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Joystick Acquigtion in Tufted Cgpuchins (Cebus apella)
(Under the Direction of DOROTHY M. FRAGASZY)

| examined joystick acquisition in four tufted capuchins under two directiond
relationships of joystick movement and resultant cursor displacement. | also recorded the
development of cursor tracking and body-tilting during skill acquisition. Retes of
acquisition were comparable between the two conditions. After mastering the task in one
condition, subjects re-mastered the task at an accelerated rate in the opposing condition.
All subjects Sgnificantly increased or maintained high proportions of cursor tracking
throughout acquigition. All subjects demongtrated a posturd tilt upon task mastery that
was found more often in the direction of god location than that of required joystick
movement. This suggests that body-tilting reflects attentiona demands of this unique
testing system and not the motoric requirements of the task.
INDEX WORDS: Skill acquigtion, Motor skill, Joystick, Body-tilting, Tracking,
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CHAPTER 1: INTRODUCTION

Acquistion of perceptua motor skills became atopic of interest within
psychology early in thelast century (Schmidt, 1975). A large body of research
addressing the development of motor control and assessment of motor performance arose
over severa decades. Although there was alarge amount of experimenta research being
conducted, it was not until the 1970's that this field began to develop its own theoretica
orientations that addressed the acquisition and development of motor skills (Dickinson,
1985). In the decades since the conception of these classic theories, such as those of
Adams (1971) and Schmidt (1975), awide array of new tasks has developed as aresult of
technological advances. These new skills are interesting because their nature is often
quite different from those motor skills addressed by the traditiond theories. Herel
investigated the acquisition of one of these new skills (mastery of ajoystick) by tufted
capuchin monkeys (Cebus apella). | examined behaviors apparent during skill
acquisition and manipulated the directiond relationship between joystick moverment and
resultant cursor displacement. In addition, | attempted to fit the acquisition of this kill
into traditiona theories of motor skill acquisition to highlight the successes and failures
of these mode s in accounting for a skill of thistype.

The nature of ajoydtick task makes its mastery an interesting skill to address.
Joydtick systems, in which the subject controls cursor movement on a computer screen by
manipulating ajoystick, require the subject to be digplaced spatidly from the task god.
Subjects must manipulate the joystick in one physical areato cause movement of the

cursor to agod region in another area of the visud fidd (i.e. the monitor) (Rumbaugh,



Richardson, Washburn, Savage-Rumbaugh & Hopkins, 1989). Therefore, unlike most
tasks working in three dimensions, the subject never comesin physical contact with the
god region. Subjects encounter the additiond difficulty of learning to make a motor
movement of the hand upon the joystick, an action that occurs in three dimensions, while
viewing the results of this movement on atwo-dimensona computer monitor. Utilizing
this three-dimensiond/two-dimensond interface is not only a problem presenting
multiple unusud relationships of action and outcome, but is one that is novel to these
non-human subjects.

The question arises. how do subjects learn to manipulate ajoystick to achieve a
god that is spatidly displaced from them and present only in two dimensons when dl
life experiences have involved direct action on objectsin three dimensions? To answer
this question we must understand the nature of this motor skill by documenting its
development. Although a body of research on joystick-mediated tasks has been
developing in recent years (see Appendix A), thereis still akey deficit in this literature.
While performance on these tasks has been documented, acquisition of the motor skill of
joystick control has been largely ignored.

Early theories of motor skill acquisition focused on discrete tasks in which the
performer worked the task within the three-dimensiond world and acted directly upon the
target elther with his or her body (pressing alever) or with another object (hitting a
baseball with abat). Joystick mastery therefore posesinteresting challenges to these
early theories.

Perhaps the most pervasive of the early theories of motor skill acquisition wasthe

Closed-Loop Theory, proposed by Adams (1971). Thistheory claimed that two memory



dtates develop as movements are learned. Thefirgt of these memory states, the perceptua
trace, indicates the correctness of movements as learned from feedback in early practice
trids with particular tasks. Thus, the perceptud trace provides the subject with the
knowledge of the requirements of thetask. This perceptual trace isthen compared to
feedback during movementsin order to alow for error adjusments to be made. It isthis
comparison and dteration of movements that gives the theory its name. The second
memory state, known as the memory trace, is responsible for selecting the gppropriate
movement from a catalog of known movements and then initiating it. Therefore, the
memory trace selects the movement appropriate for task completion and the perceptua
trace monitors the progress of that movement in attaining the goa (Dickinson, 1985).
The problem with this notion of motor skill acquistion isthat it supposesasingle
solution to the task. It isevident from casud observation of joystick users that
manipulation of the joystick to direct the cursor can be accomplished in awide variety of
ways, and subjects may not be congstent in their approach over time. For example, the
joystick can be manipulated with different parts of the body and the cursor can be
directed to the goa dong anumber of equaly effective and efficient paths. Another
limitation in the application of this theory to the task of joystick manipulation isthat it
seems to ignore the early stages of the learning process. The theory does not address the
early chain of associations that must take place to discover the god of thetask. In
addition, acquisition of thistask requires the discovery of the directiond relationship that
exigts between joystick movement and cursor displacement. Thus, in order to select the

appropriate joystick movement for task solution a complete understanding of this



relaionship must be present. Adams (1971) does not addressthislevel of processing in
his theory.

