“ LI BRARI ES University of Alabama at Birmingham

UAB Digital Commons

The University of Alabama at Birmingham

All ETDs from UAB UAB Theses & Dissertations

1999

Declarative and nondeclarative memory systems and the
acquisition, retention, and transfer of a fine motor skill.

Richard Edison Beth
University of Alabama at Birmingham

Follow this and additional works at: https://digitalcommons.library.uab.edu/etd-collection

Recommended Citation

Beth, Richard Edison, "Declarative and nondeclarative memory systems and the acquisition, retention, and
transfer of a fine motor skill." (1999). All ETDs from UAB. 6353.
https://digitalcommons.library.uab.edu/etd-collection/6353

This content has been accepted for inclusion by an authorized administrator of the UAB Digital Commons, and is
provided as a free open access item. All inquiries regarding this item or the UAB Digital Commons should be
directed to the UAB Libraries Office of Scholarly Communication.


https://digitalcommons.library.uab.edu/
https://digitalcommons.library.uab.edu/etd-collection
https://digitalcommons.library.uab.edu/etd
https://digitalcommons.library.uab.edu/etd-collection?utm_source=digitalcommons.library.uab.edu%2Fetd-collection%2F6353&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.library.uab.edu/etd-collection/6353?utm_source=digitalcommons.library.uab.edu%2Fetd-collection%2F6353&utm_medium=PDF&utm_campaign=PDFCoverPages
https://library.uab.edu/office-of-scholarly-communication/contact-osc

INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films the
text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bieedthrough, substandard margins, and improper alignment
can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript and
there are missing pages, these will be noted. Also, if unauthorized copyright
material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by sectioning
the original, beginning at the upper left-hand comer and continuing from left to
right in equal sections with small overlaps. Each original is also photographed in
one exposure and is included in reduced form at the back of the book.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white photographic
prints are available for any photographs or illustrations appearing in this copy for
an additional charge. Contact UMI directly to order.

®

UMI

Bell & Howell Information and Leaming
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DECLARATIVE AND NONDECLARATIVE MEMORY SYSTEMS AND THE
ACQUISITION, RETENTION, AND TRANSFER OF A FINE MOTOR SKILL

by

RICHARD E. BETH

A DISSERTATION

Submitted to the graduate faculty of the University of Alabama at Birmingham, in
partial fulfillment of the requirements for the degree of Doctor of Philosophy

BIRMINGHAM, ALABAMA

1999

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UMI Number: 99466839

UMI Microform 9946699
Copyright 1999, by UMI Company. All rights reserved.

This microform edition is protected against unauthorized
copying under Title 17, United States Code.

UMI

300 North Zeeb Road
Ann Arbor, MI 48103

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ABSTRACT OF DISSERTATION
GRADUATE SCHOOL, UNIVERSITY OF ALABAMA AT BIRMINGHAM

Degree Ph.D. Program Psychology

Name of Candidate = Richard E. Beth

Committee Chair Linda W. Duke

Title _Declarative and Nondeclarative Memory Systems and the Acquisition, Retention,

and Transfer of a Fine Motor Skill

This study examined motor learning on two rotary pursuit tasks in 80 young
adults. Subjects were randomly assigned to either a Simple Task or Complex Task group.
Subjects practiced under either constant speed, variable speed, variable rotation training
conditions, or were assigned as no training controls. Acquisition was assessed through a
trend analysis of training trials. Retention and transfer were assessed by comparing each
experimental group’s performance after training to a no-training control group’s
performance on three tasks before and after training. This study: (a) evaluated motor
schema formation under conditions in which task demands and training conditions
simulated a motor skill continuum of perceptual-motor complexity, from simple to
complex, and a memory continuum encompassing both nondeclarative and declarative
memory processes, (b) considered the broad question of how Schmidt’s (1975, 1988)
schema theory and Magill and Hall’s (1990) explanation of the contextual interference
effect of motor learning relate and interact when the amount of variable training is held
constant and when the variable training experiences are within the same or different motor

programs; and (c) incorporated Magill and Hall’s (1990) contextual interference
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hypothesis and Schmidt’s (1975, 1988) schema theory on the effect of practice
conditions on motor skill learning into Squire’s (1994) notion that many skill learning
paradigms give rise to both nondeclarative and declarative knowledge. Consistent with
Magill and Hall’s (1990) hypothesis, results indicated that between-motor practice
conditions promoted higher levels of contextual interference, resulting in significantly
better transfer performance than within-motor practice conditions. Evidence suggested
motor skill learning, engaging either procedural or declarative memory systems, occurs as
schemata are formed which integrate the perceptual-motor response over time and/or
training trials. Procedural schemata are formed when the perceptual-motor response
required by both task and training conditions remains relatively invariant. The more
variable the context for each occasion of practice and the more contextual interference that
is present across training trials, the more training will engage declarative rather than
procedural memory processes. It seems likely that variability in sensory-perceptual
context and variability in between-motor response lead to optimal motor schemata

formation.
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DEDICATION
To my wife, Cathy, and children, Wallis, Brittany, and Warren, for their unending

love and support through my graduate school years.

iv

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ACKNOWLEDGMENTS

This project required the help of a number of individuals who made major contri-
butions to my understanding of memory systems and the completion of this work.
Thanks are given to Dan Marson for his help in the development of my dissertation
project and to Linda Duke for her strong support, guidance, and thought-provoking
questions during the development of this project and throughout my years of graduate
study. I would also like to express my special thanks the other members of my disserta-
tion committee, Drs. Rickert, Pegram, and Mennemeier, for the generous donation of their
time. In addition, I want to acknowledge two very special individuals who helped me with
their early guidance and support in my quest to become a psychologist, Malcolm Dick
and Mary Louise Kean. Finally, I would like to give the most special thanks to my wife
and three children, without whose love, generosity, and support this entire project would

not have been achieved.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

Page
ABSTRACGT ..o ettt et il
DEDICATION ...ttt et iv
ACKNOWLEDGMENTS........ooiiimiiiiieee et e \Z
LISTOF TABLES .........co oottt s viii
LIST OF FIGURES .........ooiiiit ettt ix
CHAPTER
I INTRODUCTION ..ottt ettt e 1
MOtor SKillS ..........oovoiiieiiie e 1
Memory SyStems...........ccocoovviiiiiieiie e 2
Memory Systems and Motor Research..........................oooo 5
Rotary Pursuit and Procedural Memory Processes....................cc.ccocoooo.... 6
Rotary Pursuit and Declarative Memory Processes.................................... 6
The Contribution of Declarative Memory to Motor
Schema Formation...............cocooooiiiiii e 8
Reconciling the Contextual Interference Effect and
Schema Theory..........cccooiviiiiiii e 11
Goals of the Present Study .................ooocooiiiiiiiieeeeeeeee e 14
Specific Aims and Hypotheses...................coocooieiieiiiieeee e 16
Aim 1 hypotheses................ooooiiiioiiiiieceeeeeeceeecee e 16
AIm 2 hypotheses................oocooiiiiiiiii e, 17
Aim 3 hypotheses...............ocooooiiiiiiii 17
2 METHODS. ...ttt et e 19
SUDJECES ...ttt ettt ettt st ee s es e 19
DESIZN........ooiimiit ettt e 21
Experimental Task and Procedure..................ccoooooooiiiiiiicc, 23

vi

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS (Continued)

Page
3 RESULTS ...t 28
Data Analysis..............c.coooooiiiiiiie e 28
BaSErate.........c.ocooviiiiiiiiiieiie e 32
ACQUISIEION...........ooviiiiiiieieie ettt 32
RELeNtION ... e, 34
Same Stimulus Transfer.....................cocooooo i 42
Novel Stimulus Transfer.....................c.occooooiiiiiiiiee e, 47
Interindividual Differences...................c.ocooooiiiiiiiiiii e, 54
4 DISCUSSION ...t et 56

A Memory Continuum in Motor Skill Learning: How Task
Demands and Training Conditions Contribute To Its Formation............... 57

Schmidt’s Schema Theory and the Contextual
Interference Hypothesis................c..cooooooviiiiiiiiieeeceeeeeeeeeeeeeee 59
Memory Systems and the Formation of Motor Schemata......................... 60
REFERENCGES ..........oooiitiitiiiiet e et 63
APPENDIX: IRB APPROVAL ..........ooimiiiiiiiceeeeeeeeeee et 68
vii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF TABLES

Table Page
1 Demographic and Psychomeiric Characteristics of the Sample......................... 20
2 Rotary Pursuit Acquisition and Transfer Descriptive Data: Mean
Speed of Rotation and Mean Time on Target (TOT)......................cl 29
3 Rotary Pursuit Acquisition and Transfer Descriptive Data. Mean Skill
Development (NOLU/TOT)........cocooiiiiiiii e 31
viii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10

11

LIST OF FIGURES

re Page
Group X Type of Training acquisition trials 1 to 40 with trials blocked
DY L0 e 33
Retention: Mean difference score TOT pretest to delay for the
complex task group X type of training at TBR ......................ccocoovvveneii, 37
Retention: Mean difference score TOT pretest to delay for the simple
task group X type of training at TBR.........................cccooeivinninreeeee 38
Retention: Mean difference score skill development (NOI/TOT) at
TBR collapsed across Sroup ..............c.ocoeveveeeiiiiiiiieieeeeeceeeeeeeeeeeeee e, 4]
Same stimulus transfer: Mean difference score TOT at SST collapsed
BCTOSS BIOUP ....oviiiiiiiiiii ittt ettt ettt et e et eae e et e et e e s e tae et e s aeeesaeeenee s 43
Same stimulus transfer: Mean difference score skill development
(NOUTOT) at SST for the complex task group..............ccococooeveeeeeeveeeeeen, 45
Same stimulus transfer: Mean difference score skill development
(NOI/TOT) at SST for the simple task group ................ocoooeeivvvveeeiee ., 46
Novel stimulus transfer: Mean difference score TOT pretest to delay
for the complex task group X type of training at NST....................ocooovrriin.n. 49
Novel stimulus transfer: Mean difference score TOT pretest to delay
for the simple task group X type of training at NST................ococoovoiiiiin., 50
Novel stimulus transfer: Mean difference score skill development
(NOI/TOT) at NST for the complex task group..............occocooveveoeeeeeeeie . 52
Novel stimulus transfer: Mean difference score skill development
(NOI/TOT) at NST for the simple task group.............ccooovvveeeeeeeeeeeen, 53

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 1
INTRODUCTION
Motor Skills

To meet the demands placed on an individual by the environment, a person must
acquire and efficiently perform numerous motor skills that allow for the accomplishment
of functional tasks. Walking, manipulating tools, and operating various kinds of equip-
ment are all essential to daily living, whereas recreational activities such as skiing, tennis,
or baseball enhance an individual’s daily existence. Highly skilled movement will naturally
lead to more successful performance of a specific motor skill. Thus, it is incumbent upon
researchers and teachers to develop effective training methods for motor skills. To ac-
complish this goal, it is essential to understand the process of motor skill acquisition and
transfer.

