimulus
velocity of 134 cm/sec (1.7 sec, viewing time) was used for the CA
trials. Dependent measures (calculated on the data from trials 7-16
on each task) were median RT and median constant error (CE), and
variable error (VE) which was the standard deviation of a subject's
CE scores around his median CE. The Kruskal-Wallis one-way analysis
of variance was used to test for significant differences; and, the
Mann-Whitney-Wilcoxen technique was performed, where appropriate, to
locate the source of those differences. The Spearman rank correla-
tion procedure was used to determine the strength of relationship

between RT and the absolute value of median CE scores.
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The results suggested that (a) RT decreases over age for both
nonretarded and retarded subjects, (b) the slower RT of retarded
subjects when compared with that of nonretarded subjects is more
pronounced at younger ages (7, 9, 11 year olds), (c) both retarded
and nonretarded subjects demonstrate a slight positive CE bias (i.e.,
late response) in CA performance, (d) VE decreases over age for both
nonretarded and retarded subjects, (e) except for the oldest non-
retarded group, there is no significant relationship between RT and

CA performance.
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CHAPTER I

INTRODUCTION

A major factor in the growth and development of an individual
is proficiency in motor skills (Bruininks, 1974). For proficient
movement, task demands require effective utilization and appropriate
integration of certain motor components. Adaptations and adjustments
in performance for mature and experienced performers seem to be auto-
matic; however, those same adaptations and adjustments necessary to
skilled performance appear to be lacking in the immature and inex-
perienced individual. The nonretarded individual appears to be in-
creasingly adaptable to task demands during progressive stages of
growth and development (Gesell, 1946; Kay, 1969). Adaptation in motor
skills for the retarded individual is important not only in sports
skills, but in every aspect of life (Bruininks, 1974).

Much of the inconsistency of skilled performance in children
can be attributed to failure to accurately anticipate certain related
outcomes which are involved in a particular movement. As the child
grows older, this ability to anticipate and effectively predict move-
ment outcomes improves (Wade, 1976; 1980). Smooth and efficient
movement in tasks which require the individual to respond to some ex-
ternal event is demonstrated by those performers who exhibit improved
timing ability (Schmidt, 1968).

Adaptation in motor performance is frequently affected by the
speed with which the person responds to the demands of the task.
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Retarded individuals are not able to process information rapidly and
respond in an appropriate manner, and are at a distinct disadvantage
when compared with those who are faster processors (Baumeister &
Kellas, 1968c). Similarly, children have difficulty adapting to the
task when there is a demand for a rapid response. They can process
a great deal of information, but have difficulty when required to

process that information rapidly (Connolly, 1970; Williams, 1974).

Statement of the Problem

The purpose of the present study was to examine a possible
relationship between reaction time and coincidence anticipation
across five age categories of retarded and nonretarded subjects:

(a) 7-8 years, (b) 9-10 years, (c) 11-12 years, (d) 13-14 years, and
(e) 17-20 years. In addition, an attempt was made to determine
whether one or all of the following existed: (a) a developmental
pattern of decreasing reaction time and decreasing coincidencé
anticipation error scores with increasing age for both retarded and
nonretarded samples, and (b) similarity in reaction time and co-
incidence anticipation performance between retarded and nonretarded
samples at each age level.

For the purpose of the present study, the following hypotheses
were tested:

1. There will be no significant difference in the median

reaction time scores among age categories within either

group: (a) retarded or (b) nonretarded.
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There will be no significant difference in the coincidence
anticipation performance (CE and VE) among age categories
within either group: (a) retarded, or (b) nonretarded.
There will be no significant difference in the median
reaction time scores of retarded and nonretarded groups
for any of the five age categories.
There will be no significant difference in the coincidence
anticipation performances (CE and VE) of retarded and non-
retarded groups for any of the five age categories.
There will be no significant relationship between median
reaction time scores and the absolute value of median CE
scores for any age category within either group: (a)

retarded, or (b) nonretarded.

Delimitations

The present study was delimited in the following ways:

1.

The samples were from Knoxville, Tennessee, and surrounding
areas.

The subjects in the samples were males.

The samples were drawn from an age range of 7 years to 20
years of age.

Subjects in the retarded group had an IQ range of 50-69,
inclusive.

The IQ scores of the nonretarded subjects were not known.



Assumptions

The conduct of the present study was made with the following
assumptions:

1. The instrumentation was valid for the measurement of re-
action time and coincidence anticipation performance.

2. The subjects were naive to each task.

3. ATl subjects were able to comprehend the requirements of
each task.

4. Each subject performed each task to the best of his

ability.

Definitions
For purposes of the present study, the following definitions
were accepted.

Apparent motion. A sequential pattern of events which is per-

ceived as motion, but which is in fact an illusion of motion. In the
present study, apparent motion was produced by the sequential illumi-
nation of separate lamps on the Bassin Timer trackway.

Coincidence anticipation. A component of motor skills in which

the subject anticipates and predicts the moment of arrival of a moving
stimulus at a predetermined target and makes a response simultaneous
with the arrival of the stimulus at that target (Poulton, 1957;
Schmidt, 1975). In this study coincidence anticipation ability was
demonstrated by the subject as he attempted to depress a response key

simultaneously with the illumination of the end light in a serijes of



lights on a trackway. The error measures obtained were median
constant error (for a block of 10 trials) and variable error.

Constant error (CE). An error score which describes the bias

of the subject's response in terms of direction and distance. It is
also referred to as algebraic error (Schmidt, 1975). In this study,
CE was the difference (in msec) between the time at which the stimulus
reached the target light on the trackway and the time at which the
subject depressed the response key. A negative CE score indicated

an early response, and a positive error score indicated a late
response.

Nonretarded subject. A person who has not been placed in a

special education class by the school system in which he is enrolled.

Reaction time. The temporal interval between the presentation

of an unanticipated stimulus and the initiation of movement in
response to that stimulus (Schmidt, 1975). In this study, reaction
time was the temporal interval between the presentation of the stimu-
lus 1ight and the release of the response key.

Retarded subject. A person who has been evaluated by

individual psychological testing and determined to have an IQ score
which is between 50 and 69, inclusive.

Stimulus duration. The total exact time during which a

stimulus event occurs. In this study, the continuous exposure of
apparent motion of light sequence on the coincidence anticipation

task (lasting 1.7 sec) represented the stimulus duration.



Stimulus velocity. The rate of change in the position of a

moving stimulus. It relates the distance which the stimulus travels
within a certain amount of time. In the present study, 134 cm/sec
was used as the stimulus velocity on the coincidence anticipation

task.

Significance of the Study

Two timing abilities, (a) reaction time and (b) coincidence
anticipation, seem to improve with age (Eckert & Eichorn, 1977;
Thomas, Gallagher, & Purvis, 1981; Wade, 1980). It has been reported
that efficient adjustment to reaction time demands occurs at about
age 14 for nonretarded individuals (Eckert & Eichorn, 1977). However,
developmental trends of this type have not been reported for retarded
subjects. Neither the extent to which coincidence anticipation
timing abilities improve nor the point in the developmental process
at which this ability improves has been established for retarded or
nonretarded persons (Wade, 1980).

Schmidt (1968) commented that past research had been primarily
concerned with reaction time; thus neglecting the aspect of coin-
cidence anticipation. There has been 1imited research which has
investigated the possibility of a relationship between these two
components, both of which are incorporated in many motor skilis.
Recently, Thomas et al. (1981) reported evidence suggesting that such
a relationship does exist in nonretarded males (ages 7, 9, and 11);

however, they and others have reported that this relationship
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diminishes as age increases for nonretarded individuals (Grose, 1967;
Haywood, 1977; Thomas et al., 1981).

Task demands of both coincidence anticipation and reaction
time tasks appear to represent different phases of the information
processing model (Thomas et al., 1981). Coincidence anticipation
involves three phases of processing: (a) encoding stimuli, (b)
creating a response plan, and (c) response execution (Rothstein,
1977; Thomas et al., 1981); while reaction time primarily represents
the decision making phase of processing (Marteniuk, 1976).

Research has revealed that older children and adults are more
efficient information processors in a motor task than are young
children (Gallagher & Thomas, 1980; Haith, Morrison, & Sheingold,
1970). 1In comparison with nonretarded individuals, retarded
individuals historically have demonstrated an inability to process
information in a motor task (Nettleback & Brewer, 1981).

The present study was designed to investigate age-related
similarities/differences between and within nonretarded and retarded
groups on two motor tasks, reaction time and coincidence anticipation.
In this way the information processing capabilities of these groups

were examined.



CHAPTER 1I

REVIEW OF THE LITERATURE

The complex ability of regulating the spatial/temporal
characteristics of one's motor behavior is demonstrated in various
aspects of motor performance. Presented in this chapter is a review
of studies dealing with the information processing capabilities of
retarded and nonretarded children and adults. This is followed by a
discussion of the Titerature which deals with timing ability. This
discussion is limited to the basic components of (a) reaction time
and (b) coincidence anticipation. Within each section, results from
studies investigating the performance of nonretarded and retarded
groups are reported. Finally, studies suggesting a possible relation-

ship between reaction time and coincidence anticipation are presented.

Information Processing Capabilities

The theory of information processing has provided an
attractive and workable framework for the systematic study of mental
events. This theory has also enabled researchers to investigate
individual differences which are inherent in mental abilities.
Nettleback and Brewer (1981) have suggested that cognitive events may
be inferred to occur between the onset of a stimulus and the initia-
tion of the response which follows the stimulus. By partitioning out

such events it might be possible to understand the person and his/her



cognitive function in regard to selection, transformation, and

retention of information.

Nonretarded children and adults. In recent years, some

authorities have utilized information processing theory to explain
Timitations imposed upon perceptual-motor performance (Wade, 1976).
Gallagher and Thomas (1980) conducted a study in which subjects in
three age groups (7, 11, and 20 years) participated. They used a
linear positioning task in which the subject, upon a given signal,
was required to make a 40 cm movement within a time of 400 msec.
After the completion of the movement the subject was given knowledge
of results followed by intervals of 3, 9, or 12 sec (termed the

post KR interval). In this way, control was exercised over the
movement time and the time between the completion of the last
response and the initiation of the next response (inter-response
interval). More importantly, this design enabled control of the
amount of time the subject had to process knowledge of results.
Knowledge of results (KR) informed the subject of (a) directional
error (too fast or too slow) and (b) distance error which indicated
to the subject errors in the length of his/her response. They
reported that as the age of the subject increased the number of
errors decreased. Also, as the post-KR interval was lengthened, the
error score of the youngest age group decreased. Gallagher and
Thomas (1980) concluded that if the child is given enough time
following the administration of KR he/she can process the information

as well as an adult on this task. They suggested that a reduction in
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the child's available processing time normally resulted in ineffective
use of three control processes of memory: (a) speed of encoding,

(b) rehearsal, and (c) recoding.

There is general support for the notion that, in order to per-
form a task with regularity and consistency, the individual must
adopt some kind of strategy (Schmidt, 1968). Rothstein (1977) has
suggested that the young child learns separate skills and, for the
most part, can perform these skills efficiently. When the young
child (5 to 6 years) must integrate these skills in learning a new
task, he/she experiences difficulty because he/she must employ new
strategies. It has been suggested that the performance of young
children indicates that they pursue a strategy which directs
attention to all stimuli, whether some of the stimuli are relevant
or not (Rothstein, 1977).

Patterson and Mischel (1975) have additionally contended that
children (4 years, 0 months to 5 years, 7 months) will attend to
relevant stimuli and resist irrelevant stimuli if assisted in the
formulation of strategies which enable the individual to attend ex-
clusively to relevant stimuli. They found that the time in which
subjects in their study were able to perform the experimental task,

a paper and pencil task accompanied by an intermittent attractive
distraction, was reduced when the children were given directions
regarding the formulation of strategies.

Sheingold (1973) dinvestigated the information storage capacity
of four different age groups (mean ages 5 years, 9 months; 8 years,

6 months; 11 years, 9 months; and 21 years, 9 months). Subjects were
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instructed to view tachistoscopically presented arrays which consisted
of seven geometric figures and one blank space. Upon presentation of
the figures (using nine different time intervals) the subject was to
verbally identify that figure. Two different orders of presentation
were used. One half of the subjects were assigned to one order of
presentation and the other half to another. This study revealed that
five year olds, as well as adults, were capable of encoding a large
amount of information. However, the five year old group had diffi-
culty with the condition in which there was 1ittle processing time
provided. Sheingold (1973) concluded that these differences appeared
to be in the processing sequence. It was reasoned that large dif-
ferences in levels of performance between the five year old group and
the three older age groups may have been due to the ability of the
older subjects to use scanning and encoding strategies.

Rothstein (1977) has proposed that performance differences
between children and adults could be due to differences in the
ability to utilize feedback strategies. She suggested that the use
of feedback should be a criterion for assessing any interaction
between successful or unsuccessful performance and the method by
which the motor plan was executed. Rothstein concluded that children
lack the past experience necessary for efficient information pro-
cessing and refined performance.