Seen asafollow up to Adams (1971) Closed-Loop Theory, Schmidt (1975)
proposed his Schema Theory. The schema theory proposes the presence of two memory
systems, arecal schema and arecognition schema. Schema are defined by Bartlett
(1932) as storage mechaniams conssting of generdizations, and it is from these
generdizations thet fine detail can be reconstructed. The recall schemais responsible for
the Storage of aspects of movement. These aspects include initid conditions of the
movement, the parameters of movement such as force and timing, knowledge of results
provided following the movement, and the resulting sensory experiences of the
movement. Schmidt argues that these four aspects of amovement are held in temporary
store while relationships among them are learned. These relationships are then moved to
permanent storage. Thus, the recdl schemais comprised of the existing relationships
among aspects of movement. The second schemainvolved in motor skill acquistionis
the recognition schema. The recognition schema develops with continued exposureto a
task. This schemaalowsfor the prediction of outcomes of particular movements for
particular tasks. One can then gpply movement knowledge contained in a recognition
schemato novel yet amilar stuations (Dickinson, 1985).

The ideas st forth by this theory explain many aspects of joystick acquisition.
Unlike Adam'’s (1971) Closed-Loop Theory, Schmidt’s (1975) theory describes the
presence of knowledge of relationships between environmenta cues, one’ s actions, and
task outcome. The notion of attention to initial environmental cuesis essentia for

acquisition of thejoystick in that attention must be paid to the monitor and in order for



subjects to gain knowledge of its contents (presentation of cursor displacement). The
theory also addresses the process that may be present in the subject’ s learning of the
joystick/cursor directiond relationship. Once attention is being paid to the relevant
environmental features of the task (tracking the cursor on the monitor and receiving
proprioceptive feedback from manipulation of the joystick), each new movement of the
joystick will creste the memory of anew set of rdationships among dl aspects of the
movement. Here, perhaps, the subject gains knowledge of the directiond rdationship
between joystick manipulation and resultant movement of the cursor on the monitor.
Oncethisreationship is understood, the subject then has control over cursor movement.
In this examination of the development joystick mastery | investigated severd
behaviora markers present during acquisition in an attempt to relate this process to that
proposed by Schmidt (1975). | recorded and examined the rate of skill acquisition by
noting the number of trids faced prior to mastery of anumber of criteria on the way to
joystick proficiency. To address attention to environmental cues| recorded visua
tracking of the cursor on the monitor by subjects during the acquisition process. To
investigate how the subjects learned the parameters of their movements and the resultant
action | used two different joystick/cursor directiona relationships. Thefirst condition
was the isomorphic condition in which the direction of joystick movement and resultant
cursor displacement isthe same. In the inverted condition this relationship between
joystick and cursor was 18001 opposed. After mastering the task in the inverted condition,
subjects underwent a reversal and were required to relearn the skill in the isomorphic
condition. Finaly, it has been observed previoudy that capuchin monkeystilt their

bodies while manipulating the joystick (Filion, Rogers, & Fragaszy, 1998). This body-tilt



appears to be smilar to that demongtrated by human children when playing videogames.
| interpret body-tilting as an attempt to gain increased control over the Stuation on the
screen, which is precipitated by the digointed nature of these computerized tasksand is
not a result of motoric demands of the joystick or video controller.

It is clear thet at least one traditiond view of motor skill acquisition can be
gpplied to the development of this unique motor skill while another fails to address
severd key issues. Following from Schmidt's (1975) theory and other key findingsin the
motor learning literature, | made the following five predictions regarding joystick
acquistion.

Hypothess #1) Research on aviators use of controlsin aflight smulator suggests
that controls are easier to use when movements are directionaly compatible with the
corresponding display movements (Poulton, 1974). In addition to this observation, it has
been noted by researchers utilizing joystick testing systems that learning is facilitated by
adirect relationship between controller and display movement (Poulton, 1966).
Therefore, | predicted that acquisition of the joystick would take place at afaster rate for
subjectsinitialy assgned to the isomorphic condition than those initidly assgned to the
inverted condition.

Hypothesis #2) Based on Schmidt's (1975) comments on the importance of
gaining information from the environment during skill acquisition, | predicted that
subjects average duration of cursor tracking per trial would incresse during acquisition in
theinitia condition. Visud tracking of the cursor is necessary to gain information
provided by the display on the screen to learn the association between joystick

manipulation and cursor position, and the directiond relationship present between the



two. Therefore, knowledge of the digplay's vaue should be manifested, at leadt initidly,
by visud tracking of the cursor.

Hypothess #3) Knowledge that information is provided by the monitor was
dready to be in place when subjects underwent the reversal of the joystick/cursor
relationship upon mastering the inverted condition. Therefore, | predicted that subjects
would track significantly more following the reversd than they did initidly in the
inverted condition.

Hypothesis #4) In addition, because these subjects had learned the vaue of the
monitor aswell as the function of the joystick prior to reversd, they would be able to
transfer knowledge of these two key components of the task under the new conditions.
Therefore, | predicted that subjects that initially mastered the inverted condition would
acquire the isomorphic condition following reversal more quickly than they did the
inverted condition and more quickly than those initidly assgned to the isomorphic
condition.

Hypothesis #5) Findly, | predicted that as seen previoudy in tufted capuchins
using joysticks (Filion, Rogers, & Fragaszy, 1998) and in human children, these subjects
will demonstrate a pronounced body-tilt during the course of joystick mastery. | believe
body-tilts reflect attentional/control aspects of the task, therefore | expect that
sgnificantly more tilts will occur in the direction of the god location than in the direction
of required joystick movement in al conditions. If instead body-tilts are merdly the
result of the motor demands of the task then tilts will occur significantly more in the
direction of required joystick movement than in the direction of goa location on the

monitor.