Until recently, one of the most neglected types of learning was that of the acquisi-
tion, retention, and transfer of motor skills. Early research (Lanier, 1934; Lincoln &
Smith, 1951; Lordhal & Archer, 1958; Namikas & Archer, 1960) suggested that if a motor
task is to be performed at a certain speed, it should be practiced at that speed, to facilitate
learning of the task. On a rotary pursuit task, Lordhal and Archer (1958) and Namikas

and Archer (1960) reported that substantial negative transfer occurred with a change in
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target speed, and transferring to the same speed gave the best results. More recent re-
search, Schmidt’s {1975, 1988) schema theory and the contextual interference effect as
applied to motor learning (Battig, 1972, 1979; Magill & Hall, 1990, Shea & Morgan,
1979, Shea & Zimny, 1983), challenged and contradicted the evidence of these early
investigators. These investigators suggested that variable practice conditions lead to
positive transfer, whereas the early investigators (Lordhal & Archer, 1958; Namikas &
Archer, 1960) found constant practice best facilitated transfer of 2 motor skill. The
current study attempted to understand and reconcile previous research in terms of motor
schema formation and the schemata’s potential interdependence with memory systems.
It assumed that all training will lead to the formation of motor schemata. However,
increasing or decreasing the complexity of environmental, sensory, and perceptual-motor
demands may differentially engage procedural and declarative memory systems within the
skill learning paradigm. It is likely that when task demands remain simple, procedural
memory is engaged, and the resultant motor schema is relatively inflexible and will evi-
dence limited ability to generalize learning to a novel task. However, increasing the
complexity of the task by expanding sensory-motor variation both within and across
learning trials might engage declarative memory and stimulate the formation of the most

flexible motor schemata.

Memory Systems

Current memory researchers (Eichenbaum, 1994; Nadel, 1994; O'Keefe & Nadel,

1978; Schacter & Tulving, 1994; Squire, 1994; Squire & Zola-Morgan, 1988; Sutherland &
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Rudy, 1989) now posit theories of multiple memory systems, functioning under two
subsystems in which some forms of learning are hypothesized to be critically dependent
on the hippocampus and related structures and other forms of learning are not.

The hippocampal-dependent and hippocampal-independent systems have been
labeled by various terms including explicit and implicit (Schacter, 1987), declarative and
procedural (Cohen & Squire, 1980), declarative and nondeclarative (Squire & Zola-
Morgan, 1988), configural associations and simple associations (Sutherland & Rudy,
1989), relational learning and nonrelational learning (Cohen & Eichenbaum, 1991), and
locale and taxon (O'Keefe & Nadel, 1978) memory systems. Regardless of termi-nology,
hippocampal-dependent memory, henceforth referred to as declarative memory, is
considered to involve overt reference to a previous learning experience and conscious
recollection of some previous experience (Schacter, 1987; Schacter & Tulving, 1994). It is
fast, flexible, and available to multiple response systems (Squire, 1994). The hippocam-
pus is necessary for the rapid acquisition of relational, configural, or declarative informa-
tion (Cave & Squire, 1991). Declarative memory is generally assessed through tests of
recall and recognition.

Hippocampal-independent, procedural, or nondeclarative memory is revealed
when information acquired from previous experience facilitates or alters subsequent
performance on a task. Squire (1994) asserted that nondeclarative memory is noncon-
scious and less flexible, providing limited access to response systems not involved in the

original learning. An example of such learning is when performance of a motor skill, such
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as rotary pursuit, is facilitated by practicing this skill (Schacter, Chiu, & Ochsner, 1993;
Schacter & Tulving, 1994).

Limbic structures in the mcdial temporal lobe and related diencephalic and basal
forebrain structures are thought to be essential for declarative memory (Nadel, 1994,
Squire, 1994; Zola-Morgan & Squire, 1993). Nondeclarative memory is hypothesized to
embrace several kinds of memory and may depend on multiple brain systems (Squire,
1994; Nadel, 1994). An example of one such brain system is motor memory. A recent
positron emission tomography (PET) study examined neural brain regions activated when
normal right-handed subjects performed rotary pursuit across a number of trials. Grafton
et al. (1992) found that motor execution was associated with cortical, striatonigral, and
cerebellar activation. Rotary pursuit learning was linked with increasing activation of the
primary motor cortex, the left supplemental motor area, and the left pulvinar of the
thalamus.

As described, the declarative and nondeclarative memory systems appear to be
discrete and independent systems where a specific task operates within a distinct system.
For instance, free recall is often referred to as an episodic or declarative memory task, and
rotary pursuit learning as a procedural or nondeclarative task. However, performance of a
particular task does not necessarily rely exclusively on the output of a single system.
Squire (1994, p.205) asserted that many skill-learning paradigms give rise to both declara-
tive and nondeclarative knowledge: "Some tasks tap primarily what has been acquired
declaratively; some tap nondeclarative knowledge; still other tasks measure the contribu-

tion of both declarative and nondeclarative knowledge."
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Memory Systems and Motor Research

The study of learning and memory for motor skills is generally investigated and
understood in terms of procedural or nondeclarative learning. However motor skills range
from simple reflex behavior to complex perceptual-motor tasks that require sensory
integration, memory processes, motor integration, and feedback of relational information
during acquisition and later performance of the skill. The hippocampal-dependent or
declarative memory system is likely required in complex motor tasks to encode relational
representations into unique combinations of inputs defining relational units. These
relational representations then allow the individual to use simple stimuli flexibly, both
within and between specific units of stimuli (Shapiro & Olton, 1994). Given the assumed
dichotomies of the memory system and the appearance that motor skill learning results
under conditions suggesting a continuum of perceptual-motor complexity from simple to
complex skills, the current research hypothesized that skill learning needed to be repre-
sented in memory along a similar continuum encompassing both nondeclarative and
declarative memory systems. It is not clearly the case that motor skill learning would only
use some nonconscious system, which is not hippocampal mediated, rather than engaging
a system that involves processing by the hippocampus. It is possible that motor skills are
represented, more or less, in both memory systems depending upon the perceptual-motor
demands of the task. This study investigated a learning paradigm on rotary pursuit that
employed both a simple and complex perceptual-rhotor stimulus to simulate conditions of
a motor continuum and then assessed the potential contribution of procedural and declara-

tive learning to the acquisition and transfer of a fine motor.
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Rotary Pursuit and Procedural Memory Processes

Rotary pursuit learning (circuiar “simple” stimulus) under training conditions of
both constant and variable speed practice is procedural in nature. Many researchers
(Dick, Nielson, Beth, Shankle, & Cotman, 1995, Eslinger & Damasio, 1986; Heindel,
Butters, & Salmon, 1988; Heindel, Salmon, Shults, Walicke, & Butters, 1989; Schacter et
al., 1993; Schacter & Tulving, 1994; Squire, 1994) agreed that training under constant
practice conditions will lead to increased motor performance on a circular rotary pursuit
apparatus and cited such learning as an example of procedural or nondeclarative memory
processes. Beth, Duke, Marson, and Rickert (1998) studied motor learning on rotary
pursuit in young adults, elderly adults, and Alzheimer’s disease patients. They argued
that learning the circular rotary pursuit under conditions of variable speed training was
also an example of procedural or nondeclarative memory processes. Their data and inter-
individual differences on MMSE, Grooved Pegboard Test, and Finger Oscillation Test
from the Halstead-Reitan Battery suggested that this motor task required little or no
hippocampal processing. On a memory continuum from nondeclarative to declarative
knowledge, it appeared that the simple stimulus rotary pursuit was primarily assessing

noncoziscious and less flexible procedural memory.

Rotary Pursuit and Declarative Memory Processes

In the current study, changing the pattern of rotation on rotary pursuit from a
simple (circular) to a “complex” (triangular) stimulus was hypothesized to change the

nature of this motor skill from a procedural to a declarative memory task. A review of the
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literature showed that the triangular pattern of rotation is more difficult (Jensen, 1975,
1976) And requires motor integration of multiple and compiex perceptual-motor stimuli
(Whitehurst & Del Rey, 1983). The perceived speed of rotation changes as the target
approaches and then recedes from the vertices of the stimulus pattern. It appears that the
target alternatively increases and then decreases its speed. Performance on this task
inherently involves comparisons between multiple stimuli and demands the integration of
compound perceptual, spatial, and motor stimuli.