In his discussion of differences in skilled behavior of child-
ren and adults, Wade (1976) noted that as a person becomes a more
efficient performer, more information may be processed in a given

amount of time. While the adult has learned how to organize and
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process information presented to him/her, the child must attend to
the entire stimulus array since he/she has not learned to selectively
attend to specific stimuli. Wade suggested that this difference in
processing is demonstrated by the child's lack of: (a) speed of
response, (b) anticipation, and (c) timing behavior. Wade also has
contended that the child's failure to efficiently reduce the dis-
crepancy between the actual performance and what is intended, is
further evidence of poor processing. Some theorists have suggested
that the child must pass through distinct stages of maturation and
learning (Gesell, 1946; Kay, 1969), becoming more proficient in the
execution of skills as he/she approaches adulthood (Cratty, 1979;
Kay, 1969).

Williams (1973) has proposed that the concept of perceptual-
motor development is one which reflects changes in the child's ability
to process increasingly complex information for use in executing a
motor skill. 'Williams (1974) explained differences in performance
levels of adults and children in regard to: (a) encoding of informa-
tion, (b) attention, (c) rehearsal strategies in a wholistic sense,
and (d) intersensory integration which enables the person to match
and evaluate input before deciding which motor response to use. In
further explanation of adult-child performance differences, Williams
referred to the concept (Eccles, 1966; Jacobson, 1969) that experience
facilitates the development of an increased capacity for encoding new
information by the addition of a variety of functionally different
frames of reference or holograms. Williams (1974) has suggested that

acquisition of these frames of reference is directly related to
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experience the child has had as he/she has developed. As maturation
of the nervous system occurs, the child is presumably able to begin
to develop multisensory frames of reference which enable him/her to
integrate sensory information. Williams (1974) has further proposed
that the capacity for intersensory integration may be a key factor in

information processing differences which are age-related.

Retarded children and adults. Brown, Campione, and Murphy

(1977) have found that retarded subjects perform more poorly on
memory tests than normal subjects. Brown et al. (1977) have contended
that instead of having a storage system which is defective, retarded
persons do not use strategies of learning or retention, as evidenced
by highly variable performance. In their study learned memory
strategies appeared not to be used when a new situation demanded re-
call (Brown et al., 1977). Reid (1980) observed that strategies are
a useful tool in reducing error during performance by retarded sub-
jects. He reported evidence which supported the findings of Brown et
al. (1977) in that retarded subjects were unable to generalize the
strategy to a new situation.

Campione and Brown (1977) have pointed out that there has been
no evidence presented which would indicate that a retarded chi]d'can
generalize a specific strategy to a new situation. They have based
their work on the assumption that the components of strategies are
either present within the individual or not. Therefore, they argue
that the lack of successful performance represents an inability to

retrieve and sequentially order informational components in order to
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meet the demands of the task. Campione and Brown (1978) have sug-
gested that deficiencies in information processing by retarded per-
sons are reflective of an inability to use strategy components as

a means to accomplish an end.

Reaction Time

Interest in the speed with which decisions can be made has
generated a great deal of research. In most experiments of this
nature a reaction time paradigm is utilized. Indeed, psychologists
have long used reaction time as a measure of the efficiency of an
individual's decision making process (Hoover, Wade, & Newell, 1981;
Marteniuk, 1976; Pachella, 1974). Schmidt (1975) has defined reaction
time as "the time from an unexpected signal until the beginning of
overt movement" (p. 30). Others (Marteniuk, 1976; Pachella, 1974)
have defined reaction time as an interval of time which is measured
from the onset of the presentation of an event or stimulus to the
initiation of the response.

Information processing theory offers a useful framework for
the investigation of cognitive functions which involve selection,
transformation, and retention of information (Nettlebeck & Brewer,
1981). During the interval of time between stimulus presentation
and response initiation at least four events are assumed to occur:
(a) activation of a sensory receptor, (b) transmission of a neural
signal from the receptor to the brain, (c) processing of the stimulus
by the brain, and (d) issuance of motor commands from the brain to a

specific muscle or muscle group. Psychologists have traditionally
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viewed the decision process as a limiting factor in the individual's
ability to process information rapidly (Marteniuk, 1976). Thus, the
reaction time paradigm allows investjgators to suggest 1imits which
are imposed upon the person as he/she chooses a course of action
(Marteniuk, 1976).

Reaction time research has focused on the development of the
reactive process from birth to adulthood. Research studies have
demonstrated that reaction time is an inverse function of age
(Eckert & Eichorn, 1977; Fulton & Hubbard, 1975) up to about the age
of 18 (Henry, 1961; Thomas et al., 1981). Connolly (1970) has sug-
gested that decision making is one of the processing Timitations
which hinders the child in sequentially ordering components of a
motor skill which would produce fluid performance.

Research studies in which both retarded and nonretarded sub-
Jects were used have focused on a number of aspects of motor skill.
It has been reported that: (a) performance levels of retarded
individuals are lower than performance levels of nonretarded
individuals, and (b) patterns of performance differences across

gender and age follow a similar pattern for retarded persons and for

nonretarded persons (Francis & Rarick, 1959; Rarick, Dobbins, &

Broadhead, 1976; Sloan, 1951). Investigators in the field of mental
retardation have employed reaction time as a measure of an individual's
ability to adapt to his/her environment and respond appropriately. In
several studies speed of response has been utilized as an index of
accomplishment (Baumeister & Kellas, 1968c). Baumeister and Kellas

(1968c) and Nettlebeck (1980) also contended that it is reasonable
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to suggest possible causes of cognitive impairments from reaction

time research.

Retarded children and adults. Reaction time studies

investigating the performance of retarded subjects have generally in-
volved: (a) comparisons with the performance of nonretarded subjects
and (b) the examination of factors which affect reaction time per-
formance (Nettlebeck & Brewer, 1981). There has been general agree-
ment among researchers that when the two groups are matched according
to chronological age, retarded subjects perform with a slower and
more variable reaction time than do their nonretarded counterparts
(Baumeister, 1968; Baumeister & Kellas, 1968a; 1968b; 1968c; Berkson
& Baumeister, 1967; Gosling & Jenness, 1974; Jones & Benton, 1968;
Kellas, 1969; Krupski, 1977; Terrell & E1lis, 1964).

Baumeister and Kellas (1968a) examined the performance pat-
terns of nonretarded ahd retarded subjects over multiple trials on a
serial response time task. They found that the pattern of response
for the two groups was significantly differeqt. Specifically, the
distribution of reaction time scores of retarded subjects was less
skewed (positively) but was more variable than that of the non-
retarded subjects. The reaction time performance over trial blocks
was significantly faster for the nonretarded subjects than for re-
tarded subjects.

The investigation of differences in the level of reaction time
performance between nonretarded children and their adult counterparts

has revealed patterns similar to those found in comparisons between
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retarded and nonretarded subjects. In other words, reaction time
scores decrease as chronological age increases (Bankhead & MacKay,
1982; E114is & Sloan, 1957) in the same way it does as mental age in-
creases (E11is & Sloan, 1957). Bankhead and MacKay (1982) found that
younger subjects performed with greater intra-individual variability
than did older subjects. Similarly, nonretarded subjects have been
found to perform on reaction time tasks with less intra-individual
variability than their retarded counterparts (Bankhead & MacKay,
1982; Baumeister & Kellas, 1968b; Berkson & Baumeister, 1967;

Gosling & Jenness, 1974; Kellas, 1969; Krupski, 1977).

Factors which affect reaction time have also been investigated
by those who are interested in mental retardation research.
Increasing the length of illumination of the warning signal
(Baumeister & Kellas, 1968b; Kellas, 1969) and adding distracting
stimuli during the preparatory interval (Baumeister & Kellas, 1967;
Gosling & Jenness, 1974; Terrell & E11is, 1964) have both been found
to result in longer reaction time scores for retarded subjects.
Baumeister and Wilcox (1969) have reported that when the preparatory
interval is filled with secondary stimuli, reaction time to the
primary stimulus is longer than it is when the preparatory interval
is unfilled. Several studies have reported decreases in the reaction
time of retarded subjects as stimulus intensity increased
(Baumeister, Urquhart, Beedle, & Smith, 1964; Kellas, 1969).

Newell, Wade, and Kelly (1979) varied the complexity of a
reaction time task in which the response was made more complex by

(a) moving the target further away from the start button,
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(b) manipulating the size of the target, and (c) varying foreperiod

length. They reported that with increases in the complexity of the
task, retarded subjects failed to demonstrate temporal anticipation
(i.e., the ability to predict when a stimulus will arrive at a given
target). However, when a simple reaction time task was used, retarded
groups evidenced temporal anticipation during the block of trials in
which foreperiod intervals were held constant. Newell et al. (1979)
concluded that the temporal anticipation ability of retarded subjects
may be a direct function of the type of response required on certain
tasks. This concurred with the findings of Terrell and Ellis (1964)
who reported that with a simple task, retarded subjects demonstrated

temporal anticipation.

Nonretarded children and adults. There have been numerous

investigations in which nonretarded subjects within a wide age range
have participated. Investigations of comparable reaction time scores
between adults and children have indicated that children perform with
a slower reaction time than do adults (Bankhead & MacKay, 1982;

Eckert & Eichorn, 1977; Fulton & Hubbard, 1975; Goodenough, 1935;
Henry, 1961; Jones, 1937; Philip, 1934; Thomas et al., 1981).

Eckert & Eichorn (1977) reported that a decrease in reaction time
scores continues until the age of 14 years, then remains fairly stable
throughout the age of 16 years (which was the upper age 1imit investi-
gated in their study). Henry (1961) reported that subjects who were
younger than 18 years had reaction times which were slower than those
who were older than 18 years. Eckert and Eichorn (1977) reported

that intra-individual variability declined only slightly and with some
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irregularity with increasing age. However, since there was no con-
sistent pattern of decreasing variability with increases in age, they
suggested that simple reaction time is primarily a function of the
maturational level of the nervous system, and does not improve sub-
stantially with practice. In support of Eckert and Eichorn's (1977) i
conclusions, Bankhead and MacKay (1982) found that the oldest group
in their study had the fastest reaction times and the lowest intra-
subject variability. In a much earlier study, Goodenough (1935) re-
ported that reaction time scores became more stabie and Tess variable
with increasing age.

A number of factors which might affect reaction time have been
investigated. Among those which have been found to contribute to
lengthened reaction time are: (a) increases in the length of the
warning interval (Baumeister & Kellas, 1967), (b) addition of a
secondary stimulus in the preparatory interval (Baumeister & Kellas,
1967; Baumeister & Wilcox, 1969; Gosling & Jenness, 1974); and (c)
increases in stimulus intensity (Kellas, 1969). In the case of the
Tatter factor, variability of reaction time scores has also been
found to increase as stimulus intensity decreased. An exception is
the work of Baumeister et al. (1964) in which no significant changes
in reaction time for nonretarded subjects were found when stimulus

intensity was manipulated.

Coincidence Anticipation

Many activities in which a person participates require some

degree of timing. Tyldesley and Whiting (1975) have suggested that
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timing is "an observable product of man's attempt to adjust his be-
havior to the requirements of the external environment" (p. 172).
They further argue that timing ability is needed to make continual
adaptation in one's environment.

With respect to prediction and anticipation, Poulton (1957)
suggested that pursuit tracking involved two aspects which were
common to several motor skills: (a) acquisition of a moving target
and (b) recognition of the relation of position and time of a
stimulus event. He suggested the existence of at least three types
of anticipatory behavior. One of these, receptor anticipation, is
relevant to this study. According to Poulton (1957) a receptor
anticipation task has two necessary components: (a) a display of the
future path or track of the target and (b) the sequential operation
of a receptor mechanism and a response mechanism. Poulton (1957)
contended that receptor anticipation tasks demanded more accurate
timing judgment than most motor tasks.

One component of motor skills of which timing is an integral
part has been identified by Belisle (1963) and is termed "coincidence
anticipation." Coincidence anticipation is identified as an ability
to: (a) anticipate the time a stimulus will arrive and (b) make a
response coincident with that moment of arrival (Schmidt, 1968).
Stadulis (1972) has suggested that this ability involves two behavior-
al components: (a) making the response coincident with the arrival
of the stimulus at the designated point and (b) anticipating the
point in time at which the response must be initiated in order to

intercept the stimulus and avoid a late response due to reaction time.
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Wade (1976) has observed that children's motor performance
lacks the anticipatory responses of the adult performer. Weiner
(1962) reported that the subject's efficiency of movement is de-
pendent on the ability to successfully predict or anticipate the
future state of a system. Support for this notion was found by Kay
(1969) who investigated coincidence anticipation behavior (catching
a ball) in children of three different age groups. The oldest group
(15 years) exhibited an ability to rapidly anticipate the arrival of
the stimulus. The younger age groups (2 and 5 years) did not demon-
strate that they were able to anticipate the moment of arrival of the
étimu]us.