CHAPTER 2: METHOD

Subjects and Housing

The subjects of this sudy were four mae tufted capuchins (Cebus apella): Leo,
Nick, Mickey, and Solo (aged 5 - 7 years). Subjects were pair-housed in indoor cages at
the Universty of Georgia They were fed Lab Diet monkey chow twice daily and various
fruitsonce aday. Water isavailable ad libitum. Testing took place outside of the
homecage in a separate testing room. Video and computer equipment was controlled
from aroom adjacent to this testing room.
Apparatus

The testing room contained two testing stations. Each station consisted of aclear
Pexiglas and meta testing cage (64 cm x 47 cm x 78 cm) placed in front of a Plexiglas-
covered computer monitor, joystick, sugar pellet dispenser, and speaker. An armhole
(5.84 cm in diameter), providing full range of motion, was centered in the front Plexiglas
pand of the cage, and sat up gpproximately 8 cm from the joystick. A perch in front of
the armhole permitted animals to St or sand while manipulating thejoystick. A
Panasonic video camera (modd XL - CL700) mounted above the computer monitor
provided images of the subject’ s face and body during testing (see Figure 1). Additiona
cameras in the computer room recorded the images presented on the monitor of each
testing Sation. Signas from these four cameras were routed through a Panasonic
QuadPlex to dlow them to record smultaneoudy to asingle VHS tape.

Subjects were presented with the SIDES task; the first in a series of joystick-

mediated tasks developed at the Language Research Center of Georgia State University



Figure1. Joystick testing station.
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(Richardson, Washburn, Hopkins, Savage- Rumbaugh & Rumbaugh, 1990; Rumbaugh,
Richardson & Washburn, 1989). The god of the SIDES task was to manipulate the
joystick to bring a cursor in contact with a highlighted region a the margin of the
computer monitor. It began with dl four margins of the monitor being highlighted. The
task was self-paced, such that the subject's performance controlled progress through the
task. After successfully completing five trids with four highlighted margins, the goa
areatitrated down to three highlighted Sdes. The program randomized the position of
these highlighted Sdes acrosstrids. With increesing mastery of the joystick, the god
region continued to reduce to 2 sides, 1 side, 1A (approximately 2/3 of amargin), 1B
(approximately 1/3 of amargin), and 1C (an areadightly larger than the cursor itsdlf)
(see Figure 2). The program returned to the previous titration of the god region when the
subject experienced difficulty on a particular titration (i.e. exceeds 20 second time limit
for average trid completion for the titration block and/or drops out of trias by not
contacting the joystick for 45 seconds).
Procedure

Subjects were given the opportunity to work on the SIDES task twice aweek for
gpproximately 15 to 30 minutes each sesson. Pairmates were tested smultaneoudy, with
one experiencing an isomorphic reationship between joystick movement and resultant
displacement of the cursor on the monitor, and the other initialy experiencing an inverted
relationship. Leo and Mickey were initidly assigned to the isomorphic condition. In this
condition, manipulaion of the joystick in a particular direction resulted in movement of
the cursor in that same direction. Thus, when the joystick was manipulated to the l&ft, the

cursor moved to the left on the monitor. Nick and Solo were initidly assgned to the
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1C Mastery

Figure 2. Titrations of the SIDES task.
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inverted condition. In this condition, manipulation of the joystick resulted in movement

of the cursor on the monitor in adirection 180° opposed to that of joystick manipulation.
Thus, movement of the joystick to the left displaced the cursor to the right Side of the
monitor. Upon achieving mastery of the inverted condition, Nick and Solo were
presented with the isomorphic condition and trained on the SIDES task following the
same procedures as above. Successful completion of atria by placing the cursor in the
highlighted region resulted in a tone sounding, presentation of a green sunburst display

on the computer monitor, and the ddlivery of aNoyesd sugar pellet and/or hand delivery
of apiece of nut or dried fruit by the experimenter.

Training with the joystick took place over an 18-month period. Datafrom each
trial was recorded by the computer and saved to disk by the experimenter at the end of
each testing sesson. VHS recordings of the testing sessions were then digitized usng the
Broadwaya software package and selected trials were burned to CDs. Data were
collected from these CDs using the Observer Video-Pro (& Noldus Corp.), a software
package for the analysis of observational data
Data Scoring

Video records were scored for three elements of joystick acquigtion; rate of
acquisition, cursor tracking and body-tilting as judged by two observers. The percentage
agreement for these two observers examining rate of acquisition for two subjects was
100%. The percentage agreement over 30 trias for two subjects was 100% for cursor
tracking data with a maximum time discrepancy of +/- .1 seconds, and 100% for

frequency and direction of body-tilts.
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Rate of acquisition was determined by recording the number of totd trias
presented prior to first achieving specific criteriaat each titration. | defined this criterion
to be successful completion of nine out of 10 consecutive trids for the particular titration.
Criterion for joystick acquisition, or mastery of the SIDES task, was defined as
successful completion of 18 out of 20 consecutive trids at the 1C titration following
attainment of mastery on dl prior titrations. In these 18 trids, the god region was
present on each margin at least two times and the subject could not bring the cursor in
contact with the margin of the monitor outsde of the highlighted god region on more
than one occasion per trid.