Citing both animal and human studies with amnestics, Squire (1994) stated that
the hippocampal formation and related structures are specialized for rapidly forming
conjunctions between arbitrarily different stimuli. Declarative memory is adapted for the
rapid acquisition of relational information involving multiple stimuli. In animal models,
lesions of the hippocampus and related structures severely impaired spatial memory
tasks (Nadel, 1994; O’Keefe & Nadel, 1978) including odor-discrimination tasks
(Eichenbaum, Fagan, Mathews, & Cohen, 1988), place learning tasks (Eichenbaum,
Stewart, & Morris, 1990), timing tasks (Meck, Church, & Olton, 1984), and some tasks
of configural memory (Rudy & Sutherland, 1994, 1995). In humans, explicit memories of
an episodic nature (Sciiacter & Tulving, 1994) consist of multifeature representations of
various kinds including spatial, temporal, and contextual information. The acquisition of
explicit memories depends on the integrity of the medial-temporal lobes (Schacter &
Tulving, 1994). On rotary pursuit, motor learning of this complex task was hypothesized

to involve the utilization of the declarative memory system because the triangular pattern
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of rotation required the rapid acquisition of relational information involving multiple and

complex perceptual-motor stimuli.

The Contribution of Declarative Memory to Motor Schema Formation

The formation of motor schemata requires the capacity to manage, integrate, and
store relational data. The successful encoding of this information thus involves processing
of the declarative memory system. Theories of motor learning (Schmidt, 1975, 1988),
which are based on research with children and healthy young adults, suggest that the type
of practice an individual received while performing a motor task played an important role
in learning. These theories assume that practice under a wide variety of conditions gener-
ally leads to better retention and transfer in normal adults than practice of a task under
identical or constant conditions. This ability to acquire a task through varied practice
suggests the learner is forming a schema, an abstract set of rules which can be applied to
successfully achieve the goal movement even when task demands change or are novel. To
benefit learning, practice should involve variations within the same class or group of
movements.

According to Schmidt, movements within the same class are governed by a gener-
alized motor program. Schmidt's (1975) model asserted that motor skills are learned and
that experience is deposited in memory structures called motor schemata. Schmidt (1975)
recognized two motor schemata, the recognition schema (controlling the ongoing
response) and the recall schema (initiating the response). In the recall schema, the execu-

tion of the movements is not an exact reproduction of earlier training, but a fresh
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construction of a constantly refined schema. Thus, variable training in the initial practice
of a task enables the individual to develop a more environmentally valid schema that
should allow successful transfer to novel situations not encountered in the initia! learning
condition. According to Schmidt (1975, 1988), this schema formation depends on the
capacity to process, integrate, and store information about motor movement. A schema is
based on knowledge about the (a) initial task conditions, (b) actual execution of the
movement (e.g., sensory consequences of movement), (c) potential parameters of the
movement (e.g., speed, direction, force), and (d) success of the response. In the current
study, the ability to successfully encode and integrate the multiple stimuli containing this
type of information was hypothesized to involve processing of the declarative memory
system. Subsequent researchers have proposed alternative hypotheses to explain why
variable practice enhances schema formation. Shea and Morgan (1979) and Shea and
Zimny (1983) incorporated Battig’s (1972, 1979) concept of the contextual interference
effect into theories of motor learning. According to Battig’s (1979) interpretation, contex-
tual interference results from closely associated changes across trials in the experimental
and processing contexts. Battig asserted that contextual interference is a major determi-
nant for the use of multiple processing stiategies by individual subjects. He argued that
the entire learning or training context, including the task, practice schedule, and cognitive
processing of the learner, were all potential sources of contextual interference that might
lead to inferior performance during acquisition but are likely contribute to enhanced
retention and transfer of the learned material. Shea and Morgan (1979) and Shea and

Zimny (1983) proposed that contextual interference caused by random (nonrepetitive)
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practice rather than blocked practice led to a better appraisal of movements, thus facili-
tating schema formation. In their interpretation of Battig's conceptualization, contextual
interferencc facilitated delayed retention of the motor skill and transfcr to a novel motor
task. Shea and Morgan (1979) and Shea and Zimny (1983) hypothesized that subjects
who performed tasks with high levels of contextual interference compared with subijects
who performed tasks involving low levels of contextual interference were forced to use
multiple processing strategies, and this variability produced a more elaborate and distinc-
tive processing of the material to be learned.

Magill and Hall (1990) asked why the contextual interference effect occurred, and
they asserted that the effect has its roots in cognitive processing operations (Gabriele,
Hall, & Lee, 1989; Lee & Magill, 1983, 1985; Shea & Morgan, 1979; Shea & Zimny,
1983, 1988). Magill and Hall (1990) argued that conditions of high contextual interference
during practice encouraged learners to employ multiple and variable processing strategies
in working memory, thereby allowing greater encoding activity in terms of within- and
between-skill characteristics and relationships. The authors supported this view of the
contextual interference effect with research in which explicit memory tests were evaluated
(Shea & Morgan, 1979; Shea & Zimny, 1983, 1988). These studies suggested that sub-
jects trained in random practice conditions engage in a number of different strategies and
made multiple comparisons between tasks to aid learning during practice. Magill and Hall
(1990) posited that the various tasks being practiced resided in working memory and
could therefore be compared and contrasted. The cognitive processing of these multiple

stimuli in working memory led to a more distinctive and elaborate representation of the
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task. Schacter (1987) and Schacter and Tulving (1594) theorized that processing in
working memory is a function of the explicit or declarative (Cohen & Squire, 1980, Squire,
1994) memory system.

Schema theory and the contextual interference hypothesis both assume that motor
schema formation involve processes that must manage, store, and integrate multiple
sensory and perceptual-motor cues both within and across trials. Complex and elaborate
cognitive processing leads to the formation of motor schema. Arguably, the processing of

these multiple motor stimuli falls within the domain of declarative memory.

Reconciling the Contextual Interference Effect and Schema Theory

The schema theory of motor learning (Schmidt, 1975, 1988) and the contextual
interference hypothesis (Battig, 1972), as interpreted by Shea and Morgan (1979) and
Shea and Zimny (1983), both attempted to account for motor schema formation. Both are
likely to require access to the declarative memory system if variable practice conditions
are to successfully generalize to a novel transfer situation.

Schema theory assumes that motor schemata are created as a consequence of vari-
able practice conditions that are parameter modifications (e.g., speed, spatial configura-
tion) of the same motor program (Schmidt, 1975, 1988). However, Magill and Hall (1990)
argued that practice schedule manipulations were not sufficient to produce the contextual
interference effect when the practiced variations of a skill involve only motor program
parameter modifications. Thus, conditions of high contextual interference are induced only

when variations of the skill are controlled by different motor programs. Such conditions
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can occur by restructuring essential composite features of a task, such as the order of
events a subject must perform to learn a particular motor task. For instance, on rotary
pursuit, alternatively reversing the direction that the target rotated is a variation of the
skill controlled by a different motor program.

Magill and Hall (1990) found support for their modification of the contextual
interference effect hypothesis in a number of experiments that varied only parameter
estimates during practice. When the overall speed parameter was modified in experiments
(Lee, Wulf, & Schmidt, 1989, 1992), when overall force was varied (Pigott & Shapiro,
1984), or when five different speeds on rotary pursuit were practiced (Whitehurst & Del
Rey, 1983), blocked (low contextual interference) rather than random (high contextual
interference) practice schedules did not produce the contextual interference effect (i.e.,
improved delayed retention and transfer to a novel motor task). However, an experiment
performed by Wood and Ging (1991) directly compared different levels of similarity in a
task where subjects practiced moving their arm as fast as possible through a multi-
segment movement pattern. Subjects performing “high similarity” variations of a task
(within-motor program) did not evidence the contextual interference effect, whereas
subjects performing “low similarity” variations of a task (between-motor program)
showed the effect on novel transfer tasks.

Magill and Hall (1990) argued that the same practice schedule variations (variable
practice) produced different retention and transfer effects depending upon whether the
practiced variations were from the same or different motor programs. Magill and Hall

(1990) had to reconcile this modification of the contextual interference effect with the
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observations of Shea and Morgan (1979) and Shea and Zimny (1983). Magill and Hall
(1990) ovserved that Battig (1972) noted that the degree of the contextual interference
effect could also be a function of task difficuity or complexity, where more complexity
led to greater amounts of contextual interference. Thus, they argued that between-motor
program variations were a more complex learning task than the within-motor program
variations and, so, created high levels of contextual interference.

Addressing this modification of the contextual interference effect, the current
investigation determined whether parameter modifications of the same motor program or
variations of the skill controlled by different motor programs led to motor schema forma-
tion. If Magill and Hall (1990) are correct in their interpretation of the contextual interfer-
ence effect, then modifying parameter specifications (within-motor program) by changing
tracking speed on rotary pursuit is a sufficiently easy task that randomizing speed would
lead only to “low levels of contextual interference” (Whitehurst & Del Rey, 1983). On the
other hand, restructuring essential composite features of the task by alternately reversing
the direction the target rotates would be a variation of the skill controlled by a different or
between-motor program, and would create a complex task likely to produce “high levels
of contextual interference” similar to those found by Wood and Ging (1991). Logic
suggested that, if Magill and Hall (1990) are correct in their explanation of motor schema
formation, manipulating practice schedules would differentially influence the learning of
skill variations controlled by different motor programs, showing greater transfer than the
learning of skill variations, which require parameter modifications of only one motor

program. That is, when stimulus variations require control by different motor programs,
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practice conditions inducing high contextual interference will yield more effective reten-
tion and transfer benefits than practice conditions that induce low levels of contextual

interference.