Until recently, there has been relatively little research which
focused on coincidence anticipation and the timing behavior associated
with it. Most timing research has involved investigation of reaction
time, ignoring the important anticipatory aspect of motor behavior
(Schmidt, 1968). Recently, however, there has been increased interest
in the area of anticipatory timing behavior. Prior to the 1970's,
most of the research has been descriptive in nature, providing initial

information on coincidence anticipation behavior patterns.

Methodological considerations. Coincidence anticipation

studies have commonly used three different performance error measures
as dependent variables. Performance error has been defined as the
difference between the performance score and the target score

(Schutz & Roy, 1973). Constant error (CE) or algebraic error, has

been used to describe the bias of the response and the average



22
magnitude (direction and distance) of the response. In a coincidence
anticipation setting a negative CE score would indicate an early
response, and a positive CE score a late response. Variable error
(i.e., intra-variance) (VE) typically has been used to describe the
extent to which responses are repeated. It is the standard deviation
of a subject's CE around his/her mean CE for a block of trials.
Absolute error (AE) is the absolute deviation (without respect to the
algebraic sign) of a subject's response from the moment or location
of perfect coincidence (Schmidt, 1975; Schutz & Roy, 1973).

Coincidence anticipation studies in which these performance
error measures have been utilized have not reported altogether con-
sistent results. There are several methodological differences which
might have produced these inconsistencies, i.e., (a) use of apparent
or real motion tasks, (b) response complexity, and (c) subject age/
developmental level.

In some studies the visual stimulus has consisted of apparent
motion (Bard, Fleury, Carriere, & Bellec, 1981; Dorfman, 1977;
Haywood, 1977; 1980; Haywood, Greenwald, & Lewis, 1981; Shea,
Krampitz, Tolson, Ashby, Howard, & Husak, 1981; Thomas et al., 1981;
Wrisberg, Martin, & Wren, 1983; Wrisberg & Mead, 1981), while in
others "real" motion was used (Belisle, 1963; Dunham, 1977; Grose,
1967; McGown, Dobbins, & Rarick, 1973; Wade, 1980; Weiner, 1962).
The concern here is task or ecological validity. It has not yet
been determined whether these two types of tasks test the same

characteristics of coincidence anticipation behavior. Reports of
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cross validation of novel coincidence anticipation tasks have not
appeared in the literature.

Response complexity is another methodological concern. Again,
there have been a variety of responses required in coincidence
anticipation studies. Responses have ranged in complexity across
experiments and have included movements like: (a) a finger press
(Bard et al., 1981; Grose, 1967; Haywood, 1977; 1980; McGown et al.,
1973; Thomas et al., 1981; Wrisberg et al., 1983), (b) a finger re-
lease (Belisle, 1963), (c) the movement of a linear slide (Dorfman,
1977), (d) the projection of an object (Wade, 1980), a foot 1ift
(Dunham, 1977), and (e) a ballistic arm movement (Wrisberg & Mead,
1981).

Another methodological factor which merits consideration is
that of age categorization. Different studies have used different
age ranges to define "younger" and "older" children. The lower limit
of the "young" age range has varied from 5 years (Haywood, 1977) to
8 years, 8 months (Haywood, 1980). The upper age limit has varied
from 7 years (Dorfman, 1977) to 8 years, 8 months (Haywood, 1980).

If one considers motor ability, developmental level, or cognitive
ability, the child who is 5 years old would certainly be expected to
differ from one who is almost 9 years old (Cratty, 1979; Gesell,
1946; Kay, 1969).

Recently, it has been reported (Shea et al., 1981) that of the
two variables, stimulus velocity and stimulus duration, stimulus

duration may be the more influential factor influencing coincidence
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anticipation performance. Yet, this variable has been investigated
in only a few studies (Shea et al., 1981; Wade, 1980).

Alderson and Whiting (1974) have reported that prediction
distance and stimulus velocity contribute to the time in which the
subject is able to make predictions about a given stimulus; there-
fore, prediction time is assumed to influence the performance of the
subject. Bard et al. (1981) have also reported that differences in
stimulus velocity and/or task complexity have the potential to in-
fluence the accuracy of coincidence anticipation performance. Thus,
it is clear that the interpretation of results from coincidence
anticipation must be tempered by consideration of the way a variety
of factors (e.g., age of subject, task complexity, stimulus velocity,
stimulus duration) have been operationally defined/manipulated.

Finally, of the error measures used, VE and AE seem to furnish
more consistent results across studies than does CE. This is
primarily due to the fact that the mean CE of a group of individuals
represents a combination of negative and positive scores which often
cancel each other as a function of within group variability. Very
often the group mean CE does not accurately reflect the "typical"

response bias of the group.

Nonretarded children and adults. In developmental coincident

timing studies, subjects have usually been classified by age into one
of five different categories: (a) young children (5 to 9 years),
(b) older children (10 to 12 years), (c) adolescents (13 to 17 years),

(d) young adults and adults (18 to 50 years), and (e) older adults
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(60 to 75 years). There appears to be a consistent line of evidence
supporting the notion that coincidence anticipation performance im-
proves with age (Bard et al., 1981; Dorfman, 1977; Dunham, 1977;
Haywood, 1977; 1980; Thomas et al., 1981) up to 32 years of age
(Haywood, 1980). It has been shown that the coincident timing
performance of young children (5 to 9 years) exhibits less con-
sistency and accuracy, as well as more response bias than that of
older children and adults (Bard et al., 1981; Dorfman, 1977; Dunham,
1977; Haywood, 1977; Haywood et al., 1981; Thomas et al., 1981; Wade,
1980). The available research also seems to indicate that there is
relatively no difference between the coincidence anticipation per-
formance of young adolescents, young adults, and older adults (Dorf-
man, 1977; Haywood, 1977; Thomas et al., 1981; Wade, 1980).

In some studies, it has been shown that young children have
demonstrated a negative bias (early response) to slow (44.7-134 cm/
sec) stimulus speeds (Haywood, 1977; Haywood et al., 1981; Wade
1980; Wrisberg & Mead, 1981). However, in other studies, children
(aged 5 to 9 years) have responded with a positive bias (late
response) to slow speeds (Dorfman, 1977; Dunham, 1977; Haywood,
1980). Young children (5 to 7 years) have generally been found to
respond late to fast (313-581 cm/sec) speeds (Dunham, 1977; Haywood,
1977; Thomas et al., 1981; Wrisberg & Mead, 1981), although the
opposite effect (i.e., early responses to fast speeds) has been
reported in one study (Wade, 1980). Interestingly, young children

have been reported to be more precise in their responses to fast
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stimulus speeds than to slow speeds (Bard et al., 1981; Haywood,
1977; Wade, 1980; Wrisberg & Mead, 1981).

Research has revealed three relatively consistent trends in
the coincidence anticipation performance of young children. First,
the performance of young children appears to be less consistent with
stower speed stimuli than with faster speed stimuli, with highest
variability evidenced at extreme (slow or fast) speeds (Haywood,
1980; Wade, 1980). Second, young children require a substantial
amount of practice in order to reduce response variability (Bard et
al., 1981; Dorfman, 1977). Third, as stimulus velocity decreases,
the young child's AE score increases (Dunham, 1977; Haywood, 1980;
Wrisberg & Mead, 1981).

Older children (10 to 12 years) have occasionally been found
to respond with a negative bias to slow speed stimuli (Haywood,

1977; Wade, 1980), although in some studies a positive bias to slow
speed stimuli has been reported (Dorfman, 1977; Dunham, 1977; Haywood,
1980). Fast speeds have elicited a negative bias (Haywood, 1980;
Haywood et al., 1981), positive bias (Dunham, 1977), or no bias
(Haywood, 1977) in the performance of older children. Bard et al.
(1981), Haywood (1977; 1980), Haywood et al. (1981) and Wade (1980)
have reported that responses of older children and adolescents are
more precise at fast speeds than at slow speeds.

Studies with teenagers (13 to 18 years) and young adults (19
to 35 years) have reported similarly inconsistent performance trends,

particularly with respect to CE. For example, response bias has been

reported to be positive (Dorfman, 1977; Haywood, 1980), negative
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(Haywood, 1977), or nonexistent (Wade, 1980) with slow speed stimuli.
While generally studies have revealed a positive response bias for
fast speed stimuli (Haywood, 1977; 1980; Wade, 1980) one reported
1ittle or no bias for slow speeds or fast speeds (Wrisberg et al.,
1983). In an investigation of coincidence anticipation of older
adults (60 to 86 years), Haywood (1980) found a slight negative
bias in one experiment and a slight positive bias in another.

Although the performance of all age groups has usually been
shown to improve with practice, older subjects (11 to 14 years)
typically demonstrate greater improvement (Bard et al., 1981; Dorfman,
1977) and greater response consistency than younger (6 to 9 years)
subjects (Bard et al., 1981; Dorfman, 1977; Haywood et al., 1981;
Thomas et al., 1981). In the Haywood (1980) study, separate experi-
ments revealed that one group of older adult subjects (60 to 75 years)
responded with less variability than did another (65 to 86 years).
Haywood attributed this difference in variability to two factors:

(a) subjects in the first experiment tended to be younger than those
in the second experiment and (b) subjects in the first experiment
participated in activity programs while the second group was
sedentary.

Manipulations of stimulus velocity have been found to have a
significant influence on the accuracy of coincidence anticipation
responses (Alderson & Whiting, 1974; Bard et al., 1981; Dunham,

1977; Haywood, 1977; 1980; Shea et al., 1981; Wade, 1980; Wade,
Newell, & Hoover, 1982; Weiner, 1962; Wrisberg, Hardy, & Beitel,
1982; Wrisberg et al., 1983; Wrisberg & Mead, 1981). Shea et al.
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(1981) found that for young adults, as stimulus velocity increased,
VE decreased. Typically, the accuracy (i.e., decreased AE) of
responses of older children, adolescents, young adults, and older
adults has been found to improve with increases in stimulus velocity
(Haywood, 1980; Dunham, 1977; Ellingstad & Heimstra, 1969; Shea et
al., 1981; Weiner, 1962; Wrisberg et al., 1982).

Retarded children and adults. McGown et al. (1973) used a

coincidence anticipation task to examine the level of performance
and the intra-individual variability of nonretarded and retarded
children. These researchers found, as have others (Francis &
Rarick, 1959; Rarick, Widdop, & Broadhead, 1970; Rarick et al., 1976)
that both fine and gross motor performance of educable mentally re-
tarded children was inferior to that of nonretarded children of the
same chronological age. They reported that the intra-individual
variability of the educable mentally retarded subject was also
significantly greater than that of the nonretarded child. (For a
more complete discussion of intra-individual variability in the per-
formance of retarded populations see Baumeister, 1968). The reasons
for these differences both in performance accuracy and in intra-
individual variability have not been determined. Results of studies
only show that the performance of the retarded subject is less con-
sistent than that of the nonretarded subject.

Wade (1980) investigated the performance of educable mentally
retarded and nonretarded children on a coincidence anticipation task

in two separate investigations. In both experiments educable mentally
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retarded children were matched with nonretarded children by chrono-
logical age and by sex. Target velocity was manipulated in Experi-
ment 1. No significant difference was found in the AE performance of
nonretarded and retarded subjects. Wade (1980) found that the
slowest target velocity created problems for all age groups and for
both nonretarded and retarded subjects. This result conflicts with
findings of previous research (Francis & Rarick, 1959; McGown et al.,
1973). Possible interpretations for this discrepancy are discussed
at the end of this section. Wade (1980) also found a significant
effect of age with the performance of the youngest age group being
less accurate than that of the older subjects.

In a second experiment, Wade (1980) varied the display time of
the target and found that as viewing time decreased, error increased.
Again, no significant differences were found in the performance of
the nonretarded and retarded groups, which is contrary to the results
of earlier research (McGown et al., 1973). In both experiments there
were developmental differences in performance; but, no differences
were found.between subjects of differing intellectual capabilities.
As previously mentioned, this conflicts with the results of prior
research (Bruininks, 1974; Francis & Rarick, 1959; McGown et al.,
1973; Rarick et al., 1976). Wade (1980) concluded that the young
child may have a minimum range of speeds within which he/she is able
to perform. Extreme speeds, fast or slow, may have the same effect
on a child's anticipatory response. He also suggested that when
stimuli are introduced which the child has not previously experienced,

performance problems may result. Wade also suggested that the young
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child might be expected to have problems in retaining information
about the velocity of the target if there is a time lag between
successive presentations of stimuli.