| defined cursor tracking as the proportion of total trid duration in which the
subject's pupils followed movement of the cursor on the monitor. Because the images
from the computer monitor and frontal view of the subject were recorded smultaneoudly,
they could be compared sde by sde to determine the duration of this behavior. For each
subject in each condition, the first 25 completed trids a mastery of each titration and
upon joystick acquigition (including the 10 in which mastery was achieved) were scored
for cursor tracking using frame-by-frame andyds of digitized images.

| defined body-tilting as movement of the body such that the ear opposite the
direction of body movement passed over the midline of the subject'sbody. Totd tiltsin
the left and right direction were scored for each trid by placing averticd line overlay on
the video screen and aigning it with the body midline. The body midline was determined
by using the forward facing image of the subject prior to the beginning of each trid and
placing the line on the subject's nose and between the hips. Each pass of the opposite ear

over the midiine in both the left and right direction was recorded. Movements of the ear



over the midline when not facing the screen, or occurring during characterigtic head bobs
(typical of these monkeysin this test Stuation), were not counted astilts. Location of the
god was recorded concurrently to permit for andyss of the direction of tilt asafunction
of god location and joystick/cursor relationship.

Using the digitized images and the Observer Video-Pro software, afrequency of
body-tilting behavior was determined for each subject by scoring the total number of tilts
per trid for 25 trids upon atanment of the 4-sided criterion, 1-sded criterion, and
criterion for joystick mastery. Thirty trias (15 trias with the god located on either Sde
of the monitor) were then scored at joystick mastery to examine direction of tilt
digtribution. Frequency of tilts and direction (l€ft, right) of each tilt was recorded.

Daa Anayss

To examine hypothesis #1 (that joystick acquisition would occur more quickly in
the subjects initidly exposed to the isomorphic than those in the inverted condition) the
number of trids presented prior to first achieving each criterion for each subject were
compared graphicaly. Having only two subjects in each condition and apparent
individua differences precluded the use of inferentid dtetitics to compare the two
conditions. The graph provides ameansto examine individua trendsin acquisition
acrossthe criteriaas well as differences between individuas within and between the
conditions.

To test hypothesis #2 (that cursor tracking would increase during acquigtion for
al subjects under the initia conditions) | calculated the average proportion of tria spent
tracking for the first 25 trids faced upon attainment of each criterion. Next, for each

subject | conducted asign test comparing the 25 trids from the 4-sded criterion and 25
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trids a criterion for joystick mastery. This was aone-tailed test and alphawas set at .05.

The same procedure was used to test hypothesis #3 (that subjectsinitidly experiencing
the inverted condition would track sgnificantly more at criterion for the 4-sded titration
in the isomorphic condition following reversa than they did ininitid inverted condition).

To test hypothesis #4 (that subjects that underwent reversal would master the
isomorphic condition more quickly than they did the initid inverted condition and that
they would magter the post-reversal isomorphic condition more quickly than the subjects
initidly placed in the isomorphic condition) trials to each criterion of joystick mastery
were presented graphicaly for each subject. Thisalowed for a comparison within each
reversal subject of their pre and post-reversa performance as well as dlowed for a
comparison of the performance of both subjects post-reversd to the performance of the
two subjects that initidly experienced the isomorphic condition.

To examine hypothesis #5 (that subjects would demonstrate body-tilting during
acquisition of the joystick) the frequency of tilts per trid for 25 trids for each subject a
the 4-sded titration, 1-gded titration, and joystick mastery were examined. If a
frequency of body-tilts was found to be greater than zero then | concluded that tilting was
present. If tilting was determined to be present at criterion for joystick mastery |
examined the direction of tilts demongtrated when the goa was located right and |eft of
the monitor. This andysswas conducted using a one-tailed binomia test with apha st
at .05 to test the hypothesis that tilting would occur in the direction of god location and
not in the direction of required hand movements. The critical andysis of this hypothesis
was the examination of the tilting behavior of subjectsin the inverted condition.

Direction of god location and direction of required hand movement are the same in the

15



isomorphic condition but 180° opposed in the inverted condition. Thus, itisin the
inverted condition that it can be determined if subjectstilt in accord with the direction of

required hand movement or with god location.
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CHAPTER 3: RESULTS

All subjects reached criterion for joystick mastery in the initid condition. There
did not gppear to be adifference in number of tridsto overdl joystick mastery between
subjectsin the isomorphic and inverted condition (see Figure 3). Initidly experiencing
the isomorphic condition, Leo acquired the task in 2237 trids and Mickey did so in 3195
trids. Nick and Solo initidly experienced the inverted condition and they acquired the
task in 2483 and 3364 trias respectively.

Average proportion of trid spent tracking was calculated for each subject at each
titration criterion (see Figure 4). Three of four subjects sgnificantly increased their
visud tracking of the cursor from criterion at the 4-sided titration to that of joystick
megtery. Initidly experiencing the isomorphic condition, Leo maintained afairly
congstent level of tracking throughout acquisition (778 a 4-sded titration and .791 at
magtery). Also in theisomorphic condition, Mickey demongtrated a significant increase
from .029 at the 4-sded titration to .673 at mastery (p<.05). Initidly experiencing the
inverted condition, Nick demonstrated a Sgnificant increase in cursor tracking from .000
at the 4-sded titration to .900 at mastery (p<.05). Solo, dsoinitidly in the inverted
condition, increased cursor tracking significantly from .108 at the 4-sided titration to .535
at mastery (p<.05). Nick wastracking at .969 and Solo at .630 at criterion of the 4-sided
titration in the podt-reversal isomorphic condition (see Figure 5). Therefore both tracked
sgnificantly more & criterion for the 4-sided titration of the post-reversal isomorphic

condition than they did in the initid inverted condition (p<.05).
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Following reversd, Nick remastered the task in the isomorphic condition in 843
tridsand Solo did soin 327 trids. Therefore, both subjects that underwent reversal from
the initid inverted condition to the isomorphic condition mastered the task more quickly
after thereversal. Additionaly, both of these subjects mastered the post-reversd
isomorphic condition in fewer trids than did Leo and Mickey who initialy experienced
this condition (see Figure 6).