Goals of the Present Study

This study was designed to evaluate motor schema formation and transfer per-
formance under conditions in which task demands and training conditions simulated a
motor skill continuum of perceptual-motor complexity, from simple to complex, and a
memory continuum encompassing both nondeclarative and declarative memory pro-
cesses. In order to complete this evaluation of motor schema formation and reveal motor
schema’s potential interdependence with memory systems, two experimental group’s
(simple stimulus and complex stimulus) performance after training (constant speed,
variable speed, and variable rotation practice) were compared to a no-training control
group’s performance on two transfer tasks before and after training.

Magill and Hall (1990), Schmidt (1975, 1988), and Van Rossum (1990) all assert
that the critical issue in the research on schema formation and variation of practice is
generalization, and Schmidt (1975) noted that practice under variable conditions shouid
most benefit performance on new or “novel” situations rather than earlier encountered
ones. As noted earlier, there were two transfer tasks. One transfer task required the
subject to transfer to a faster speed, a parameter modification of the same motor program.
The second transfer task was to a novel stimulus that was controlled by a different motor

program. By employing two transfer variations, one controlled by the same motor
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program and the other controlled by a different motor program, this study was able to
consider the broad question of how schema theory and the contextual interference effect
relate and interact when the amount of variable training is held constant and when the
variable training experiences are within the same or a different motor program. More
specifically, this study attempted to determine whether constant speed (no contextual
interference), variable speed (low contextual interference), or variable direction of rotation
(high contextual interference) practice conditions facilitated schema formation for the
rotary pursuit skill. This study was designed to established whether parameter modifica-
tions (e.g., speed, spatial configuration) of the same motor program (Schmidt, 1975, 1988)
were sufficient to elicit motor skill transfer to a novel condition. Concurrently, these same
parameter modifications were hypothesized to create low levels of contextual interfer-
ence, whereas skill variation by a between-motor program was hypothesized to create
high levels of contextual interference. Strong support for Magill and Hall’s (1990) hy-
pothesis that the contextual interference effect prompts schema formation would be
found if conditions of higher contextual interference promoted significantly more transfer
to a novel condition than conditions inducing less contextual interference.

Magill and Hall’s (1990) contextual interference hypothesis and Schmidt’s (1975,
1988) schema theory on the effect of practice conditions on motor skill learning have also
been incorporated into Squire’s (1994) notion that many skill learning paradigms give rise
to both nondeclarative and declarative knowledge. The current study investigated this
continuum of two memory systems and motor representation within each memory

system. It was hypothesized that the product of motor skill learning is a schema regard-
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less of the motor task. The schema that are formed will integrate the perceptual-motor
responses over time or over training trials. Procedural memory is engaged when the motor
response is consistent and there is minimal variation during training. The resultant motor
schema is diminished and will likely show limited flexibility in generalizir:g learning to
novel tasks. Declarative memory is engaged by increasing task variability for each occa-
sion of practice. This variability may be induced through task demands, which require the
integration of multiple or complex perceptual-motor stimuli, or variability may be present
across practice conditions. The resultant schema is flexible and learning will generalize to

novel task conditions.

Specific Aims and Hypotheses

Aim 1 hypotheses. The assumption that procedural learning is relatively inflexible
and can only result under simple closely replicated learning conditions allowed for the
generation of the following hypotheses regarding the acquisition and transfer of a simple
motor skill.

Hypothesis 1a: All subjects who receive simple-task training will evidence in-
creasingly higher time on target (TOT) during acquisition with practice .

Hypothesis 1b: All simple-task experimental subjects will demonstrate significantly

higher TOT on retention trials after training than no-training control subjects.
Hypothesis 1c: Subjects trained under conditions of variable practice will not show
more positive transfer to a new task on the simple stimulus than subjects trained under

constant practice conditions.
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Hypothesis 1d: Subjects, irrespective of training conditions, will not show positive

transfer to the complex stimulus.

Aim 2 hypotheses. The recognition that declarative memory facilitates the integra-

tion of arbitrarily different stimuli and the rapid acquisition of relational information
involving these multiple stimuli allowed for the generation of the following hypotheses
regarding the acquisition and transfer of a complex motor skill.

Hypothesis 2a: All subjects who receive complex-stimulus training will evidence
increasingly higher TOT during acquisition with practice.

Hypothesis 2b: All complex-stimulus experimental subjects will demonstrate

significantly higher TOT on retention trials after training than no-training control subjects.
Hypothesis 2¢: Subjects trained under conditions of variable practice will show
significantly more positive transfer to a new task on the complex stimulus than subjects
trained under conditions of constant practice.
Hypothesis 2d: Subjects trained under conditions of variable practice will evidence
significantly more positive transfer to a novel task on the simple stimulus than subjects

trained under conditions of constant speed practice.

Aim 3 hypotheses. This proposal’s investigation of motor schemata formation
and its contrast of Schmidt’s schema theory to the contextual interference effect in the
same experiment allowed for the generation of the following hypotheses regarding the

formation of motor schemata.
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Hypothesis 3a: Subjects trained under conditions of variable rotation (between-
motor pregram) on the complex stimulus will demonstrate significantly more positive
transfer to a new task on the complex stimulus than subjects trained under variable speed
(within-motor program) practice conditions.

Hypothesis 3b: Subjects trained under variable rotation (between-motor program)

on the complex stimulus will evidence significantly more positive transfer to a novel task

on the simple stimulus than subjects trained under variable speed practice conditions.
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CHAPTER 2
METHODS
Subiects
Subjects selected for participation in the study were recruited from University of
Alabama at Birmingham undergraduate psychology students. Subject selection procedures
were approved by the Institutional Review Board for Human Use (see Appendix).
Subjects (a) did not have a history of major psychiatric iliness, chronic alcoholism, other
neurological disorders, or cognitive impairment and (b) were free of any physical impair-
ment that would interfere with participation in the motor activity. Health status was
assessed with a health status questionnaire. Fine motor ability was assessed using norma-
tive data for Grooved Pegboard Test and Finger Oscillation Test from the Halstead-Reitan
Battery. Cognitive status was assessed using normative data from two subscales from the
Wechsler Memory Scale-Revised (WMS-R), Verbal Paired Associates and Visual Paired
Associates; and the Shipley-Institute of Living Scale. The two memory tests assessed
.verbal and visual learning and retention. The Shipley-Institute of Living Scale assessed
intellectual ability. All participants served as subjects for course credit.
Eighty-six subjects were recruited, and eighty subjects (age: M =20.46, SD =

3.22; gender: male = 41, female = 39) were eligible participants in the study (see Table 1).

19
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All subjects were randomly assigned to either the “simple task™ or “complex task”
groups. Within each group, subjects were randomly assigned to one of four training

conditions.

Design

This experiment used a 2 Group X 4 Type of Training X (3 Test X 3 Stimulus)
mixed factorial design. The between-subject factors were Group and Type of Training.
The within-subject factors were Test and Stimulus.

The Group factor compared performance of the simple task and complex task
subjects. Subjects assigned to the simple group tracked a target on a circular patterned
stimulus with a hand-held stylus. Successful performance required coordination of
hand/eye movements to track the target on this simple and unchanging perceptual-motor
task. This fine motor skill was thought to primarily access the procedural (non-
declarative) memory system. Subjects assigned to the complex task group learned the
task on a triangularly patterned stimulus. Successful tracking performance required
coordination of hand/eye movements, comparisons between multiple perceptual stimuli;
and the integration ci compound perceptual, spatial, and motor stimuli. This fine motor
skill was thought to access the declarative memory system.

The Type of Training factor compared constant speed, variable speed, variable di-
rection of rotation practice, and no-training controls. The trainees assigned to the con-
stant-speed practice condition learned the task by receiving training at the same speed

across all training trials. Trainees assigned to the variable-speed practice condition learned
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the task by receiving training at each of four speeds presented in randomized fashion
across training. Variable speed was a training condition that modified a parameter (e.g.,
speed) of the same motor program, a within-in motor program (Schmidt, 1975, 1988)
variation in training. Trainees assigned to the variable-direction-of-rotation practice
condition learned the task by receiving randomized training in both a clockwise and
counter-clockwise pattern of rotation. Variable-rotation training, a between-motor pro-
gram (Magill & Hall, 1990), restructured the essential composite features of the task,
randomly reversing the order of events a subject must perform to learn the task. Trainees
assigned as control subjects received no training on a photoelectric rotary pursuit appara-
tus. An equal number of subjects (n = 10) were randomly assigned to each Group X
Type of Training condition.

The within-subject factor Test compared pretest, a measure made prior to any
training, and posttest. There were two posttests: short delay, a measure made 20 to 25
minutes after the completion of training, and long delay, a measure made 14 days after the
completion of training.

The within-subject factor Stimulus had three levels: (a) Retention at baserate
training speed (TBR) exunined the effect of training on rotary pursuit performance for
the same stimulus pattern (simple or complex task) at the subject’s assigned training
speed; (b) same stimulus transfer (SST) examined the effect of training on rotary pursuit
transfer to the same stimulus pattern (simple or complex task) at a faster speed; and (c)
novel stimulus transfer (NST) examined the effect of training on rotary pursuit transfer to

a novel stimulus pattern. SST is a transfer task in which the variation in speed is a pa-
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rameter modification. SST is a within-motor program transfer task. NST is a transfer task
in which the essential composite features of the task have changed. NST is a between-
motor program transfer task. For the simple-task group, NST was related to the triangular
stimulus pattern; and for the complex task group, NST was related to the circular stimu-
lus pattern.