There are several factors in the Wade (1980) study and the
McGown et al. (1973) study which could account for differences in
results of each. First, different tasks were used in the two
studies. Wade used a task in which the subject watched an object
move from right to Teft and made a ballistic response (i.e., rolling
a donut-shaped object down a trackway) coincident with the arrival of
the object at the end of the trackway. McGown et al. (1973) used a
task in which the subject watched a metal arrow move from left to
right and pressed a button coincident with the arrival of the arrow
at a stationary target. Second, Wade (1980) and McGown et al. (1973)
were not investigating the same independent variables. Wade (1980)
was interested in stimulus velocity and stimulus duration. McGown
et al. (1973) were concerned with the effect of intra-individual
variability purported to influence motor performance of educable
mentally retarded children. Finally, the retarded populations used
in each study were different. Subjects in Wade's study were in the
upper end of the IQ distribution for the mentally retarded population.
Subjects in the McGown et al. (1973) study were substantially Tower
in the distribution. Differences in performance between these two
samples of mentally retarded subjects might be predicted based on
evidence presented by Bankhead and MacKay (1982), Howe (1959),

Rarick et al. (1976); Sloan (1951). Each has reported that motor
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skill and mental ability are related, with diminished mental ability

being associated with Tower motor performance levels.

Possible Relationship Between Reaction Time and

Coincidence Anticipation

Belisle (1963) has suggested that in order to make a response
which is coincident with some stimulus or event, a decision to
respond must be made at least one reaction time before the response
is to be made. Although this suggests the possibility that subjects
having rapid reaction times may have an advantage during performance
on a coincidence anticipation task, correlations between reaction
time and coincidence anticipation performance have typically been
found to be very low or near zero for nonretarded adult subjects
(Grose, 1967; Haywood, 1977; Thomas et al., 1981). Thomas et al.
(1981) have contended that a developmental relationship might be ex-
pected to exist between reaction time and coincidence anticipation.
They suggested that improvements with age in performance on reaction
time tasks or coincidence anticipation tasks might be attributed to
central or noncentral processing factors. Gallagher and Thomas
(1980) discovered that older children (11 years) when compared to
younger children (7 years) were able to process the same amount of
information (input of stimulus, plan of response, initiation of
response) within a shorter period of time. In addition, when older
children were presented with increased amounts of information, they
were able to process the information within the same time frame as

when no additional information was presented.
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Thomas et al. (1981) have contended that coincidence antici-
pation is an exemplary information processing task in that the subject
is required to encode stimuli, create a plan/strategy (which includes
decision making), and initiate the appropriate response. They fur-
ther point out that reaction time is reflective of the initial stages
of information processing. Given these presuppositions Thomas et al.
(1981) obtained performance measures for simple visual reaction time
and coincidence anticipation from five different age categories.
These investigators found that both reaction time scores and coin-
cidence anticipation scores decreased as a function of increasing
age. More importantly, reactioh time was reported to be significantly
correlated with coincidence anticipation scores for nonretarded males
who were 7, 9, and 11 years of age. The generalizability of this
trend to other groups of nonretarded subjects or to groups of re-

tarded subjects is presently unknown.

Summary

Reaction time is often acknowledged as one aspect of timing
ability (Baumeister & Kellas, 1968a; Marteniuk, 1976; Thomas et al.,
1981). Researchers have reported that reaction time decreases with
increasing age (Bankhead & MacKay, 1982; Eckert & Eichorn, 1977;
E11is & Sloan, 1957; Fulton & Hubbard, 1975; Goodenough, 1935; Henry,
1961; Jones, 1937; Philip, 1934; Thomas et al., 1981). Independent
variables which have been found to be related to changes in reaction

time include: (a) temporal variability (Baumeister & Kellas, 1968b),
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(b) stimulus intensity (Kellas, 1969), and (c) task complexity
(Bankhead & MacKay, 1982).

Reaction time studies comparing the performance of nonretarded
and retarded individuals reveal slower reaction time for the latter
group (Bankhead & MacKay, 1982; Baumeister, 1968; Baumeister &

Kellas, 1968a; 1968b; Baumeister & Wilcox, 1969; Berkson & Baumeister,
1967; E11is & Sloan, 1957; Gosling & Jenness, 1974; Kellas, 1969;
Krupski, 1977; Terrell & Ellis, 1964). Retarded subjects also tend

to perform with greater intra-subject variability than nonretarded
subjects (Baumeister & Kellas, 1968a; 1968b; 1968c; Berkson &
Baumeister, 1967; Gosling & Jenness, 1974; Kellas, 1969; Krupski,
1977). The manipulation of variables such as stimulus intensity
appears to be related to the change in reaction time performance of
retarded subjects more than that of nonretarded subjects (Baumeister
et al., 1964).

Coincidence anticipation is considered by many to be an im-
portant component in motor performance (Belisle, 1963; Schmidt, 1968).
Generally, it appears that change in coincidence anticipation perform-
ance is related to manipulations of stimulus velocity (Alderson &
Whiting, 1974; Bard et al., 1981; Dunham, 1977; Ellingstad, 1967;
Ellingstad & Heimstra, 1969; Haywood, 1977; 1980; Shea et al., 1981;
Wade, 1980; Wade et al., 1982; Wrisberg et al., 1982; Wrisberg et
al., 1983; Wrisberg & Mead, 1981) and that responses are more
precise at fast speeds (312-581 cm/sec) than slow speeds (44.7-134
cm/sec) (Alderson & Whiting, 1974; Bard et al., 1981; Haywood, 1977;

1980; Wade, 1980; Wade et al., 1982; Weiner, 1962; Wrisberg et al.,
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1982; Wrisberg et al., 1983; Wrisberg & Mead, 1981). Furthermore,
the available evidence seems to indicate that stimulus velocity
affects the coincidence anticipation performance of young children,
older children, adolescents, and adults in different ways (Alderson
& Whiting, 1974; Dunham, 1977; Haywood, 1980; Wade, 1980; Wrisberg
et al., 1982). Finally, of the error measures used, VE and AE seem
to provide more consistent results across studies than does CE.
Some novel timing tasks have been created; although intercorrelations
of performance on these tasks have not been reported.

Studies addressing the coincidence anticipation performance of
retarded children have produced conflicting results. While it has
been shown that their performénce is more variable and produces
greater error than the performance of nonretarded individuals
(McGown et al., 1973), a second study (Wade, 1980) has not reported
such trends. It is possible that the differences which have been
noted are due to methodological inconsistencies and not to dif-
ferences in the subjects' performance levels.

It has been suggested that in most motor skills which involve
a continuous movement, the proficient and skilled performer must make
certain predictions concerning important stimuli. Others have implied
that rapid reactions may be beneficial to accurate anticipation and
timing (Poulton, 1965; Thomas et al., 1981). Research has revealed
that for nonretarded populations, accurate anticipation of a stimulus
will decrease the time necessary for response initiation in a dis-

crete movement task (Adams & Creamer, 1962; Klemmer, 1956; 1957);
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however, knowledge concerning the role of coincidence anticipation in
a continuous movement is limited (Thomas et al., 1981).

Studies investigating the relationship between reaction time
and coincidence anficipation have been conducted using nonretarded
subjects (Grose, 1967; Haywood, 1977; Thomas et al., 1981). A
positive relationship between the two timing abilities has been re-
ported for young age groups (Thomas et al., 1981). As age increases
this relationship becomes weaker (Grose, 1967; Haywood, 1977;

Thomas et al., 1981).

Few studies have investigated the developmental characteristics
of children's timing performance which could give information as to
processing needs (Thomas et al., 1981). The literature contains an
abundance of descriptive evidence which provides comparative infor-
mation about the performance of children and adults (Kay, 1969; Reid,
1980; Wade, 1976); however, few studies have been conducted which
tease out explanations for such developmental differences in perform-
ance. Those explanations indicate something about how an individual
Tearns (Wade, 1976).

Even fewer studies of this type have been conducted with re-
tarded subjects. In general, research involving retarded subjects
has contributed to a general body of knowledge about the effect of
intellectual impairment on performance (Campione & Brown, 1978), or
regarding possible processes underlying timing behavior (Baumeister
& Kellas, 1968c).

The different phases of an information processing model are

reflected in the demands of a coincidence anticipation task (Thomas
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et al., 1981). It has been suggested that reaction time is re-
flective of part of the information process in that it primarily
represents decision time (Marteniuk, 1976). For the nonretarded
population, older children (Gallagher & Thomas, 1980) and adults
(Haith et al., 1970) have been shown to be more efficient processors
than young children (Gallagher & Thomas, 1980; Haith et al., 1970);
therefore, as mental age increases so do the processing capabilities.
It is possible that young children with Tower mental ages view the
two tasks in a different way than do older individuals with higher
mental ability. Moreover, it might be predicted that retarded
individuals and nonretarded children (possessing comparable mental
ages) demonstrate similar patterns of relationship between reaction
time and coincidence anticipation performance. In order to investi-
gate this possibility as well as to determine age-related differences
in the perceptual-motor performance and the information processing
capabilities of retarded and nonretarded individuals, the present

study was conducted.



CHAPTER III
PROCEDURES

This chapter provides information which will identify and
describe the (a) subjects, (b) apparatus, and (c) procedures used
in this study. The information in the latter two categories will
pertain first to the reaction time task, and then to the coincidence

anticipation task.

Subjects

Permission was obtained from superintendents and principals of
school systems in Anderson, Blount, and Sevier Counties, Tennessee,
to use nonretarded and retarded male students as participants in this
study. Parental permission forms, accompanied by a letter explaining
each task, were sent to the parents of students who met the require-
ments for the project (Appendix A). Before the student could par-
ticipate, he had to return the permission form which had been signed
by his parent or guardian.

Retarded subjects were studenfs in three different types of
schools. The majority of subjects in the younger two age categories
attended a school which was designed to meet the needs of the |
mentally deficient. These children, for various reasons, were not
able to be placed in a regular school setting. Others of these two
age categories (7-8, 9-10) were students at schools which had

designed special programs for the retarded child. For the most
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part these children remained in these classes for the school day.
Another group of subjects in the 11-12 and the 13-14 year old
catégory attended schools which had special programs designed
for them for part of the day. These individuals were aiso
mainstreamed into regular classes where it was appropriate. Four
of the eight subjects in the 17-20 year old category were students
at a local high school, and were mainstreamed into classes at their
school. One of the subjects who was in the 17-20 year old category
was a student at a resource center for the mentally deficient.

This school was similar to the school in which the 7-8 and 9-10
year olds were enrolled.

The subjects were classified by one of the following
chronological age categories of growth and development: (a) 7
years, 0 months through 8 years, 10 months, (b) 9 years, O months
through 10 years, 10 months, (c) 11 years, 0 months through 12
years, 10 months, (d) 13 years, 0 months through 14 years, 10
months, and (e) 17 years, 0 months through 20 years, 10 months.
Each age category consisted of eight retarded and eight non-
retarded subjects. Although prior investigations (Thomas et
al., 1981; Wade, 1980) have not used these specific age limits,
others (Cratty, 1979; Gesell, 1946) have contended that these age
1imits best represent the typical stages of growth and

development.



Apparatus

Reaction time apparatus. A visual stimulus unit (Model
63030, Lafayette Instrument Companyf was used to present stimuii
on reaction time trials. Reaction time was measured by a stop
clock (Model 63017, Lafayette Instrument Company) which was
interfaced with the visual stimulus apparatus. Also connected
to the clock were an initiation key and a response key; thus, the
apparatus consisted of four components: (a) the stimulus
apparatus, (b) the stop clock, (c) the initiation key, and
(d) the response key. The stimulus apparatus consisted of a
box (11 cm in Tength, 10 cm in width) on which were mounted two
small bulbs. A white "warning" bulb (.6 cm diameter) was
positioned on the front of the box 2 cm above a red "stimulus"
bulb (1.3 cm diameter). The stop clock was mounted on a control
unit which was 20.6 cm in height, 35.5 ¢m in width, and 25.3 cm
in depth. The initiation key and the response key (2.8 cm
diameter) were similar in design to a telegraph key, and were
mounted on a board 19.8 cm in length, 12.4 cm in width, and 1.2
cm in height. Also mounted on the control units were switches
which allowed: (a) selection of foreperiod duration, (b)
selection of the stimulus mode (visual or auditory), (c)
stimulus presentation, and (d) resetting of the clock.

A trial was initiated when the subject depressed and held

down the initiation key. The experimenter then pushed the
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"initiate" button which preceded the following sequence of
events: (a) illumination of the white warning light, (b) offset
of the warning 1ight, (c) variable foreperiod, (d) illumination
of the red stimulus light and activation of the clock; (c) release
of the initiation key by the subject (which stopped the clock),
and (f) depression of the response key (which extinguished the

red stimulus light).