All subjectsin al conditions were found to demongtrate body-tilting (see Table
1). All subjects whilein the isomorphic condition were observed to tilt Sgnificantly
more in the direction of goa location than in the opposite direction (p<.05). Inthe
inverted condition Nick tilted sgnificantly more in the direction of goa location than in
the opposite direction for both directions (p<.05). Solo whilein the inverted condition
tilted Sgnificantly more in the direction of god location when the god region was
located on theright Sde of the monitor (p<.05) but not when it was on the left side of the
monitor (p>.05). Therefore, in three of the four series of tilting that were scored for
subjectsin the inverted condition, tilting occurred sgnificantly more often toward the
direction of god location rather than the direction of required hand movement (see Table

2).
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Table 1

Frequency of Body-Tilts per Trid

Subject Condition | 4-Sided Titration | 1-Sided Titration Mastery
Leo Iso 0 0.24 0.64

Mickey Iso 0 0.08 14
Nick Inv 0 0.48 0.88
Solo Inv 0 0.36 0.64
Nick Iso 0.44 0.28 1.04
Solo Iso 0.2 1.2 0.8
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Table2

Direction of Body-Tilts at Joystick Mastery

Subject Condition Goal Total Tilts TiltsTo
L ocation (in 15trials) Goal
Leo 1SO R 15 15~
L 22 19~
Mickey SO R 23 20 *
L 15 15*
Nick INV R 24 21*
L 33 30*
Solo INV R 16 16*

L 16 8

Nick SO R 19 19*
L 12 10*
Solo 1SO R 22 22*
L 13 12+

*=p<.05
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CHAPTER 4: DISCUSSION

All four subjects achieved criterion for mastery of the joystick. Thus, these tufted
capuchins can learn to manipulate ajoystick to direct a cursor on avideo screen. This
confirms previous findings that cgpuchins can utilize joystick-testing systems (Filion &
Fragaszy, 1997; Jorgenson, Hopkins, Washburn, & Suomi, 1993). Magtery of thisskill is
an impressive feat due to the complex nature of thistesting system. Firgt, the animas
must overcome the digointed setup of the testing system.  Subjects must learn to
manipulate ajoystick in one region of space while monitoring the resultant digplacement
of acursor on avideo screen that is patialy displaced from thejoystick. Thislack of a
visua connection or direct contact between the joystick and cursor makes this task quite
unlike that of any faced during the daily routine. A second complex feature of the
joydtick testing system is that the subject must learn to manipulate ajoystick that exigsin
three-dimengond gpace while monitoring the resultant cursor displacement on atwo-
dimensona computer screen. Again, this setup is unlike any Stuation faced in thelr
daily lives

Despite these complexities, these animas can acquire thistask. Additionaly, not
only do they master the task in the isomorphic condition in which joystick movement and
cursor displacement are directionaly locked, but these animals can aso master the task
when the joydtick is rotated 180° (resulting in cursor displacement in the opposite
direction of joystick movement). Contrary to my hypothess, the animas that initialy
experienced thisinverted condition mastered the task in a comparable number of trids as

the animalsin the isomorphic condition. This suggests thet the directiond rationship
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between joystick moverment and cursor displacement does not affect rate of acquisition.
Thisfinding is contrary to work done with both human aviators and that of researchers
utilizing joydtick-testing systems that suggest that an isomorphic relaionghip facilitates
learning (Poulton, 1966, 1974). These findings therefore lend support to an associative
viewpoint of the learning of directiond relationship between physica action and resultant
object movement. In other words, dl directiona relationships between action and
resultant motion should be learned in comparable numbers of trids. This could be tested
directly in these subjects by again dtering the joystick/cursor directiond relationship by
rotating the joystick 45 or 90°.

Visud tracking of the cursor was found to covary with skill development.
Consgtent with my hypothesis, three of four subjects demongtrated a significant increase
in cursor tracking from mastery of the 4-sided titration to joystick mastery. The fourth
subject was observed to track at arate comparable to that of the other subjects at joystick
mastery when attaining criterion for mastery of the 4-sded titration. This subject
maintained this level of tracking throughout skill development. Therefore, this subject
was tracking at a high rate beginning from attainment of criterion a the 4-sded titration
and across acquisition. These results support Schmidt's (1975) emphasis on the
importance of bringing in information from one's environment while learning askill. By
tracking the cursor's movement on the screen, subjects could learn of the control of the
cursor by the joystick and the directiond link between them.

The two subjectsinitidly exposed to the inverted condition underwent areversa
following ther mastery of the task in the inverted condition and were made to re-master

the task in the isomorphic condition. Since knowledge of the joystick/cursor reationship

26



27

was dready in place prior to thereversd, | expected these animasto track sgnificantly
more at mastery of the 4-sded titration post-reversd than they did initidly in the inverted
condition. My findings supported this hypothess. Thus, once an animal learned to use
the information provided by the computer screen he continued to do so, evenif critica
task parameters where atered.