This design allowed for the examination of whether training under constant speed,
variable speed, or variable rotation practice conditions would differentially effect motor
skill acquisition, retention, and transfer to similar and novel task conditions. Differential
transfer was deemed likely dependent on the relative contribution of procedural or
declarative knowledge required for performance of a specific transfer task. This investiga-
tion’s pre- and posttest design attempted to demonstrate the relative contribution of
procedural (nondeclarative) and declarative memory to the formation of flexible motor
schemata. Additionally, the design compared Schmidt’s (1975, 1988) schema theory to
the contextual interference hypothesis (Battig, 1972) as adapted by Shea and Morgan
(1979), Shea and Zimny (1983), and Magill and Hall (1990) to determine which theory

best accounted for motor schema formation.

Experimental Task and Procedure

The equipment employed in this experiment was a Lafayette photoelectric
rotary pursuit with a variable speed tracking device and timer. The subject used a hand-
held light-sensitive stylus to track a light source (target) that moved in a clockwise or

counter-clockwise direction. The pattern of the rotation was circular (simple task) or
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triangular (complex task) and all tasks were performed at speeds from 5 to 100 rpm. The
dependent measures--the time a subject kept the stylus on the light source (TOT), and
number of impulses (NOI), the number of times the stylus slipped off target--were
recorded across all trials.

Before meeting the experimenter, all subjects were randomly assigned to Group
and Type of Training. The experimenter administered a health status questionnaire and
decided eligibility for participation in the study. The experimenter then determined the
subject's baserate speed for each stimulus pattern (simple and complex tasks). Because
the turntable can be adjusted to rotate at different speeds, one can equate initial difficulty
level across all subjects, preventing floor and ceiling effects (see e.g., Butters, Heindel, &
Salmon, 1990; Heindel et al., 1988). The subject's baserate was determined by presenting
eight trials for each individual task, at speeds of 15, 30, 45, 60, 60, 45, 30, and 15 rpm.
The baserate was the mean of the two trial sets (up and down) in which the subject kept
the stylus on target approximately 25% of the time or 5 sec (see e.g., Butters et al., 1990;
Heindel et al., 1988). Baserate speed for the stimulus pattern employed during training
was designated BR. Baserate speed for the novel stimulus pattern was designated NBR.

The pretraining measures (TBR, SST, NST), consisting of six trials presented in
three blocks of two trials each, were randomly administered to all experimental subjects.
One block, TBR, was presented at the subject's BR for the stimulus pattern on which the
subject’s group received training. Two transfer blocks were presented: SST, where SST =

(BR +35% BR); and NST, where NST = (NBR + 35% NBR).
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After completing the pretest, initial cognitive tests were administered. All experi-
mental subjects were screened on the Grooved Pegboard Test, Finger Oscillation Test,
and two subscales of the WMS-R (Verbal Paired Associates | and Visual Paired Associ-
ates |). Additional cognitive testing was completed after the training session.

Control subjects were also administered before training measures and cognitive
tests; however, the order of administration was modified. After determining baserate
speed, control subjects were administered subscales ofthe WMS-R (Verbal Paired Associ-
ates | and Visual Paired Associates |). During a working 20-min delay (delay I), all control
subjects were administered the Grooved Pegboard Test, Finger Oscillation Test, and the
pretraining measures (TBR, SST, NST). During a second 20- to 25-min delay (delay II),
which followed the pretraining measures, all control subjects were administered the delay
subscales of the WMS-R (Verbal Paired Associates Il and Visual Paired Associates Il) and
the Shipley-Institute of Living Scale.

There was one training session for the experimental groups, which consisted of 40
trials (Beth et al. 1998; Dick et al., 1995) presented in eight blocks of five trials. There
was a 60-sec rest period between each block. During each trial, all subjects tracked the
photoelectric light source for 20 sec and then relaxed during a 20-sec intertrial interval (see
e.g., Butters et al., 1990, Heindel et al., 1988). In the constant-speed practice condition,
all training trials were administered at the subjects’ respective BR. In the vanable-speed
training condition, subjects received all 40 trials presented randomly at the subjects’
respective BR +/-(15% BR) and BR +/- (30% BR), such that within eight trials, each

speed was presented two times and no more than two speeds appeared in a hierarchical,
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ascending or descending, order. In the variable-rotation practice condition, all training
trials were randomly administered in both a clockwise and counter-clockwise direction at
the subject's respective BR. All practice trials were limited to this one training session.
The control group was not trained on either stimulus.

Immediately after the training session, cognitive testing was completed. All ex-
perimental subjects were administered the delay subscales of the WMS-R (Verbal Paired
Associates Il and Visual Paired Associates 1) and the Shipley-Institute of Living Scale. All
control subjects were administered this same baitery of cognitive tests following the
working delay I.

Posttests consisting of two trials presented at the subjects’ respective BR, SST,
and NST were randomly administered to all groups approximately 20 to 25 min (short
delay) and 14 days (long delay) after the last training trial. Control subjects received the
posttests after delay II and at 14 days. Acquisition of the rotary pursuit skill was as-
sessed using two different measures: an analysis of baserate time on target, each subject’s
time on target used to equate initial task difficulty level across all subjects, and improve-
ment in TOT across the 40 training trials. Rotary pursuit retention short-delay perform-
ance at TBR was assessed at the subjects’ respective BR and coinpared to performance
on the pretest. Long-delay TBR retention of the rotary pursuit skill was assessed at the
subjects’ respective BR and long-delay retention performance was compared to both
pretest and short-delay performance. Transfer was assessed at two levels: same stimuius
task and novel stimulus task transfer. SST transfer of the motor skill was assessed by

having subjects perform at their transfer speed on the trained stimulus pattern. NST
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transfer of the motor skill was assessed by having subjects perform at the novel stimulus
transfer speed. SST and NST transfer performance (short delay and long delay) were

compared to pretraining performance on the rotary pursuit apparatus.
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CHAPTER 3
RESULTS

Data_Analysis

The dependent variables for all pretraining, training, short-delay, and long-delay
trials were TOT, recorded in milliseconds, and skill development (NOI/TOT), recorded as
number of impulses (occurrences) of stylus leaving target as a function of the subjcct’s
TOT. For purposes of analysis, the mean of the two trials for each subject used to
determine baserate speed, and the mean of all 40 training trials were computed by taking
the mean TOT of the appropriate trials for each subject. Each subject's performance
under the within-subjects factors--pretraining at TBR, SST, NST; short-delay at TBR,
SST, NST; and long-delay at TBR, SST, NST performance--were assessed by taking the
mean TOT and NOI/TOT of the two trials for each task. Initial analyses revealed that the
difference between the two posttest TOT measures: short-delay and long-delay at TBR,
p =.133; SST, p = .159; and NST, p = .076 were not significant. For all subsequent
analyses, means of the two posttest measures, delay, were employed. Means for all
conditions are presented in Table 2 (TOT) and Table 3 (NOI/TOT). Interindividual
differences were examined with one-way ANOVA and correlational analyses of Group
with measures of neuropsychological functioning: WMS-R (Verbal Paired Associates and

Visual Paired Associates); Shipley-Institute of Living Scale; and from the Halstead-
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Rotary Pursuit Acquisition and Transfer Descriptive Data: Mean Skill Development

(NOI/TOT)
Group Sample means
Pretest Delay
TBR SST NST TBR SST NST
Simple task training
Constant speed
M 5.59 7.86 10.69 3.86 549 11.18
SD 1.45 1.79 1.73 0.94 1.70 224
Variable speed
M 5.82 7.31 1241 3.78 595 12.48
SD 0.71 1.06 0.61 0.64 0.91 1.53
Vanable rotation
M 441 579 11.11 3.06 462 11.10
SD 1.01 1.25 2.13 0.74 1.05 2.17
Controls
M 5.19 577 10.57 5.52 6.87 1165
SD 1.86 1.66 1.32 1.98 1.89 1.91
Complex task training
Constant speed
M 995 1097 7.22 793 1045 7.24
SD 2.21 2.02 2.09 2.25 2.85 1.61
Variable speed
M 1040 1292 7.41 874 10.99 7.12
SD 2.45 2.41 1.05 2.03 2.33 1.39
Variable rotation
M 10.88 1335 8.57 824 1089 5.53
SD 1.91 247 1.92 1.56 1.47 1.24
Controls
M 1041 1235 8.48 10.82 14.02 9.07
SD 1.99 2.06 3.07 1.90 2.76 3.05

Note. Simple task = subjects trained on circular task; Complex task = subjects trained on
triangular task; Constant speed = constant speed training conditions; Variable speed =
variable speed training conditions; Variable rotation = variable rotation training condi-

tions; TBR = baserate training NOI/TOT; SST = same stimulus transfer NOU/TOT; NST
= novel stimulus transfer NOI/TOT.
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Reitan Battery Grooved Pegboard Test and Finger Oscillation Test. SPSS MANOVA
with appropriate follow-up was used for the analyses. The significance level for all

analyses was a = .05.

Baserate
Descriptive data and a 2 (Group) X 4 (Type of Training) at baserate TOT
ANOVA showed that at the assignment of each subject’s baserate speed, initial TOTs for
complex task subjects later trained under constant speed (M = 4.91), variable speed (M =

4.58), variable rotation (M = 5.05), control (M = 4.55) training conditions, and simple
task subjects later trained under constant (M = 3.82), variable speed (M = 4.47), variable
rotation (M = 5.21), control (M = 4.37) training conditions, were not significantly
different. There were no Group F(1,72) = 1.72, p = .194; Type of Training F(3,72) =
2.19, p =.097; or Group X Type of Training F(3,72) = 1.35, p = .265 effects. This
analysis demonstrated that all subjects performed at a similar level of expertise before

training.