Coincidence anticipation apparatus. A Bassin Anticipation

Timer (Model 50-575, Lafayette Instruments Company) was used to
measure the timing accuracy of each subject. The apparatus consisted
primarily of three components: (a) a trackway (Model 50-575-R,
Lafayette Instruments Company), (b) a control unit, and (c) a response
key. The trackway consisted of three sections which were connected
end to end. Each section was 76 cm in length, 8.5 cm in width, and
6.6 cm in height with 16 red bulbs (.6 cm diameter) spaced 4.5 cm
apart (center to center). At the end of the last section adjacent to
the bulb on the trackway nearest the subject.was a piece of white
tape, the length of which was equal to the width of the trackway.
This tape served to accentuate the location of the lamp on the runway
closest to the subject (i.e., the target lamp). At the end of the
trackway furthest from the subject was a white warning lamp, the
illumination of which served as a signal to alert the subject that

the sequence of apparent motion was about to begin.
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The control unit (Model 50575, Lafayette Instruments Company)
was 25.7 cm in width, 17.4 cm in depth, and 12.8 cm in height.
Mounted on the front of the control unit were switches which
allowed: (a) initiation of the 1ight sequence of apparent motion
and (b) resetting of the timer. A digital display presented the
subject's error (in msec) on each trial. An error represented the
difference between the moment of arrival of the stimulus at the tar-
get point and the moment of key depression by the subject. Mounted
on the control unit to the left of the digital display were two bulbs
which signaled to the experimenter whether the response was "early"
(i.e., key depression occurring before the moment of illumination of
the target lamp) or "late" (i.e., key depression occurring after the
moment of target lamp illumination). As indicated earlier, the lamp
located nearest the subject functioned as the target lamp. A trial
began when the experimenter pushed the initiate button which pre-
ceded the following sequence of events: (a) illumination of the
yellow warning light and (b) sequential illumination and offset of
the red lights which were arranged in a linear sequence on the track-
way. Key depression by the subject caused the clock to stop. None
of the bulbs, including the last bulb in the series, remained
i1luminated following key depression (i.e., the subject was not able
to "stop" the illumination sequence at any specific point on the

trackway).
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Procedures

Data collection for this study was begun in March 1983 and was
completed in June 1983. Testing was conducted in 13 schools which
were located in school systems in Anderson, Blount, and Sevier

Counties, Tennessee.

Pilot testing. Previous research (Haywood & Teeple, 1976) has

shown that in a reaction time task involving nonretarded adults,
eight trials were needed to achieve baseline performance. A number
of reaction time studies with children (Berkson & Baumeister, 1967,
E11is & Sloan, 1957; Goodenough, 1935; Kellas, 1969; Krupski, 1977)
have used different numbers of familiarization trials, ranging from
12 to 50.

The number of familiarization trials needed for retarded
children had not been determined prior to this study. In order to
determine an appropriate number of trials to Qse with the Bassin Timer,
a pilot study was conducted which involved retarded subjects (IQ range
of 50 to 69) whose ages ranged from 9 years, 0 months to 11 years, 11
months. The level of performance of most of these subjects peaked by
Trial 15. For each age group, a slight decline in performance was
observed beginning with the seventeenth and eighteenth trials, many
of the subjects appeared to be distracted, disinterested, or fatigued.
Thus, for the present study, 20 trials were administered, 6 trials
to familiarize and assure comprehension of the task, 10 trials for
a performance measure, and 4 final trials. The number of initial

trials used in the present study (i.e., six trials) is consistent



with that used by Thomas et al. (1981) who gave eight preliminary

trials to eliminate learning effects.

Reaction Time Task

General procedures. As the subject entered the room, he was

instructed to sit in a chair of appropriate size for the individual,
facing the apparatus (Appendix D). In order to determine the sub-
ject's preferred hand he was asked, "Which hand do you write/color
with?" If there was hesitation or question on the part of the sub-
ject, the subject's teacher was consulted. After determining the
subject's preferred hand, the experimenter positioned the subject so
that the initiation key was directly in front of him.

The response key, identical in design to the initiation key,
was positioned 10.16 cm to the right (or left dependent upon the
subject's preferred hand) of the initiation key (Appendix D). Move-
ment from the initiation key to the response key provided the subject
with visual feedback that he had accomplished the goal of the task
(i.e., depression of the response key extinguished the red stimulus
lamp). This event was instrumental in sustaining the attention of
both nonretarded and retarded subjects. The stimulus box was
positioned 10.16 cm above the response key, allowing the subject to
see both the stimulus 1ight and the response key as he moved his hand
from center to right or center to left. If the subject was right
handed, he moved his hand to the right to the response key. If he

was left handed, he moved his hand to the left.
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In order to familiarize the subject with the apparatus and the
task, the following instructions were given to the two younger age
groups of nonretarded subjects and to the first four age groups of
retarded subjects. Modification of these instructions was made
according to the needs of the subjects in the older age groups or
for any subject as was considered necessary. The subject was told
that when he heard the word, "Ready," he was to depress the initia-
tion key with the index and middle fingers of his preferred hand,
without resting his hand on the table. He was instructed to direct
his attention to the stimulus box. The subject was told that if he
kept the key in this position, a white bulb would illuminate and then
extinguish; and that a red 1ight would then illuminate. He was in-
formed that the 1ighting of the red 1ight meant that he was to move
his hand from the initiation key to the response key, depressing the
latter in as fast a time as possible. During the instruction phase
of the testing, subjects were given the opportunity to view the
operation of the apparatus and to perform the task with verbal
assistance from the experimenter. Five initial trials were then
administered. After the subject had completed these trials, he was
asked the following questions: (a) "What are you supposed to do when
I say, 'Ready?'" (b) "Where are you supposed to watch after I say,
'Ready?'" (c) "What are you supposed to do when the red 1ight comes
on?" If the subject did not answer these questions correctly, further
instruction and practice opportunities were allowed.

In an earlier study, Holden (1966) used as many trials as were

necessary for understanding. For the purpose of the present study,
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comprehension of the task was determined by correct response to
instructions in the initial trials and by correct answers to the
questions which followed the initial five trials. If these two
criteria were not met, further instruction was given to the subject.
After these two criteria were met, the sixth trial was administered
for the purpose of redirecting the subject's attention to the task.
The remainder of the trials were then administered to the subject.
No knowledge of results was given to the subject regarding his re-

action time performance.

Coincidence Anticipation Task

The subject entered the room and was instructed to sit in a
chair which faced a desk on which the response key was located
(Appendix D). The size of the chair and desk varied according to the
size of the individual. Each subject was positioned with the midline
of his body perpendicular to the Bassin trackway, the near end of
which was 204.47 cm from the response key. The response key which
was placed on top of the desk was 5.08 cm from the edge of the desk
closest to the subject. The trackway was positioned in the center of
a table top which was 53.34 cm from the floor (Appendix D).

In the pilot study which was discussed earlier, subjects were
tested at five different speeds: (a) 44.7 cm/sec (1 mph), (b) 134
cm/sec (3 mph), (c) 224 cm/sec (5 mph), (d) 313 cm/sec (7 mph), and
(e) 403 cm/sec (9 mph). One of the purposes of the present study
was to determine the subject's ability to anticipate the arrival of

a moving stimulus at a predetermined target. Results from the pilot
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study revealed that subjects performed with the least amount of error
at 134 cm/sec; therefore, this velocity was utilized in the present
study.

Instructions were given to the subject to familiarize him with
the task and the apparatus. Modification of the instructions was made
as was necessary to assure comprehension on the part of the subject.
The subject was instructed to direct his attention to the top of the
trackway, observe the illumination sequence, and then verbally report
to the experimenter what had happened. Each subject was asked the
following questions: (a) "What do you see?" (b) "Is it moving or
standing sti11?" (c) “"What color is the moving 1ight?" None of the
subjects were unable to answer these questions. The experimenter
then instructed the subject to place the index and middle fingers of
the preferred hand on the key located in front of the subject. The
subject was allowed to rest the heel of his hand on the table. The
subject was told that when he heard the word, "Ready," he was to
focus his attention on the white warning light at the far end of the
trackway. He was then instructed to "watch the 1light as it moves down
the trackway; and, at the same time that the light reaches the last
lamp on the trackway, press down the key."

The subject was given five initial trials, after which the
following questions were asked in order to give evidence of the
subject's comprehension of the task:

1. "Where are you supposed to look when I say, 'Ready?'"

2. "What are you supposed to do at the same time the light
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gets right here?" (Experimenter pointing to the target
Tamp). 7
For some of the subjects, the following question was also asked:

3. "Are you supposed to push the button when the light is
here?" (Experimenter pointing to the middle trackway
section). "Here?" (Experimenter pointing to the first
trackway section). '"Here?" (Experimenter pointing to
the last trackway section). "Show me where the light
should be at the same time you push the button."

In order to redirect the subject's attention to the task a sixth
trial was administered followed by presentation of the remaining
trials. No knowledge of results was given to the subject regarding
his coincidence anticipation performance.

In an attempt to prevent possible order effects and to further
jnsure internal validity, a counterbalanced procedure was used with
each subject assigned to one of the two following orders of task
presentation: (a) reaction time then coincidence anticipation
trials, or (b) coincidence anticipation then reaction time trials.
Each subject was tested on two consecutive days. Subjects were
tested individually with each session taking approximately 15 to

20 minutes.




CHAPTER IV

RESULTS

In this chapter (a) the methods used in data analysis and (b)
the results of the data analysis will be presented. Each of the five
hypotheses is restated and accompanied by the results of the analysis

for that hypothesis.

Data Analyses

Assessment of reaction time and coincidence anticipation per-
formance was conducted using the central 10 scores (i.e., trials 7-
16) of the 20 trials for each subject for each task (see Chapter III
for rationale). For reaction time performance, the median score of
the 10 trials for each subject was analyzed as the dependent measure.
Constant error (CE) and variable error (VE) have commonly been used
as error measures for coincidence anticipation performance (Schmidt,
1975). According to Schutz and Roy (1973), CE and VE scores
allow the clearest and least repetitive information about the
accuracy of a person's performance. These researchers have
mathematically demonstrated that absolute error (AE) is a combination
of CE and VE. In light of this fact, AE was not used in the data
analysis for the present study. The CE score was obtained by
determining the median of the central 10 scores (i.e., trials 7-16).
The VE score was calculated as the standard deviation of a subject's
CE scores around his median CE for the 10 trials. Differences were
considered significant at the alpha level of .05.

48
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The F (folded) statistic (Steele & Torrie, 1960) was computed

in the TTEST procedure of SAS 79 (Ray, 1982) to test the assumption
that the variances were equal. Because variances were found to be
significantly (p < .05) different for all dependent measures, a sub-
sequent log transformation was performed on the data. However, the
TTEST procedure again indicated unequal variances; therefore, a
Kruskal-Wallis one-way analysis of variance was conducted on each of
the dependent measures for each age and IQ group (Siegel, 1956).
Subsequent post hoc analysis using the Mann-Whitney-Wilcoxen procedure
was performed, where appropriate, to locate the source of significant
differences. The Spearman rank order correlational technique (Siegel,
1956) was used to determine whether significant correlations existed
between the dependent measures of median reaction time and median
absolute CE (the absolute value of each subject's median CE). The RT
and CE measures for each trial, task and subject are presented in

Appendix C

Hypothesis 1

There will be no significant difference in the median reaction

time scores among age categories within either group: (a) retarded or

(b) nonretarded.

Retarded subjects. Median reaction time scores for each age

category and the Kruskal-Wallis test summary table for median reaction
times are presented in Table I. Summary statistics for the Mann-
Whitney-Wilcoxen procedure are presented in Table II. Inspection of

these tables reveals that median reaction time decreased as a function



50

81¢" 00" 91 00°SS 8 0¢-L1
8GE” 00" 91 00" v0T 8 vI-€1
FLTA 60" > d ‘pLve = Avvmm. 00" 91 00881 8 2i-11
Go6V° 00" %91 00°1¢¢ 8 01-6
G26S” 00" ¥91 00° 252 8 8-/
3400§ stsAleuy SLLBM-|eYSNJU)  OH J3pun paldadx3y  sjuey jo wng N  A4obaje) aby

ueLpspw dnoup

$323qng vmv;mpmm IBWL] uOLIOoeaY SLSALeUY SL|LeM=-[eJSNAY 3yl J404 SOL31SLIelS Adeumng

I 319vl




51

SN 05 98 8 102-L1 SA Y1-€1
S 187 56 8 0z-L1 SA ZI-T1
SN 05 98 8 yI-€1 SA 21-11
S 9¢ 00T 8 02-L1 SA 01-6
S L€ 66 8 yI-€L SA 0T-6
SN 29 vL 8 21-11 SA 01-6
s 9€ 00T 8 02-L1 SA 8-/
S 6€ L6 8 pT-€1 SA 8-/
SN 25 v8 8 1-11 SA 8-/
SN 95 08 8 01-6 SA 8-/
SN/S 021  I-€1  2I-1t  01-6 8L N uos L aeduo)

$309lfqns papueiay

I23WL] uoLy}OedY

si1sALeuy uaxod|LM-A3ujlymM-uuey a8yl 404 SOLISLILIS Adeuwng

IT J379vl



52
of increasing age. Within each of the youngest age categories, the
intersubject variability was quite large. A substantial reduction in
the range of the medians was observed in the 13-14 year old group as
wel]las in the 17-20 year old group. A Kruskal-Wallis one-way
analysis of median reaction time scores revealed a significant effect
of age, 5?(4) = 24.74, p < .05. Thus, Hypothesis 1(a) was rejected.
The median reaction time scores of the 7-8 year olds, the 9-10 year
olds, and the 11-12 year olds were not significantly different; but,
all three groups had significantly slower reaction times than the 13-
14 year olds and the 17-20 year olds. The scores of the latter two

age groups were not significantly different.