Following the same line of reasoning, | hypothesized that subjects that underwent
the reversa would master the isomorphic condition in fewer trids than they did the
inverted condition and in fewer trids than it took the subjects initidly assgned to the
isomorphic condition. My findings supported this hypothesis. Subjects that underwent
the reversd mastered the isomorphic condition in fewer trids than it took them to master
the inverted condition and fewer trials than it took those animals exposed only to the
isomorphic condition. Therefore, not only are these animas retaining the behavior of
cursor tracking when task parameters are changed but they are dso retaining other
knowledge previoudy gained about the task. By retaining this knowledge post-reversd,
the animals are able to re-madter the task in fewer trids than their initid magtery of the
inverted condition and than that of subjects facing only the isomorphic condition.

A more complete view of the retention of key task components following
dteration of task parameters would have been provided if | had not only reversed the
directiona relationship between joystick and cursor for those animasinitidly in the
inverted condition to the isomorphic condition, but also made those animds that initidly
mastered the isomorphic condition re-master the task in the inverted condition. This
second reversal was not conducted because of the fact that these animals were to be used

in anumber of sudies usng the joystick-testing system and it was thought that this



reversa to the inverted condition and subsequent return and re-mastery of the isomorphic
condition would significantly delay the participation of these animasin these other
sudies for quite sometime.

Consgent with the findings of Filion, Rogers, & Fragaszy (1998), dl subjects
demongtrated a posturd tilt of the body while mastering the use of the joystick. | then
wanted to determine which factor of the task (goa location or direction of joystick
movement) governs the direction of thetilt. The critica test to distinguish between these
two factors was made by examining the tilts of subjectsin the inverted condition. In this
case agod located on the right of the monitor would require a hand movement on the
joystick to the left. Thus, these two factors would lead to prediction of tiltsin opposite
directions. Inthree of the four cases (2 inverted animas x 2 directions of god location)
the subjects tilted sgnificantly morein the direction of god location than direction of
required joystick movement.

Literature on posturd body-tiltsin skill acquisition or performance appears to be
minima even though this behavior can be observed in anumber of everyday situations.
For example, consider the body-tilt that occurs when a bowler watches the bdl traverse
the lane, when a golfer strikes a putt and watches it move to the cup, after atennis player
drikes a shot that is goproaching the boundary lines, or even when achild isplaying a
video game. All of these Stuations, aswell as the one | addressed here, share one key
commondlity: that the tilt occurs when the actor is out of direct physica contact with the
object that he or sheis acting upon. In the case of the bowler, thetilt occurs after the ball
has |eft the hands and asiit is gpproaching the pins. It gppearsthat the tilt occursin an

attempt to steer the ball away from the gutters and toward the center pin. For the golfer,
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the tilt occurs after the club strikes the ball and asit is moving to the cup. Inthiscase, it
seems that the tilt occurs in amanner consistent with an attempt to steer the ball into the
cup. A smilar stuation occurs with the tennis player. Thetilt occurs after striking the
bal with the racket asit is moving out of bounds, thus appearing that the player is
attempting to direct the ball to drop insde theline and not sail beyond. Findly, inthe
case of children playing video games and monkeys learning to utilize ajoystick to control
acursor on ascreen, | believe thetilt is an attempt to control a situation in which they do
not see adirect physica connection between action and target object. Just asin the
gporting examplesin which thetilt is observed to occur after contact with the object but
while waiting for the find outcome, the same gppears to occur in tilting with video
systems. The subjects or players can act upon the joystick to control movement on the
screen but are not directly displacing the cursor physicaly (by placing their hand or
joystick directly onit). Therefore, | believe that body-tilting in skill deveopment and
performanceis areflection of the spatidly digointed nature of the tasks. The tilt occurs
when the object receiving the action is out of direct physical contact of the actor and prior
to movement outcome.

To test the notion that tilting reflects alack of direct physica control of the object
acted upon a the time of outcome, one might examine skill acquisition using three
versions of computer-mediated testing systems. | would first want to replicate my results
in naive animas usng the joystick-mediated system. Second, | would want to seeiif
tilting is a0 present in animals learning to control a cursor on a screen using arollerball
interface. This system would present the subject with the same form of spatia

displacement of action from outcome thet is present in the joystick-mediated system.



Because of the smilar nature of the joystick and rollerball systems, | would expect tilting
to be present in subjects mastering and utilizing the rollerbal system. Findly, to test that
it isthe digointed nature of the system setup that governstilting behavior, | propose to
train naive subjects to use a touch screen system to bring a cursor in contact with agoa
region. Since this system would adlow for direct action upon the target object aswell as
direct physical control a time of outcome, | believe that body-tilting would be absent in
subjects magtering this paradigm.