Acquisition
A trend analysis of TOT (see Figure 1) of training trials 1 through 40 (with trials
blocked 1 to 10, 11 to 20, 21 to 30, 31 to 40) for both complex task constant speed (M all

40 trials = 7.40) with variable speed (M all 40 trials = 6.26) and variable rotation M all

40 trials = 6.36), and simple task constant speed (M all 40 trials = 7.78) with variable
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10

Mean Time on Target (TOT)

—o—CCS

4 + + i —8—CVS
Trials Trials Trials Trials —&—CVR
1-10 11-20 21-30 31-40  |---®-- SCS
Training Trials --@-- SVS

---A-- SWR

Figure 1. Group X Type of Training acquisition trials 1 to 40 with trials blocked by 10,
CCS = complex task constant speed; CVS = complex task variable speed; CVR = complex
task variable rotation; SCS = simple task constant speed; CVS = simple task variable
speed; CVR = simple task variable rotation.
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speed (M all 40 trials = 7.45) and variable rotation (M all 40 trials = 8.07) resulted in a
significant effect for Group, F(1,54) = 72.12, p =.000, and for trials (linear trend),
F(1,54) = 148.18, p =.000. The quadratic, E(1,54) = .00609, p = .938; and cubic, F(1,54)
=.04470, p = .833, components of trend were not significant. During acquisition trials,
the simple task group performed better than the complex task group, but each group’s
performance increased over trials. The linear trend had significant Type of Training X
Trend interaction, F(2,54) = 7.43, p = .001. The Group X Trend, F(1,54)=121,p =
276, and Group X Type of Training X Trend, F(2,54) = 2.76, p = .072, interactions were
not significant. These trend analyses indicated that there were significant differences for
Group, with the simple task group performing better than the complex task group during
acquisition trials; however, all experimental subjects acquired the rotary pursuit skill.
Additionally, although both groups showed significant learning across training trials, the
type of training (constant speed, variable speed, variable rotation) differentially affected
acquisition. Simple main effects analysis of Type of Training X Trend interaction showed
that on both tasks, subjects who received training under conditions of constant speed,
E(1,36) =6.67, p = .014, and variable rotation, F(1,36) = 13.69, p = .001, practice
conditions showed performance superior to those trained under conditions of variable

speed practice.
Retention

To determine whether the two groups, complex task subjects and simple task

subjects, retained and transferred the rotary pursuit task, a 2 Group (complex and simple
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subjects) X 4 Type of Training (constant speed, variable speed, variable rotation, no
training control) [X 2 Test (pretest, delay) X 3 Stimulus (TBR, SST, NST)] mixed model
repeated measures ANOVA was performed with Group and Type of Training as be-
tween-subject factors; Test and Stimulus as the within-subject factors: and TOT the
dependent variable.

When the overall analysis, a 2 Group X 4 Type of Training [X 2 Test X 3 Stimu-
lus] ANOVA, was performed, the 4-way Group X Type of Training [X Test X Stimu-

lus] interaction, F( 12, 288) =3.44, p = .000, B = .997, was significant. For purposes of

analysis, it was then determined to individually analyze rotary pursuit retention at TBR
and transfer at SST and NST, respectively. Retention of the rotary pursuit task was
analyzed with a 2 Group X 4 Type of Training at TBR ANOVA with difference score
(delay - pretest) TOT as the dependent variable. Transfer of the rotary pursuit skill was
analyzed by performing a 2 Group X 4 Type of Training ANOVA at both SST and NST.
Difference score (delay - pretest) TOT was the dependent measure for all analyses.
Tabachnick and Fidell (1989) stated that when the covariate(s), which in this analysis is
pretest, and the dependent variable (TOT) are measured on the same scale, the use of
difference scores is an appropriate option for analysis. This alternative allowed for
conversion of the pre- and posttest scores into a dependent variable. As the research
question was phrased in terms of “change,” this difference score provided the answer.
When the overall difference score analysis, a 2 Group X 4 Type of Training [X 3 Stimu-

lus] difference score ANOVA was performed, the 3-way Group X Type of Training [X
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Stimulus] interaction, F(6, 144) =4.77, p = .000, B = .988, was significant. Appropriate
follow-up analyses with planned comparisons were performed on all significant effects.
Follow-up analyses of the significant 3-way difference score interaction were used
to determine how Type of Training affected both groups in the retention of the rotary
pursuit task. When a 2 Group X 4 Type of Training ANOVA was performed at TBR, a
significant effect was found for the Group X Type of Training interaction, F(3,72) =

3.11, p =.032, = .702. Planned comparisons, based on one-way ANOVA contrasts of

the Group X Type of Training interaction (see Figures 2 and 3), showed that all experi-
mental subjects in the three practice conditions made significant improvement in TOT
with training compared with the no-training control group. Subjects assigned to the
complex task group (triangular stimulus pattern) and trained under constant speed
(pretest M = 5.22; delay M = 8.69; difference M = 3.47), variable speed (pretest M =
5.12; delay M = 7.50;, difference M = 2.38), and variable rotation (pretest M = 5.00;
delay M = 8.32; difference M = 3.32), all retained the task compared with no training
controls (pretest M = 5.01; delay M = 5.28; difference M = 0.27), T (36) = 8.255,p =
.000 (see Figure 2). For the complex task group, contrasts showed that training under
constant speed was superior to variable speed training, T (36) =2.637, p =.012; variable
rotation training was superior to variable speed training, T (36) =2.270, p = .029; but
practice under training conditions of constant speed or variable rotation were not signifi-
cantly different, T (36) = 0.367, p = .716. Subjects randomly assigned to the simple task

group (circular stimulus pattern) and trained under constant speed (pretest M = 5.52;
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Figure 2. Retention: Mean difference score TOT pretest to delay for the complex task
group X type of training at TBR. CCS = complex task constant speed; CVS = complex
task variable speed; CVR = complex task variable rotation, CC = complex task control
subjects.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

37



5
4
o
Y]
<
]
23
©
o=
c
(=]
]
E 21
-
c
[\
]
=
1
1 @SCS
0 - e ... e SRR e E-svs
® SVR
SVs SVR scC msc |

Type of Training

Figure 3. Retention: Mean difference score TOT pretest to delay for the simple task
group X of training at TBR. SCS = simple task constant speed; SVS = simple task

variable speed; SVR = simple task variable rotation; SC = simple task control subjects.
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delay M =9.15; difference M = 3.63), variable speed (pretest M = 5.52; delay M = 9.60;
difference M = 4.08), and variable rotation (pretest M = 6.64; delay M = 10.84; differ-
ence M = 4.20), all retained the task as compared to no training controls (pretest M =
3.90; delay M = 6.01; difference M = 0.11), T (36) = 9.048, p = .000 (see Figure 3). For
the simple task group, contrasts showed no significant difference for type of training;
constant vs. variable speed, T (36) =-0.864, p = .393; constant speed vs. variable rota-
tion, T (36) =-1.102, p = .278; and variable speed vs. variable rotation, T (36) =-0.215,
p = .814. These cumulative analyses showed that all experimental subjects retained the
rotary pursuit task compared with no training controls. However, training conditions
differentially affected rotary pursuit retention for the complex task group, but training
conditions did not differentially effect retention for the simple task group.

Skill development, a subject’s improvement in accuracy across trials, was also
assessed by a 2 Group X 4 Type of Training [X 3 Stimulus] mixed-model ANOVA with
difference score (delay - pretest) NOVTOT as the dependent measure. The three-way
Group X Training X Stimulus interaction was significant, F( 6, 144) = 2.22, p=.045B =
.768. For purposes of analysis, it was decided to individually analyze skill development
at TBR, SST, and NST, with difference score NOVTOT as the dependent measure.
Appropriate follow-up analyses with planned comparisons were performed on all
significant effects.

Following up the analysis of the significant 3-way skill development interaction

with a 2 Group X 4 Type of Training ANOVA at TBR with difference score NOU/TOT
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as the dependent measure showed a significant effect for Type of Training, F(3,72) =
20.88, p =.000, B = 1.0. The Group, F(3,72) = 1.27, p = .264, B = .197, and the Group
X Type of Training interaction, F(3,72) =2.10, p = .108, B = .515, were not significant.
Planned comparisons (see Figure 4) of the significant Type of Training effect collapsed
across Group showed that all experimental subjects in the various practice conditions
made significant improvement in skill development with training compared with the no-
training control group. Subjects trained under constant speed (pretest M = 7.77; delay M
= 5.89; difference M = -1.88), variable speed (pretest M = 8.11; delay M = 6.26; differ-
ence M = -1.85), and variable rotation (pretest M = 7.65; delay M = 5.65; difference M =
-2.00) all showed improvement in keeping the stylus on target compared with no-training
controls (pretest M = 7.79; delay M = 8.17, difference M = 0.38), T (76) =-7.722,p =
.000. No significant differences in skill development were found for Type of Training
among the experimental subjects: constant vs. variable speed, T (76) = -0.071, p =.9%4;
constant speed vs. variable rotation, T (76) = 0.336, p = .738; and variable speed vs.
variable rotation, T (76) = .407, p = .685.

The analyses of TOT and skill development showed that constant speed, variable
speed, and variable rotation training conditions all promoted the acquisition and retention
of the rotary pursuit skill. All training conditions promoted learning on both stimulus
patterns; however, experimental evidence generally suggested that variable rotation and

constant speed training enhanced acquisition and retention for the complex task group,
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Figure 4. Retention: Mean difference score skill development (NOI/TOT) at TBR col-
lapsed across group. CS = constant speed; VS = variable speed; VR = variable rotation.
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relative to variable speed training, but only enhanced acquisition and not retention for the

simple task group.