Nonretarded subjects. The median reaction time scores for each

age category and the Kruskal-Wallis test summary table are presented
in Table III. The summary statistics for the Mann-Whitney-Wilcoxen
procedures are presented in Table IV. As in the case of retarded
subjects, median reaction time for the nonretarded group appeared

to decrease as age increased. The range of scores within and

between age categories was relatively small.

The analysis of median reaction time scores across ages for
this group revealed an overall significant effect, 5?(4) = 23.43,
p < .05; therefore, Hypothesis 1(b) was rejected. Post hoc procedures
revealed that the median reaction time scores of the 7-8 year old
group were significantly slower than those of each of the four older
age groups. The scores of the 9-10 year olds, 11-12 year olds, and

13-14 year olds were not significantly different, but the reaction
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times of all three of these groups were significantly slower than that

of the 17-20 year old group.

Hypothesis 2

There will be no significant difference in the coincidence

anticipation performance (CE and VE) among age categories within

either group: (a) retarded or (b) nonretarded.

Retarded Subjects The VE scores, median CE scores and the

Kruskal-Wallis test summary are presented in Table V. Summary
statistics for the Mann-Whitney-Wilcoxen procedure conducted on VE
scores are presented in Table VI. For CE there was no significant
difference between age groups, 1?(4) = 4.23, p > .05

As age increased, VE generally appeared to decrease. The VE
for each of the three youngest age categories was very large. How-
ever, there was a substantial decrease in VE for the 13-14 year old
age group and a further reduction for the 17-20 year old category.
An analysis of VE scores revealed a significant age effect, 5?(4) =
17.33, p < .05; therefore, Hypothesis 2(a) was rejected for VE.
Mann-Whitney-Wilcoxen post hoc procedures revealed that the VE of
7-8 year olds, 9-10 year olds, and 11-12 year olds was not signifi-
cantly different. The VE of the first two age categories was signifi-

cantly higher than that of 13-14 year olds and the VE of the 11-12

year olds, and 17-20 year olds, was not significantly different.



56

02.0° 00" +¥91 06°468 8 0¢-L1
$690° . 00" 91 0G°00T 8 P1-€1
GI8T" Go* > d ‘ge /1 = me 00" ¥91 00°LL1 8 21-11
G61¢-’ 00" v91 00°L1¢ 8 01-6
0962° 00" 91 00°0%¢ 8 8-/
A044] d[qeLaep
G28v0 "+ 00" t91 00°0¥1 8 0¢-L1
LGL0°+ 00" 91 00°611 8 Pi-€1
0ceT "+ _ 00" ¥91 00" ¥L1 8 21-11
Gb61 "+ 0" < d ‘gz'y = A¢vwx 00" 91 00°€02 8 01-6
OTLT + 00" 91 00" ¥31 8 8-L
40443 JURISUO)
$94009 SLSALeuy SLLLBM-LBYSnUY OH 43puf pa323dx] syuey jo wns N Kaobajey aby

uetpap dnouy

$1090qNS papue}3dY *40UUT 3| QeLARA pu®R JURISUO)
SLSALeuy SLLLeM-LeNSNJIY 3yl 404 SO11SL3eIS Adeuwmng

A 318Vl



57

SN G° €9 §°¢L 8 0¢-L1 SA PI-€1
SN AT v8 8 0¢-LT SA 2I-T1
SN GS 18 8 vI-€T SA 2I-11
S 4y ¥6 8 0¢-LT SA 01-6
S SY 16 8 1-€1 SA O1-6
SN 29 124 8 ¢1-11 sA 01-6
S 9¢ 001 8 02-L1 SA 8-£
S 6€ L6 8 v1-€1 SA 8-L
SN 89 8L 8 ¢I-11 SA 8-£
SN €9 €L 8 01-6 SA 8-/
SN/S 02-L1 v1-€1 ¢i-11 01-6 8-L N uos Laedwo)

$309(qnS pap4elay 40443 3|qelJep
stsAleuy uaxod|IM-AaulLymM-uuel 3yl 404 SOL3SLIR]S Asewwng

IA JF78vl



58

Nonretarded subjects. The VE scores, median CE scores for

each age category and test summary for the Kruskal-Wallis analysis

are presented in Table VII. Summary statistics for the Mann-Whitney-
Wilcoxen procedure conducted on VE scores are presented in Table VIII.
For CE, there was no significant difference between age groups,

1?(4) = 5.30, p > .05. For CE, Hypothesis 2(b) was not rejected.

For this IQ group, the individuals in the oldest category
responded most consistently; that is, as age increased, VE decreased.
However, within each age category there was a wide variability of VE
scores. An analysis of VE scores revealed a significant age effect,
5?(4) = 19.44, p < .05; therefore, Hypothesis 2(b) was rejected for
VE. Post hoc Mann-Whitney-Wilcoxen procedures indicated that the VE
for the 7-8 year old group was significantly higher than that of all
other groups with the exception of the 9-10 year olds. Although VE
scores decreased as age increased, there was no significant dif-
ference in VE between the 9-10 year olds, the 11-12 year olds, and

the 13-14 year olds. However, each of those groups had VE scores

which were significantly higher than that of the 17-20 age category.

Hypothesis 3

There will be no significant difference in the median reaction

time scores of retarded and nonretarded groups for any of the five

age categories.
The median reaction time scores for each age catégory for each
IQ group and test summary for the Kruskal-Wallis analysis are pre-

sented in Table IX. The summary statistics for the Mann-Whitney-
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Wilcoxen procedure are presented in Table X. The decrease in reaction
time over the first three age categories followed a similar pattern
for both retarded and nonretarded groups. However, the decrease in
reaction time scores from the 11-12 year old to the 13-14 year old
category appeared to be more substantial for the retarded group than
for the nonretarded group.

The Kruskal-Wallis analysis of variance revealed a signifi-
cant overall effect of groups, l?(l) = 18.21, p < .05; thus,
Hypothesis 3 was rejected. A Mann-Whitney-Wilcoxen procedure was
utilized to determine the age categories for which a significant
group difference existed. Analysis of data revealed a significant
difference between the median reaction time scores of retarded and
nonretarded groups for the following age categories: (a) 7-8 years,
(b) 9-10 years, and (c) 11-12 years. In each case, nonretarded sub-
jects had significantly faster reaction times than did retarded sub-
jects. While the scores of nonretarded subjects in the 13-14 and
17-20 year old categories were faster than those of retarded sub-

jects, the difference was not statistically significant.

Hypothesis 4

There will be no significant difference in the coincidence

anticipation performance (CE and VE) of retarded and nonretarded

groups for any of the five age categories.

The VE scores and median CE scores for each age category and IQ
group and test summary for the Kruskal-Wallis analysis are presented

in Table XI. The summary statistics for the Mann-Whitney-Wilcoxen
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procedure for VE and CE scores are presented in Table XII. The

Kruskal-Wallis analysis of variance revealed no overall groups effect

2
(

for CE, X"(1) = 1.08, p > .05, consequently, Hypothesis 4 was not re-

jected. However, the VE produced a significant groups effect,.lz(l)
= 20.94, p < .05. Therefore, Hypothesis 4 was rejected for VE. A
Mann-Whitney-Wilcoxen procedure was utilized to determine the age
categories for which a significant group difference existed. For each
IQ group, VE decreased as age increased. For each age category the
within group variability of VE scores was lower for nonretarded sub-
Jects than for retarded subjects. Furthermore, VE appeared to de-
crease in larger increments with increasing age for the nonretarded
group than for the retarded group. Post hoc analysis of VE scores
revealed a significant difference between retarded and nonretarded
subjects for the following age categories: (a) 7-8 years, (b) 9-10
years, and (c) 17-20 years. In each case nonretarded subjects had
Tower VE scores than their retarded counterparts. For the two other

age categories (11-12 and 13-14 years), there was no significant dif-

ference between the VE scores of retarded and nonretarded subjects.

Hypothesis 5

There will be no significant relationship between median re-

action time scores and the absolute value of median CE scores for any

age category within either group: (a) retarded or (b) nonretarded.

Retarded subjects. Correlation coefficients for retarded

subjects in each age category are presented in Table XIII. The

Spearman rank order procedure used for correlating median reaction
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Correlation Coefficientsd@--Retarded Subjects Median
Reaction Time and Absolute Constant Error

TABLE XIII

67

Age Category Coefficient Significance
7-8 -.26 .53
9-10 -.62 .10
11-12 .45 .32
13-14 .17 .69
17-20 .45 .32

aSpearman Rank Order.
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time scores and the absolute value of median CE scores revealed no
significant relationship for any of the age categories. However, a
large negative correlation (-.62) was found for the 9-10 year old
category. Although not significant at the .05 level, this relation-
ship approached significance and indicated that as reaction time
scores increased, the absolute value of median CE decreased. For
remaining age categories, the strength of the correlation coefficients

was weak and all but one (7-8 year olds) were positive.

Nonretarded subjects. Correlation coefficients for non-

retarded subjects in each age category are presented in Table XIV
The Spearman procedure used for the correlation of median reaction
time scores and the absolute value of median CE scores revealed no
significant relationship for any of the four youngest age groups.
However, a significant (p < .05) positive correlation (.91) was ob-
tained for the oldest age group (17-20 year olds). Therefore,
Hypothesis 5 was rejected. For this age group, faster reaction times
were associated with increased coincidence anticipation accuracy
(i.e., less response bias). The correlation coefficients for these
groups were all low and, with one exception (7-8 year olds),

positive.



TABLE XIV

Correlation Coefficientsa--Nonretarded Subjects: Median
Reaction Time and Absolute Constant Error
Age Category Coefficient Significance
7-8 -.14 .74
9-10 .36 .39
11-12 .29 .49
13-14 .45 .26
17-20 91 .01

aSpearman Rank Order.



CHAPTER V

DISCUSSION

Presented in this chapter is a discussion of the results which
were reported in Chapter IV. The discussion is divided into three
sections: (a) reaction time, (b) coincidence anticipation, and (c)
the relationship of reaction time to coincidence anticipation. With-
in each section, separate discussions are devoted to the performance
of (a) retarded and (b) nonretarded subjects. This discussion is
limited to research in which (a) tasks were used which are similar to
those used in the present study and/or (b) the sample selected con-
sisted of subjects across an age range similar to that (7-20 years)
chosen for the present study.

Low correlations between reaction time and movement time have
typically been reported for some tasks requiring a rapid reaction
which is followed immediately by a rapid movement (Henry, 1961;
Smith, 1961). It might be argued that this low relationship is due
to a differential "trading off" by subjects of reaction time for
movement speed or vice versa. Thus, it is possible that in the
present study some subjects may have focused more on moving
rapidly (i.e., movement speed) from the initiation key to the
response key (i.e., the target) which may have delayed their key re-
lease movement (i.e., reaction time). It was felt, however, that
subjects in the present study (particularly those who were younger)

would respond to the reaction time task with more sustained interest
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and enthusiasm if there was the perception that a task objective

(i.e., hitting the response key and extinguishing the 1ight) had

been completed.

Reaction Time

Retarded subjects. The Kruskal-Wallis one way analysis of

variance revealed that age was a significant factor which was re-
lated to the reaction time performance of retarded subjects (Table

I, page 50). This result appears to be consistent with that pre-
viously reported in the literature (Bankhead & MacKay, 1982; Ellis

& Sloan, 1957). However, post hoc analysis of this age factor re-
vealed that the three younger age categories exhibited similar re-
action time performance (Table II, page 51). Bankhead and MacKay
(1982) reported a significant difference between ages of each category
(6-21 years) in their study. Thus, there was a general trend in de-
creasing reaction time over age in the present study, significant de-
creases were not evident for retarded subjects before early adoles-
cence (13-14 years) as they were in the Bankhead and MacKay (1982)
study.