The joystick-mediated testing system provides a unique and interesting paradigm
with which to study skill acquistion. Although the nature of the system is unlike that of
skill traditionally addressed by theories of motor skill acquisition we do see that key
concepts of theories, such as Schmidt's (1975) Schema Theory, can be applied to the
development of this kill. 1 have confirmed the finding thet tufted capuchins can master
use of the joystick-mediated system. Additiondly, | have found that contrary to previous
joystick research and studies on human aviators, the directiond relationship between
joystick movement and resultant cursor displacement does not affect the overdl rate of
skill acquigition. | dso determined visud monitoring of the cursor on the computer
screen to be essentia for skill mastery. Once this aspect of the skill is acquired, subjects
continue to utilize it, even if key parameters of the task are dtered. Along the same lines,
those animas that underwent areversal in the joystick/cursor relationship were observed
to re-madter the task in agreetly reduced number of trids than their initid performancein
the inverted condition and than the performance of animas that only experienced the
isomorphic condition. Thus, these subjects retained knowledge of key task components

and utilized them following reversd. These examples of being able to use experience
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with atask to solve new problems is consstent with Schmidt's (1975) theory. Findly, |
found that when performing this task, these animals demonstrate a pronounced tilt of

their bodies. Thistilt was observed to occur more often in the direction of god location
and is not necessarily related to the motoric demands of joystick manipulation. | propose
that the presence of this body-tilt in skill acquisition and performance is due to the
gpatidly digointed nature of the testing sysem. Thus, thetilt is areflection of the
subject's lack of direct physica contact with the object and target a time of outcome. |
propose to investigate this hypothesis with further research using both thisjoystick-
mediated testing system as well as other interface systems such asthe rollerbal and

touchscreen.
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APPENDIX A: A REVIEW OF THE LITERATURE

Part I: In recent years, the rise of technology has seen the utilization of
computerized testing systems as a means of ng cognitive abilitiesin both humans
and non-humans. Specifically, computerized systems in which the subject controls task
outcome through the use of ajoystick have been used to determine psychomotor
functioning. A body of research is currently emerging which supports the use of these
computerized testing systems, and emphasizes their advantages over the previoudy
widely accepted testing paradigms used to assess this type of functioning. Here, | address
the benefits of joystick-mediated computer testing systemsin ng psychomotor
functioning and discuss a number of tasks completed by non-human primates utilizing
thistegting paradigm.

The computerized test system (CTS) used in this study was developed at the
Language Research Center (LRC) of Georgia State Universty (Richardson, Washburn,
Hopkins, Savage-Rumbaugh & Rumbaugh, 1990). The system presented to the subject
consgts of amonitor and joystick. The system’s software alows for the presentation of a
wide variety of tasks to the subject. Nor-human primates can be tested using this system
in their homecages or while contained in atesting cage positioned in front of the
agoparatus. Manipulation of the joystick by the subject provides the sole control of task
outcome therefore task progression is dependent on the subject. Thus, while the
experimenter has agreat deal of control over the testing parameters, the subjects control
of the rate of testing helps to avoid fatigue effects and bias on the part of the

experimenter. Data from each trid are automatically recorded by the compuiter,
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preventing countless hours of data transcription as well as ease in monitoring subjects
progress (Richardson et a., 1990).

One important benefit of the CTSisthat it can be used to test psychomotor
functioning in awide variety of species. This characterigtic of the system provides the
opportunity for comparative research on the development and performance of these kills.
It has been demondtrated that humans, chimpanzees, orangutans, bonnet macagues,
rhesus macagues, baboons, squirrel monkeys, and tufted capuchins can utilize this testing
system (Andrews, 1993; Andrews & Rosenblum, 1993; Filion & Fragaszy, 1997,
Hopkins, 1991, Jorgensen, Hopkins, Washburn, & Suomi, 1993; Richardson et a. 1990;
Vauclair & Fagot, 1993).

Another benefit of CTS isthat it offers enrichment to captive animas while
providing this valuable data on psychomotor skill ability (Rumbaugh, Washburn, &
Savage-Rumbaugh, 1989). The tasks provide complex problemsto be solved in an
environment that typicaly does not afford such cognitive chalenges. Animas have been
seen to utilize the CTS in their homecages when experimenters are not present and have
been observed to continue testing after food rewards have run out. Thus, animas may
find the tasks to be inherently rewarding and therefore may gain enrichment from their
avalability (Washburn, Hopkins, & Rumbaugh, 1989).

CTS dso provides a means by which many skills can be tested in the laboratory
that otherwise might not be tested and avoids biases discovered in performance with
traditiond testing systems. Specificadly, the CTS has been used to address trgjectory
prediction, tracking behavior, planning, and relaiona and conceptud learning (Filion,

Washburn, & Gulledge, 1996; Washburn & Rumbaugh, 1991; Fragaszy, Johnson-Pynn,



Murnane, Menzel, Brakke, 2001). Unlike three-dimensiond testing paradigms such as
the WGTA, CTS presents the subject with two-dimensiond representations of stimuli.
The subgtitution of three-dimensond stimuli with those of two dimensions may help to
avoid object preference bias that has been noted in subjects performance on WGTA
(Filion, Johnson, Fragaszy, & Johnson, 1994). Taken together, these points demonsirate
that the CTS has proven to be a beneficia and efficient method of addressing
psychomator functioning, specificdly in the non-human primates.