Same Stimulus Transfer

A 2 Group X 4 Type of Training ANOVA was performed at SST to examine
whether training conditions affected a group’s ability to transfer learning on the rotary
pursuit to a faster speed. A significant effect occurred for Group, F(1,72) =9.40, p =
.003, B = .855; and Type of Training, F(3,72) = 36.29, p = .000, B = 1.0. The Group X
Type of Training interaction, F(3,72) = 1.01, p = .394, B = .263, was not significant.
These analyses showed that overall, the simple task group (pretest M = 3.76; delay M =
6.04; difference M = 2.28) performed better than the complex task group (pretest M =
4.69; delay M = 6.26; difference M = 1.57), and although both groups generalized their
training, they did not show differential transfer to same stimulus at a faster speed.
Collapsing across group (Figure 5), planned comparisons based on one-way ANOVA
contrasts for Type of Training showed that all experimental subjects in the three training
conditions made significant transfer compared with the no-training control group. Subjects
trained under constant speed (pretest M = 4.09; delay M = 6.76; difference M = 2.67),
variable speed (pretest M = 4.19; delay M = 6.34; difference M = 2.15), and variable
rotation (pretest M = 4.26; delay M = 7.25; difference M = 2.99) all showed transfer
compared with no-training controls (pretest M = 4.37; delay M = 4.26; difference M =

0.11), T (76) = 9.586, p = .000. Significant difference in the amount of transfer for
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Figure 5. Same stimulus transfer: Mean difference score TOT at SST collapsed across
group. CS = constant speed; VS = variable speed; VR = variable rotation.
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Type of Training was found for variable rotation vs. variable speed training, T (76) =
-2.447, p = .017. No significant differences were found for Type of Training between
constant speed vs. variable speed, T (76) = 1.523, p = .132, and constant speed vs.
variable rotation, T (76) = -.925, p = .358 training conditions.

Skill development was also analyzed for transfer of the rotary skill to the same
stimulus at faster speed. A 2 Group X 4 Type of Training ANOVA at SST showed a
significant Group X Type of Training interaction, F(3,72) = 4.43, p =.007, 3 = .858.
Planned comparisons (Figures 6 and 7), based on one-way ANOVA contrasts of this
significant interaction effect showed the experimental subjects in both the complex task
and simple task groups made significant improvement in skill development with training
compared with the no-training control group. Subjects assigned to the complex task group
and trained under constant speed (pretest M = 10.97; delay M = 10.45; difference M =
-0.52), variable speed (pretest M = 12.92; delay M = 10.99; difference M =-1.93), and
variable rotation (pretest M = 13.35; delay M = 10.89; difference M = -2.46), all showed
improvement in keeping the stylus on target compared with no-training controls (pretest
M =12.35; delay M = 14.02; difference M = 1.68), T (36) =-4.801, p = .000. For the
complex task group, skill development was significantly enhanced by variable rotation vs.
constant speed training, T (36) = 2.297, p = .028. Differences in improvement were not
significant for variable speed vs. constant speed training, T (36) = 1.674, p =.103; and
practice under training conditions of variable rotation vs. variable speed training, T (36) =

0.624, p = .537. Subjects assigned to the simple task group and trained under constant
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Figure 6. Same stimulus transfer: Mean difference score skill development (NOI/TOT) at
SST for the complex task group. CCS = complex task constant speed; CVS = complex
task variable speed; CVR = complex task variable rotation; CC = complex task control
subjects.
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Figure 7. Same stimulus transfer: Mean difference score skill development (NOI/TOT) at

SST for the simple task group. SCS = simple task constant speed; SVS = simple task
variable speed; SVR = simple task variable rotation; SC = simple task control subjects.
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speed (pretest M = 7.86; delay M = 5.49; difference M =-2.37), variable speed (pretest
M =731; delay M_=5.95; difference M = -1.36), and variable rotation (pretest M =
5.79; delay M = 4.62; difference M = -1.17), all showed improvement in keeping the
stylus on target compared with no-training controls (pretest M = 5.77; delay M = 6.87,
difference M = 1.10), T (36) = -8.997, p = .000. For the simple task group, skill devel-
opment was significantly enhanced by constant speed vs. variable speed, T (36) =-2.718,
p = .010; and constant speed vs. variable rotation, T (36) =-3.212, p = .003. Differences
were not significant in improvement for variable speed vs. variable rotation training, T
(36) =-0.494, p = .624.

These results generally suggest that when transferring to the same stimulus
pattern but at a faster speed (within-motor program transfer), both groups showed
enhanced transfer TOT when they learned the task with variable rotation training.
However, skill development data allowed the investigator to clarify how training differen-
tially effects transfer between the groups. Overall, variable rotation training (see descrip-
tive data, Table 2) enhanced transfer for the complex task group, whereas constant speed

training enhanced transfer for the simple task group.

Novel Stimulus Transfer

A 2 Group X 4 Type of Training ANOVA was performed at NST to examine
whether training conditions impacted a group’s ability to transfer learning on the rotary
pursuit to a novel stimulus pattern. The Group X Type of Training interaction, F(3,72) =

2.84, p = .044, B = .658 was significant, evidence that complex task and simple task
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subjects differentially transferred learning to the novel stimulus pattern. Planned compari-

sons 2.84, p = .044, B = .658 was significant, evidence that complex task and simpie task

subjects differentially transferred learning to the novel stimulus pattern. Planned compari-
sons (Figures 8 and 9) of this significant interaction effect showed that complex task
subjects in the three experimental conditions made significant transfer with training
compared with the no-training control group. Subjects assigned to the complex task group
and trained under constant speed (pretest M = 3.69; delay M = 5.56; difference M =
1.87), variable speed (pretest M = 3.41; delay M = 5.15; difference M = 1.74), and
variable rotation (pretest M = 3.39; delay M = 6.37; difference M = 2.98) practice
conditions all showed transfer to a novel stimulus pattern compared with no-training
controls (pretest M = 3.42; delay M = 3.36; difference M =-0.06), T (36) = 6.718,

p =.000. On this novel stimulus, subjects trained under variable rotation conditions
showed transfer superior to that of subjects trained under constant speed, T (36) = -
2.686, p = .011, or variable speed, T (36) =-3.016, p = .005 conditions. Subjects assigned
to the simple task group and trained under constant speed (pretest M = 4.15; delay M =
4.85; difference M =0.70), T (36) =.988, p = .330; and variable speed (pretest M = 4.28;
delay M = 5.06; difference M = 0.78), T (36) = 1.165, p = .252, practice conditions did
not transfer learning to the novel stimulus. Only subjects trained under variable rotation
(pretest M = 3.66; delay M = 5.39; difference M = 1.73) practice conditions transferred
learning to the novel stimulus compared with no-training controls (pretest M = 4.16;
delay M = 4.41; difference M = -0.25), T (36) = 3.287, p = .002). On this novel stimulus,

subjects trained under variable rotation practice conditions evidenced superior transfer to
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Figure 8. Novel stimulus transfer: Mean difference score TOT pretest to delay for the
complex task group X type of training at NST. CCS = complex task constant speed; CVS
= complex task variable speed; CVR = complex task variable rotation; CC = complex task
control subjects.
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Figure 9. Novel stimulus transfer: Mean difference score TOT pretest to delay for the
simple task group X type of training at NST. SCS = simple task constant speed; SVS =
simple task variable speed; SVR = simple task variable rotation; SC = simple task control
subjects.
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subjects trained under constant speed, T (36) =-2.299, p = .027, and variable speed, T
subjects trained under constant speed, T (36) =-2.299, p =.027, and variable speed,
T (36) =-2.123, p = .041, conditions.

Skill development was also analyzed for transfer of the rotary skill to a novel
stimulus. A 2 Group X 4 Type of Training ANOVA at NST showed a significant Group

X Type of Training interaction, F(3,72) =4.42, p = .007, B = .858. Planned comparisons

(Figures 10 and 11) of this significant interaction effect showed that within the complex
task group, only subjects receiving variable rotation (pretest M = 8.57; delay M = 5.53;
difference M = -3.04) practice showed significant improvement in skill development with
training compared with the no-training control group (pretest M = 8.48; delay M = 9.07,
difference M = 0.59), T (36) =-8.201, p = .000. All other experimental subjects failed to
show improvement in accuracy with training when transferring to a novel stimulus.
Subjects assigned to the complex task group and trained under constant speed (pretest M
= 7.22; delay M = 7.24; difference M = -0.02), T (36) =-1.297, p = .203, and variable
speed (pretest M = 7.41; delay M = 7.12; difference M =-0.29), T (36) =-2.007,p =
.052, showed no improvement in keeping the stylus on target compared with no- training
controls. Subjects assigned to the simple task group and trained under constant speed
(pretest M = 10.69; delay M = 11.18, difference M = 0.49), variable speed (pretest M =
12.41; delay M = 12.48,; difference M = 0.07), and variable rotation (pretest M = 11.11;
delay M = 11.10; difference M = 0.01) all showed no improvement in keeping the stylus
on target compared with no-training controls (pretest M = 10.57; delay M = 11.65;

difference M = 1.08), T (36) = -1.465, p = .152.
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Figure 10. Novel stimulus transfer: Mean difference score skill development (NOL/TOT)
at NST for the complex task group. CCS = complex task constant speed; CVS = complex
task variable speed; CVR = complex task variable rotation; CC = complex task control
subjects.
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Figure 11. Novel stimulus transfer: Mean difference score skill development (NOI/TOT)
at NST for the simple task group. SCS = simple task constant speed; SVS = simple task
variable speed; SVR = simple task variable rotation; SC = simple task control subjects.
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These results generally suggest that when transfer was to a novel stimulus pattern
(between-motor transfer), subjects experienced differential ability to transfer learning. The
analyses showed that only those subjects trained on the complex task stimulus made
significant positive transfer across types of training employed to learn the original task.
Of these, subjects trained on the between-motor task (variable rotation) showed signifi-
cantly more transfer than subjects receiving the other training conditions. Alternatively,
subjects trained on the simple task stimulus showed transfer to a novel task only when
trained under variable rotation practice conditions. Subjects trained under the other
practice conditions did not transfer learning to a novel stimulus condition. This evidence

suggests that between-motor program training allows for the formation and utilization of

flexible motor schemata.