Median reaction time scores for the three younger age cate-
gories were extremely slow (7-8 year olds = .592 sec, 9-10 year olds
= ,510 sec, 11-12 year olds = .475 sec), while the median scores of
the two older age categories of the same group were considerably
faster (13-14 year olds = .362 sec, 17-20 year olds = .312 sec) (Table
II). There was a significant difference between the 11-12 year old

and the 13-14 year old reaction time performance (Table II). This
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discrepancy in reaction time between the 11-12 and 13-14 year olds
could be attributed to the difference in mean ages of the two groups.
The mean age for the 11-12 year olds was 11 years, 7 months, with most
of the subjects being closer to 11 years of age. The 13-14 year old
category of the retarded group had a mean age of 14 years, 1 month;
therefore, on the average, the 13-14 year olds were 30 months older
than the next younger category of the retarded group. The three
youngest age categories were closer in age to each adjacent group,
thus Tessening the possibility of difference in performance.
Confidentiality restrictions adopted by the school districts
to protect the anonymity of individuals precluded identification of
a person by specific IQ scores; therefore, the subjects were identi-
fied by an IQ range (50-69, inclusive). It is quite possible that
some of the individuals in any or all of the retarded age categories
were at either of two extremes within the specified retarded IQ
range. It has been reported (Howe, 1959; Sloan, 1951) that motor
skill and mental ability are related, with diminished mental ability
being associated with lower motor performance. This factor may have
been operating in the case of younger retarded subjects in the
present study. It is also possible that older retarded subjects
had a higher than usual mental age (which is not always the case).
For the retarded group, six of the eight in the youngest age
category had reaction time performances which were characterized by
a wide range of scores, indicating inconsistencies in response. Al-
though the same was true of responses in the 9-10 year old category,

the width of the range of scores within each age category decreased



73

as age increased beyond that point (Table C-I, Appendix C).

Bankhead and MacKay (1982) also found that as age increased, vari-
ability of scores within the age categofies decreased. Lack of speed
in response and variability in response may be an indication that the
young subject has difficulty in determining when to make a response;
thus contributing to longer decision time. Wade (1976) suggested
that speed of response is affected by perception of signals and

selection of the appropriate responses to those signals.

Nonretarded subjects. Analysis of the median reaction time

scores of the nonretarded group revealed that as age increased, re-
action time decreased (Table IV, page 54). This phenomenon has been
reported by several researchers (Bankhead & MacKay, 1982; Eckert &
Eichorn, 1977; Philip, 1934; Thomas et al., 1981). The statistical
analysis indicated that the performance of the youngest age category
was significantly different from that of the other age categories.
The performance of the 9-10 year olds, 11-12 year olds, and the 13-
14 year olds was similar and not significantly different from each
other. Thus, the lack of significance indicated that significant
decreases in reaction time occur before adolescence. Eckert &
Eichorn (1977) reported that reaction time scores decreased up to age
14. Philip (1934) found that reaction time continued to decrease un-
til age 16.

Although the median reaction time scores of these three age
categories in the present study decreased as age increased, the de-

crease was not statistically significant. The 17-20 year olds,
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however, demonstrated significantly faster reaction time performances
than that of all the groups. This is in agreement with Eckert and
Eichorn (1977); however, Thomas et al. (1981) reported a significant
difference in reaction time scores between each age category (7, 9,
11, 13, and 20 year olds).

As with the retarded group, there was not a completely uniform
age spread across categories. The lack of significance between the
reaction time performance for nonretarded subjects might have been
because the nonretarded 9-10 year olds were closer in age to the 11-
12 year olds and further away from the 7-8 year olds. It is possible
that the lack of uniformity may have contributed to the pattern of

differences in performance between the younger age categories.

Between group comparisons. In general, both retarded and non-

retarded groups in the present study exhibited similar patterns or
trends of performance, with the reaction time of the younger age
categories being slower and more variable than that of the older age
categories. Bankhead & MacKay (1982) used nonretarded and retarded
subjects in a study in which they examined several variables, two of
which were: (a) age related differences in reaction time performance
and (b) differences in reaction timeiperformance of retarded and non-
retarded subjects. They reported similar results (i.e., similar
pattern of performance) concerning the younger subjects within each
IQ group to those results in the present study.

There were, however, in the present study significant dif-

ferences in reaction time performance between several age categories
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of retarded and nonretarded subjects (Table IX, page 61). Past re-
search has revealed that this difference has emerged in other samples
of the two populations (Bankhead & MacKay, 1982; Baumeister & Kellas,
1968b; Gosling & Jenness, 1974; Krupski, 1977). Cross group compari-
sons in the present study revealed differences in performance only
for the three youngest categories. In this respect, it appears that
a pronounced developmental delay may be operating in the case of
younger retarded subjects which contributes to impairments in per-
formance. Most of the retarded children in the three younger
categories: (a) attended a special school for mentally deficient
individuals, or (b) were placed in separate classes in a regular
school setting (i.e., were not mainstreamed). Thus, more severe
retardation and Tack of experience in physical activity could have
accentuated the difference between the two IQ groups.

The reaction time performance of the two older categories of
the retarded group was not significantly different from that of the
two older categories of the nonretarded group (Table X, page 63). It
is possible that for these age categories subjects in the retarded
group were at the upper end of the IQ range. Most of these
individuals had been mainstreamed into regular classes (where
appropriate), and had participated in various types of physical
activities (e.g., football, basketball, etc.). Thus, it is possible
that for the older retarded individuals in this study, past ex-
perience or higher IQ served to reduce differences in their perform-
ance and that of nonretarded individuals. This lack of difference

supports a projected notion of Bankhead & MacKay (1982). As a result
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of their research, Bankhead & MacKay (1982) have suggested that sub-
average intelligence might not hinder the performance of retarded
individuals, if their mental age is not too low and their chrono-
Togical age is advanced.

Another possible explanation for the lack of difference in re-
action time among the older groups of retarded and nonretarded sub-
jects may be traced to the methodology used in subject selection.

A1l subjects were randomly selected from the pool of those
individuals who returned parental permission forms. In the process
of random sampling, it is possible that one or more subjects might

be chosen who demonstrate atypical performance for their group. Such
may have been the case in the present study. The scores of two sub-
jects in the nonretarded 13-14 year old category and that of one sub-
ject in the nonretarded 17-20 year old category were considerably
sltower than the median of each respective age category. Considering
the sample sizes used in this experiment it is possible that the
scores of these subjects might have contributed to the finding of no
difference in the performance of retarded and nonretarded subjects

in those age categories.

Coincidence Anticipation--Constant Ervor (CE)

Retarded subjects. There was no significant difference in

response bias (i.e., constant error) on the coincidence anticipation
task for the different age categories in the retarded group. While
each subject demonstrated his understanding of the task to the satis-

faction of the experimenter, the performance of the two youngest



groups appeared to be characterized by a more pronounced positive

response (i.e., late responding) than was that of their older counter-
parts (Table C.V). Younger retarded subjects appeared to be able to
track visual stimuli which was moving, but their scores indicated

that they might have been less able to use the information to make
their responses coincide with the arrival of the stimulus at the
target point. As age increased (9-14 years) bias became less

positive (i.e., not as late), but the difference between CE perform-
ance of the various age groups was not significant. The retarded
group as a whole (73 percent) responded with a positive bias).

There has been no report in the deve]obménta1 1iferature as to the
performance of retarded subjects using a Bassin Timer. Wade (1980),
using a novel task to investigate task velocity (for description, see
Chapter 1I) reported that age was not a factor which was significantly

related to changes in CE.

Nonretarded subjects. Analysis of the CE data for the non-

retarded group revealed results comparable to those for the retarded
group. There wag no significant difference in CE scores across age
categories. Although there was no significant difference in scores,
median CE decreased up to about 14 years of age. The nonretarded
group generally responded with a less positive bias than the bias

of the retarded group. Wade (1980) in his investigation of the
effect of target velocity on coincidence anticipation performance re-

ported that age was not a significant factor for nonretarded sub-

jects who ranged in age from 8 years, 3 months to 12 years, 4 months.
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The evidence in Wade's (1980) study is supported by the results in the
present study; however, in contrast to the results of the present
investigation, Thomas et al. (1981) reported a significant difference
due to age. Haywood (1977) reported similar results to those of
Thomas et al. (1981). Post hoc procedures used by Haywood (1980)
revealed significantly more directional bias on the part of young

(7 years, 6 months) children than older children (11 years, 8 months).

Coincidence Anticipation--Variable Error (VE)

Retarded subjects. Analysis of the VE data for the retarded

group revealed a significant difference due to age (Table V, page
56). For the most part as age increased VE decreased. The only
exception to this trend occurred for the 11-12 year olds who were
less variable in their performance than the 13-14 year olds; however,
the difference in VE scores for these two groups was not significant.
In an investigation of target velocity and target duration, Wade
(1980) reported that there was a significant difference in VE due to
age factors. Further analysis in Wade's (1980) study revealed that
younger subjects were more variable than older subjects. In the
present study the three youngest age categories demonstrated more
within subject variability in error score than older categories.

The VE of the oldest category was significantly different from that
of the four younger categories. Thus, as in Wade's (1980) study, the
present results suggested the developmental differences in the vari-

ability of coincidence anticipation responses.
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Nonretarded subjects. A significant difference in VE across

age was found for the nonretarded group (Table VII, page 59). The VE
of the subjects in the oldest category was significantly less than
that of the other four age categories. Thomas et al. (1981) also
reported significant age effects for VE; furthermore, performance

of the youngest age group (7 years, 6 months) was significantly

less consistent than that of all other groups. In the present study,
the four younger age categories performed with similar VE scores,

as indicated by a nonsignificant difference in performance for these
age groups. However, as age increased, VE scores generally decreased.
The VE results from this study (particularly the lack of difference
in performance among the younger groups) provided support for the
notion that neither the retarded nor the nonretarded younger
individual has yet formulated general strategies or plans of

action to use when confronted with a novel task.

Between group comparisons. Although there was no group effect

for CE, between group comparisons revealed several differences between
the VE scores of retarded and nonretarded groups (Table VI, page 59).
In both the youngest and the oldest age categories, the VE of retarded
subjects was significantly higher than that of nonretarded subjects.
In the 11-12 year old and 13-14 year old categories, retarded and
nonretarded subjects performed with similar VE scores. The opposite
extremes of VE performance were predictably evidenced by the youngest
age category of the retarded group (which displayed the highest vari-

ability in scores) and by the oldest age category of the nonretarded
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group (which had the lowest VE). This contrast in performance seems
to support the idea that older nonretarded individuals (higher mental
age) are able to encode information and consistently respond with a
selected motor plan, while young retarded subjects (low mental age)

adopt different strategies from trial to trial.

The Relationship of Reaction Time to Coincidence

Anticipation Performance

Statistical analysis revealed a significant relationship
between reaction time and absolute CE for only the oldest group of
nonretarded subjects (Table XIV, page 69). The absence of a signifi-
cant relationship for several of the younger age categories of non-
retarded subjects does not conform to the result of earlier research
(Thomas et al., 1981). Thomas et al. (1981) found a significant
relationship between reaction time and coincidence anticipation per-
formances for male subjects in the age categories of 7, 9, and 11
years, although the relationship became weaker with increasing age.
Grose (1967) and Haywood (1977) reported a very low correlation (no
significance) between reaction time and coincidence anticipation per-
formance for adult subjects. Thomas et al. (1981) suggested that be-
cause young children have poor movement plans, their coincidence
anticipation performance would depend on the response initiation
phase (reaction time) as they processed the information necessary to
perform the timing task. Consistent with this interpretation, Thomas
et al. (1981) projected that slower reaction times in their study

appeared to be paired with late coincidence anticipation responses
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for young males. This suggests that young children (lower mental
ages) may view the coincident timing task in a different way than do
adults (higher mental ages). For example, children who are impulsive
may have faster reaction times and also have difficulty delaying their
coincidence anticipation responses, resulting in more negative
response bias.

Thomas et al. (1981) have suggested that this relationship
weakens for older ages because of the development of better movement
plans. However, in 1ight of the results of the present study, it
might be argued that although the older individual may have had a
better motor plan, reaction time remained an important factor in
coincidence anticipation performance, but in a slightly different
way. Since decisions to respond in a timing situation must be made
at least one reaction time before response initiation (Belisle,

1963; Schmidt, 1975), Schmidt (1975) suggested that a longer viewing
time might be predicted to result in more accurate timing perform-
ance. This is because faster reaction time would presumably allow
more stimulus information to be sampled before the response is
initiated. Thus, subjects with faster reaction times would be
afforded the opportunity to "wait longer" before initiating their
coincidence movement, which might contribute to a more accurate
timing of the stimulus. Conversely, those individuals with siower
reaction times (i.e., high reaction time) might be forced to initiate
their coincidence responses sooner, at the expense of accuracy.

The combination of small sample size and nature of the

statistical measure used to determine the existence of the reaction
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time-coincidence anticipation relationship could also account for:
(a) the pattern of correlation coefficients which were found and (b)
the difference in results between this study and those of past re-
search. The pattern of ranks for reaction time scores for subjects
in the oldest nonretarded group was very similar to their pattern of
ranks for coincidence anticipation scores.

There was no such pattern for any other age categories (except
perhaps the 9-10 year olds in the retarded group). The ranking of
scores for reaction time and coincidence anticipation error scores

(for 9-10 year olds) was the most varied of all the age categories

in both IQ groups. (The retarded 7-8 year olds had the same type of

pattern but the correlation coefficient was not as high.) Because
the Spearman procedure used rank order in the determination of the
correlation coefficient, increasing the sample size for each cate-
gory could affect the ranking of the scores within each category,
which in turn would possibly affect the strength of the correlation
coefficient.