Interindividual Differences

One-way ANOVA and correlational analyses examined the relationship of group
with measures of neuropsychological functioning and posttest performance. Analyses
comprising both groups--simple task and complex task--were performed examining the
relationship of Group to WMS-R, verbal paired associates and visual paired associates;
Shipley Institute of Living Scale; Grooved Pegboard Test; Finger Oscillation Test; and
posttest measures short delay, long delay, and mean delay. In both groups, no neuropsy-
chological test revealed a significant relationship to posttest performance on rotary

pursuit. It appeared that the limited variability found in neuropsychological functioning
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for these healthy subjects precluded the study of any potential relationship between

neuropsychological functioning and posttest performance.
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CHAPTER 4
DISCUSSION
The results of the present investigation provided support for the following

hypotheses: (a) The rotary pursuit skill learning paradigm, comparing simple and complex
tasks, showed a memory continuum that included both nondeclarative and declarative
motor learning, (b) practice conditions involving high levels of contextual interference led
to formation of more flexible motor schema, and (c) optimum schema formation occurred
under conditions in which task demands and training conditions stimulated declarative
memory processes. It was seen that on rotary pursuit, task demands brought about by
the nature of the training stimulus (simple versus complex) resulted in differential transfer
that might be directly attributed to a specific memory system (procedural versus declara-
tive) being engaged by a given task. Additionally, it was shown that when the training
condition itself provided complex perceptual-motor cues, a simple and strictly procedural
task could be advanced along a memory continuum from primarily engaging procedural to
engaging declarative memory systems. The study provided strong empirical evidence
supporting Magill and Hall’s (1990) hypothesis that high levels of contextual interference
prompt motor schema formation and allow for generalization of learning to transfer

variations controlled by the same or different motor programs. It is likely that when
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motor skill learning engaged declarative memory systems, thc most flexible motor schema

were formed.

A Memory Continuum in Motor Skill Learning: How Task Demands and Training

Conditions Contribute To Its Formation

Consistent with previous research (Lanier, 1934; Lincoln & Smith, 1951; Lordhal
& Archer, 1958; Magill & Hall, 1990, Namikas & Archer, 1960; Schmidt, 1975, 1988
Shea & Morgan, 1979; Shea & Zimny, 1983, 1988), this study’s training conditions
(constant speed, variable speed, and variable rotation) differentially affected transfer of
the motor skill, rotary pursuit. In this study, it was asserted that motor skills are arranged
along a continuum of perceptual-motor complexity comprising motor activities ranging
from simple reflex behaviors to complex perceptual-motor tasks. The current study
hypothesized that skill learning needed to be represented along a similar continuum,
encompassing both procedural and declarative memory systems. This study’s results
suggested that differential transfer might be directly attributed to a specific memory
system (procedural or declarative) being engaged by a given task (simple stimulus or
complex stimulus) during the initial training of the motor skill.

Arguably, performance of a motor skill must resuit in a memory representation
that may be called a motor program. The results of this study provided support that this
motor program will develop under procedural control when the context under which the
motor response evolves remains the same. That is, when skill demands remain simple and

there is minimal variation (constant speed and variable speed practice) in training condi-
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tions. To the extent that context varies across performance of the motor response, in-
creasing its complexity, either through more elaborate sensory-perceptual demands
(complex stimulus) or by increasing between-motor program variability (variable rotation
practice) in training conditions, the motor program will develop under declarative control.

The differential transfer elicited by task, training conditions, or both may be un-
derstood in terms of the inherent properties of each memory system. When motor
learning engages procedural memory processes, learning is, as Squire (1994) asserted, less
flexible and provides limited transfer or access to response systems not involved in the
original learning. However, when motor learning required access to declarative memory
systems, learning became flexible and available to multiple response systems not involved
in the original learning. This study’s results suggested that when transfer was to a novel
task, subjects trained on the simple stimulus under constant and variable speed practice
conditions did not transfer learning. Hence, learning on the simple task under constant
speed and variable speed practice conditions was likely accessing procedural memory.
However, on the complex task, motor learning involved the integration of multiple per-
ceptual, spatial, and motor stimuli. The complex task itself appeared to stimulate access
to declarative memory systems. Subjects trained under conditions of constant and variable
speed practice were able to transfer learning to a novel task. They showed flexibility in
learning that is a hallmark of declarative memory.

Transfer to a novel task has also provided evidence of a memory continuum in
rotary pursuit learning. Between-motor training conditions involved in the original acqui-

sition of the motor skill appeared to stimulate access to declarative learning and memory.
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Although this study erroneously hypothesized that variable rotation practice conditions
would not enhance procedural transfer to a novel complex task, analyses have indicated
that significant transfer of learning did occur. It appears likely that the richness of the
between-motor training condition and its provision of complex perceptual-motor cues
stimulated access to declarative memory.

The results of this study provided strong support for a skill learning paradigm
that engaged a memory continuum of both nondeclarative and declarative motor learning
on rotary pursuit. Subjects trained on the simple task showed evidence of differential
learning at transfer compared with subjects trained on the complex task. Both task and
training conditions contributed to the formation of this continuum. When the motor skill
remained perceptually and physically simple and the variation in training required the
subject to make a response that varied in only one dimension (increasing or decreasing
speed), procédural memory was accessed. However, when task (complex task) or training
conditions (variable rotation practice) provided complex perceptual-motor or contextual
cues, a continuum toward engaging declarative memory was established. Squire’s (1994)
assertion was strongly supported by the evidence presented in this study. Motor skill
learning may access nondeclarative memory, declarative memory, or a combination of

both memory systems.

Schmidt’s Schema Theory and the Contextual Interference Hypothesis

The experimental data and analyses of this investigation provided strong support

for Magill and Hall’s (1990) hypothesis that the contextual interference effect prompts
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schema formation. Van Rossum (1990) argued that the critical issue in the research on
schema formation and variation of practice is gencralization. Schmidt (1975) noted that
practice under variable conditions should most benefit performance on new or novel
rather than earlier encountered situations. Consistent with Magill and Hall’s (1990)
hypothesis, evidence from this study generally showed that between-motor practice
conditions promoted high levels of contextual interference, resulting in significantly better
transfer performance than within-motor practice conditions involving lower levels of
contextual interference. On the simple task, within-motor program transfer was enhanced
by constant speed training. However, the only training condition that elicited transfer to
the novel transfer task (different-motor program), was between-motor or variable rotation
training. On the complex task, variable rotation training elicited significantly more transfer
of learning to both transfer tasks than any other training condition. This evidence suggests
that high levels of contextual interference created by between-motor training allowed for

the formation and utilization of flexible motor schemata.

Memory Systems and the Formation of Motor Schemata

This investigation has presented experimental evidence that suggests motor skill
learning, whether engaging procedural or declarative memory systems, occurs as schema
are formed which integrate the perceptual-motor response over time or training trials.
Procedural schemata are likely formed when the perceptual-motor response required by
both task and training conditions remains relatively invariant. However, the more variable

the context for each occasion of practice and the more contextual interference that is
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present across training trials, the more training will engage declarative verses procedural
memory processes. It seems likely that variability in sensory-perceptual context and
variability in between-motor response lead to more relational learning and optimal motor
schema formation.

This hypothesized relationship between motor skill leaming and memory systems
provides a milieu in which previous motor research can be understood and reconciled. On
a rotary pursuit task, using a simple circular stimulus, Lordhal and Archer (1958) and
Namikas and Archer (1960) reported constant speed practice conditions promoted
superior transfer compared with variable speed practice conditions. Similarly, Barto
(1986) reported that subjects throwing darts at a stationary target also showed that
constant practice conditions promoted superior transfer compared with variable practice
conditions. This evidence is consistent with this study’s model of motor learning and
memory systems. On the Lordhal and Archer (1958) and Namikas and Archer (1960)
rotary pursuit task, and on Barto’s (1986) simple throwing task, procedural motor
schema were formed, and predictably, constant speed practice promoted superior transfer
benefits. More recent studies found support for the variability of practice hypothesis
when constant practice conditions were compared to variable practice conditions. Various
researchers--including Newel and Shapiro (1976) displacing a handle over a specified
distance in a specified time; Del Rey, Wughalter, and Whitehurst (1982) depressing the
button coincident with the arrival of the moving lights at the last lamp at the end of the
runway; Barto (1986) throwing darts at a moving target; and Shea and Morgan (1979)

knocking down barriers as fast as possible in a prescribed order--employed motor tasks
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that involved the integration of relatively complex perceptual-motor cues. Similar to the
current investigation’s complex task, these studies found support for variability in
practice leading to enhanced transfer and are consistent with this study’s model. Finally,
in the experiment performed by Wood and Ging (1991), subjects practiced moving one
arm as fast as possible through a multisegment movement pattern. Practice conditions
directly compared different levels of task similarity. The within-motor program practice
condition did not evidence the contextual interference effect, whereas the between-motor
program practice condition showed the effect on novel transfer tasks. The results
reported by Wood and Ging (1991) are compatible with this study’s model of motor
learning and memory systems.

In summary, this study’s model of a skill learning paradigm in which motor skills
range on a continuum of perceptual-motor complexity from simple to complex and are
represented in memory along a similar continuum encompassing both nondeclarative and
declarative memory systems has been supported by the analyses of the current investiga-
tion. Furthermore, this model can account for motor schema formation and it is consistent

with reported results in past research on motor learning.
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