Variability of scores within subjects might also have con-
tributed to the pattern of correlations. In spite of efforts to
make participation in the experiment appealing, some subjects may
have lost interest because of: (a) the number of trials given and
(b) simplicity of the tasks. For some subjects it was necessary, in
the latter half of the trials, to verbally redirect their attention
to the task before continuing with testing. Because of the size of

the age range and IQ range, an attempt was made to keep the demands



of the task as simple as possible. While this might have been
necessary for the younger subjects, the older subjects might have

viewed the task as too simple.
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CHAPTER VI

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

A major factor in the growth and development of an individual
is proficiency in motor skills (Bruininks, 1974). In order to
achieve proficient movement which is required by task demands,
effective utilization and appropriate integration of certain motor
components are necessary (Higgins, 1977). Adaptations to and adjust-
ments in performance by mature and experienced performers seem to be
automatic. The nonretarded individual appears to be increasingly
adaptable to task demands during progressive stages of growth and
development (Gesell, 1946; Kay, 1969). The purpose of this study
was to examine a possible relationship between reaction time and
coincidence anticipation across five age categories of retarded and
nonretarded subjects. In addition, an attempt was made to determine
whether one or all of the following existed: (a) a developmental
pattern of decreasing reaction time and decreasing coincidence
anticipation error scores with increasing age for both retarded and
nonretarded samples, and (b) similarity in reaction time and coin-
cidence anticipation performance between retarded and nonretarded
samples at each age Tevel.

Eighty male subjects who participated in this study were from
one of two populations: (a) retarded (IQ range of 50-69, inclusive)

and (b) nonretarded. Subjects were classified by one of the
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following age categories of growth and development: (a) 7 years, O
months through 8 years, 10 months, (b) 9 years, 0 months through 10
years, 10 months, (c) 11 years, O months through 12 years, 10 months,
(d) 13 years, 0 months through 14 years, 10 months, and (e) 17 years,
0 months through 20 years, 10 months. Each age category consisted

of eight retarded and eight nonretarded subjects.

Two components of motor skills (a) reaction time and (b)
coincidence anticipation (CE and VE) were examined by means of a
simple visual reaction time apparatus and the Bassin Anticipation
Timer, respectively. Variable foreperiods were randomly assigned
to each of 20 trials for the reaction time task. A stimulus velocity
of 134 cm/sec was used on each of the 20 trials which were adminis-
tered on the coincidence anticipation task.

The raw data were organized by determining the median scores
of the central 10 trials (i.e., trials 7-16) for each of the
dependent measures: (a) reaction time score and (b) constant error
(CE). One other dependent measure, variable error (VE), was calcu-
lated as the standard deviation of a subject's CE scores around his
median CE for the 10 trials. Results of the F statistic revealed
unequal variances for each of the three dependent variables and for
subsequent log transformations which were performed on the data.
Therefore, a Kruskal-Wallis one way analysis of variance was con-
ducted on each of the dependent measures for each age category and
IQ group. Post hoc procedures utilizing the Mann-Whitney-Wilcoxen
technique were performed where appropriate to locate the source

of significant difference.
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The statistical analysis revealed that for the retarded sample
the age effect was significant with the performance of the three
youngest age groups significantly slower than that of the two
oldest age groups. The age effect was also significant for the non-
retarded group; however, the 7-8 year olds were significantly slower
than the other four age categories. Although the median reaction
time scores of the 9-10, 11-12, 13-14 year olds were not signifi-
cantly different from one another, the performance of each was sig-
nificantly different from that of the 17-20 year old category.

Median reaction time scores of the retarded group were
significantly different from those of the nonretarded group. Further
analysis revealed that this difference was located between the three
youngest age categories. The performance of the two older groups was
not significantly different.

For CE, there were no significant differences between age
categories within either IQ group. For VE, there was a significant
difference among age groups for both IQ groups. Generally, as age
increased, VE decreased.

There was a significant difference in the VE performance of
the retarded and nonretarded subjects. However, post hoc analyses
revealed a significant difference between the IQ groups only for the
7-8 year olds, 9-10 year olds, and 17-20 year olds. There was no
significant difference in the CE scores of the two groups for any
age category.

The Spearman rank correlation procedure used for determining

the extent of relationship between median reaction time scores and
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the absolute value of median CE scores revealed only one significant
relationship for any age category in either of the two IQ groups and
that was for the nonretarded 17-20 year olds. Although not signifi-
cant at the .05 level, a large negative cofre]ation (-.62) was foundb
for the 9-10 year old category.

Although the results of this study may not have immediate
practical application, the findings should be useful in the design of
future training studies or in design of studies which investigate age
differences between the variables: (a) reaction time and (b)

coincidence anticipation.

Conclusions
It is acknowledged that with a sample size of eight, caution
must be used in drawing conclusions. However, it should be noted
that in the present study 91 percent of the cases reported to be
significant at the .05 alpha level were also significant at the
.025 alpha level. The following conclusions have been made in 1light
of the results from analysis of data in this study.
1. For both the retarded and nonretarded samples, reaction
time decreased as age increasded. The most substantial
decrease in reaction time scores occurred up to ages 13-
14.
2. For each IQ group: (a) retarded and (b) nonretarded,
VE decreased as a function of increasing age. Young
(7-8 years and 9-10 years) retarded children exhibited

more variability in performance than that of their
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nonretarded counterparts and than that of the older age

groups of both IQ groups.

3. Nonretarded individuals performed with faster reaction
times than did their retarded counterparts.

4. Individuals from the nonretarded sample exhibited a more
consistent coincidence anticipation performance than did
their retarded counterparts.

5. For thé>tasks used in the preseﬁt study there appears to
be 1ittle relationship of reaction time to coincidence
anticipation accuracy.

Recommendations

The following recommendations are made based on the results of

this study:

1. For future studies of this nature, larger sample sizes are
needed in order to permit broader inferences to be made
based on the results.

2. For further examination of these two moPor components
(i.e., reaction time and coincidence anticipation) in
which the identical tasks are used, modification of the
type of response should be made. Both of the tasks need
to have either a key depress or a key release response.

3. Further investigation is necessary before conclusions can

be made concerning the exact nature of the relationship
between an individual's reaction time and his ability to

perform with accuracy on coincidence anticipation tasks.
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APPENDIX A



Dear Parent:

Your child has an opportunity to participate in a project
which will be conducted this school year at his/her school. My name
is Margaret Wooddy, and I am a doctoral student at The University of
Tennessee, in the Division of Physical Education. I hope that I can
find out some things about certain physical skills that a person
could use every day. The relationship between physical skills may be
important in teaching physical education. The results of this pro-
ject could provide help in teaching physical education to children
and adults who have special needs.

I will look at these physical skills by observing the perform-
ance of the person during two different activities. I will make sure
that the activity is clearly explained and that the child has an
opportunity to ask any questions he/she wishes to ask. The activities
will not be competitive, and there will be no pressure placed upon
the child to finish the activities if he/she wishes to stop.

I have talked with the school principal about this project.
He/She agrees that this type of activity should be studied. He/She
and I have worked out a schedule in which all of the activities will
be done in the school building and during school hours. This will
not interfere with the plans of the teachers.

If you decide to let your child participate in these
activities, please sign the permission form which is attached to this
letter, and return the permission form to your child's teacher. I
appreciate the time that you have taken to read this letter. If you
have any questions, please feel free to contact me. The telephone
numbers are listed below my name.

Sincerely yours,

Margaret E. Wooddy
Project Director

The University of Tennessee, Division of Physical Education

Knoxville, Tennessee 37996-2700
974-5111 or 521-6614
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Parental Permission for Participation
I give my permission for to par-

ticipate in the reaction time and object interception project of
Margaret Wooddy which was described in her Tetter.

I understand that my child's participation in these two
activities will be over a period of two days for approximately
15 minutes each day.

ACTIVITY ONE

The person will sit in a chair so that he/she can
watch lights which will Tight up one after another. The
person will press a button when he/she thinks the last
light will Tight up.

ACTIVITY TWO

The person will sit in a chair and watch a small
box which has a light bulb on top of it. When the light
comes on, the person will press a button as fast as he/she
can.

I understand that my child's name will not be included in any
type of report. Any individual score or information which is col-
lected will be kept confidential. I understand that I may withdraw
my child from the project at any time without being penalized. My
child may withdraw himself/herself from the project at any time,
without being penalized.

I agree to allow the director of the project, Margaret Wooddy,
to have the following information:

1. Chronological age

2. Handicapping condition

Participant's name:

Participant's age: Birthdate:

Signature of parent/guardian:

Date:

Project Director: Margaret E. Wooddy
University of Tennessee, Division of Physical Education
974-5111 or 521-6614
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TABLE C.V.

[y
ok

Median Reaction Time, Median Constant Error, and Variable Error
Scores for A1l Subjects

S RT VE CE S RT VE CE
01 .3820 .05187 +.0810 41 1.1135 .91967  +.2975
02 .4655 .33627 +.1180 42  1.8490 .26934  +.3390
03 .3960 .08271 +.1090 43 1.0915 .14339  +.1790
04 .3950 .04583 +.0810 44 0.3780 .10646  -.1180
05 .5625 .12498 +.1305 45 0.5215 .38866  -.0495
06 .3755 .06400 +.0580 46  0.5555 .32253  +.1630
07 .3825 .06409 +.0660 47  0.6295 .13199  +4/1790
08 .3565 .15530 +.0310 48 0.5370 .50240  +.0335
09 .3680 .04493 +.0660 49  0.7550 .13665  +.3085
10 .3355 .03859  +.0455 50  .5055 .47315  +.2195
11 .3295 .05388 +.0385 51 0.4740 .04572  +.0365
12 .4030 .09239 +.1210 52 0.4500 .27621  -.0095
13 .3065 .03070  +.0330 53 0.5585 .29085  +.2285
14,2795 .10070 -.0015 54  0.4405 .13693  -.0450
15 .3875 .11924  +.1085 55 0.7455 45763  +.2505
16 .3450 .04845 +.0510 56  0.4875 .15499  +.1695
17 .4210 .04549  +.0945 57 0.3400 .09831  -.0315
18 .3305 .04487 +.0665 58 1.1280 27154 +.2650
19  .3040 .02929  +.0585 59 0.6075 .01870  +.2035
20 .2945 .05990 +.0085 60 0.3230 .04142  -.1840
21  .3235 .09788 +.0615 61 0.5995 .07896  +.1875
22 .2810 .03417 +.0060 62 0.4870 .26476  +.1750
23 .2800 .05655 -.0015 63 0.3875 .04393  +.0415
24  .2985 .05194 +.0540 64 0.4640 .51554  +.0715
25 .3325 .06187 +.0730 65 0.3360 .05404  -.0025
26 .3270 .03791 +.0195 66 0.3420 .11902  +.0550
27 .3190 .03829 +.0140 67 0.2990 .02938 -.1295
28 .2990 .04261 -.0390 68 0.3970 .11735  +.1640
29  .3545 .05190 +.1040 69 0.3155 .08597  -.0260
30 .3280 .04495 +.0505 70 0.3900 .03223  +.0985
31  .3485 .02653  +.0935 71 0.3735 .05217  +.0965
32 .3050 .03768 -.0300 72 0.4455 .12874  +.1885

~No



TABLE C.V. (Continued)

S RT VE CE S RT VE CE

33 .3215 .02594  +.1285 73 0.3050 .08583  +.0475
34 .2835 .03202  +.0485 74 0.3675 .04338  +.1325
35 .2510 .02370 +.0290 75 0.2880 .09377  +.0255
36 .2775 .02993 +.0100 76 0.3550 .07200 +.0885
37 .2975 .02555 +.0870 77 0.3040 .08728  +.0420
38 .2865 .01853  +.0605 78 0.2410 .02977  -.0480
39 .2915 .05212 +.0760 79  0.3305 .07193  +.0860
40 .2475 .03709 +.0090 80 0.3185 .04665 +.0490




APPENDIX D



The Subject's View of Reaction Time Task Apparatus
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Coincidence Anticipation Task Apparatus

éubject's View of Coincidence Anticipatibn Task Apparatus




VITA

Margaret Ellen Wooddy was born in Ripley, Mississippi on
November 1, 1951. She attended elementary and secondary schools in
Texas and was graduated from 0. D. Wyatt High School in Fort Worth,
Texas in June 1970. The following August she entered Baylor
University, and in May 1974 she received a Bachelor of Science
degree in Health, Physical Education, and Recreation. In the fall
of 1974 she began teaching in the Waco Independent School District
of Waco, Texas.

After teaching one year in junior high school, she accepted a
graduate assistantship in athletics at Baylor University and re-
ceived a Master of Science degree in Physical Education in August
1975. In August of that same year she accepted a teaching and
coaching position at Baylor University. In 1980 she was granted a
Teave of absence from Baylor University to pursue a doctoral degree,
and entered The University of Tennessee, Knoxville, in the fall of
1980.

She received the Doctor of Philosophy degree with a major in
Education in August 1983, and returned to Baylor University as

assistant professor to teach in the physical education department.

117