Thefirg task of the CTS system isajoystick acquisition task known as SIDES
(Rumbaugh, Washburn, & Savage-Rumbaugh, 1989). The SIDES task provides a means
by which to monitor the development of this skill while alowing the subject to progress
a itsown pace. Thetask congsts of an areaon the margin of the monitor thet is
highlighted which represents the god region. The subject must manipulate the joystick to
bring the cursor in contact with the highlighted region. Successful completion of atrid
resultsin the presentation of afood reward. The task begins with dl four margins of the
screen being highlighted.  After the subject successfully completesfivetrids the god
areatitrates down to three highlighted margins of the monitor. With increasing maegtery,
the titration continues with two margins, one margin, and three god regions conssting of
adecreasing length of a Sngle margin of the monitor, known as 1A, 1B and 1C. Goal
regions are randomized for position on the margins so as to prevent the development of
directiond biases. When a subject experiences difficulty with a particular titration, the
program adds an additiond margin in the next block of tridls. Thus, the program titrates
the area of the god region dependent upon the success rate of the subject (Rumbaugh,

Richardson, Washburn, Savage- Rumbaugh, & Hopkins, 1989).
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Following mastery of the joystick viathe SIDES task, subjects are then run
through the remainder of the CTS battery of tasks (Richardson et d., 1990). The next
task isknown as CHASE. The CHASE task requires the subject to bring the cursor in
contact with a moving target, therefore ng the subject's capacity for trajectory
prediction. After attaining mastery of the CHASE task subjects are presented with atask
known as PURSUIT. PURSUIT issimilar to CHASE in that the subject must bring the
cursor in contact with amoving target, but the PURSUIT task requires the subject to keep
the cursor in contact with the target for an extended period. Thus, the PURSUIT task
requires not only the skill of trgjectory prediction but dso develops the subject's ability to
track the target. Following completion of these tasks, subjects can be presented with a
wide array of tasks testing avariety of skills. One such task isknown as LASER
(Richardson, 1990). Inthe LASER task the subject has to shoot projectiles from a
dationary turret at the moving target. The subject can control the trgjectory of their shots
with the joystick and can aso abort faulty shots before they miss the target. Subjects
have also been tested on a number of maze tasks where the goal region is blocked from
the cursor by an increasing number of walls (Fragaszy, Johnson-Pynn, Murnane, Menzd,
& Brakke, 2001). The subject must therefore navigate the cursor through aleywaysto
bring it in contact with the god region. Findly, subjects have also been presented with
discrimination tasks, learning set tests, and match to sample problems and comparable if
not improved success rates over traditional three-dimensiond testing paradigm of WGTA
have been demonstrated (Washburn, Hopkins & Rumbaugh, 1989; Washburn, Hopkins &

Rumbaugh, 1991; Washburn & Rumbaugh, 1991). Thus, thistesting system providesa
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successful dterndtive to traditiond three-dimension testing procedures for assessment of
these psychomotor and cognitive abilities.

The manipulation of ajoystick to control task outcome by human and non-human
subjectsis an impressve motor skill. Unlike working these problemsin three dimensions
aswith the traditiond WGTA, the joystick system adds another level of complexity to
these tasks. The nature of the CTS system is such that the subject is displaced from the
task god. Subjects must manipulate the joystick in one physical areato cause movement
of the cursor to agod region in another area of the visud fidd (i.e. the monitor)
(Rumbaugh, Richardson, Washburn, Savage-Rumbaugh & Hopkins, 1989). Therefore,
unlike working in three dimensons asin the WGTA, the subject never comesin physica
contact with the god region. Subjects encounter the additiona trouble of learning to
make amotor movement of the hand on the joystick, an action that occursin three
dimengons, while monitoring the results of this movement on atwo-dimensond
computer monitor. Utilizing this three-dimensond/two-dimensiond interface is not only
acomplex problem, but is one that is quite nove to these subjects.

The question subsequently arises: how do subjects learn to manipulate a joystick
to achieve agod that is digplaced from them and present only in two dimensonswhen dl
life experiences have involved direct action on objectsin three dimensons? To answer
this question we must come to understand the nature of this motor skill by documenting
its development. Although abody of research on joystick-mediated tasks has been
developing in recent years, there is dtill akey deficit in thisliterature. While performance
on these tasks has been documented, acquisition of the motor skill of joystick control has

been largely ignored. The purpose of this experiment conducted with tufted capuchinsis



to track the development of joystick proficiency (rate of acquisition) between two
joystick/cursor relationships (isomorphic and inverted) and to examine the devel opment
of two behaviors with increasng mastery (visua tracking of the cursor and body-tilting).
In sum, the use of computerized testing systems to address psychomotor
functioning has risen in popularity in recent years due to its numerous benefits over more
traditiond testing systems.  These benefitsinclude the possibility for comparative
andysis between species on awide variety of tasks, cognitive enrichment for |aboratory
animas, subject-paced task administration, as well as ease of data recording and progress
monitoring. Research conducted using these systems has demonstrated a number of
abilities in non-human primates induding joystick proficiency, trgjectory prediction,
manud tracking, object discrimination, learning set formation, and maze completion.
Examining the acquisition of psychomotor skills such as joystick proficiency, as that
necessary to utilize a computerized testing system, offers investigators an opportunity to
determine key aspects of the task which must be attended to as well as behaviora
markers which develop with increasing proficiency. Documenting the acquidtion of this
unique skill of joystick proficiency will serve in the determination of atheory of il

development that addresses the acquisition of such multi-component skills.

Part 11: Perceptud motor skills became atopic of interest within the field of
psychology early last century (Schmidt, 1975), but it was not until the 1970's that the first
theoretical claims were being made by researchers of motor learning as to the acquisition
of such sills (Dickinson, 1985). These early theories of motor skill acquisition focused

on discrete tasks in which the performer worked the task within the three-dimensond
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world and acted directly upon the target either with their body (pressing alever) or with
another object (hitting a baseball with abat). In the decades since the conception of these
classc theoriesawide array of new tasks have devel oped due to human technologica
advances. For example, humans now interact daily with anumber of computerized
pieces of equipment that require new motor skills, such as usng ateevison remote
control, operating a computer mouse, typing on akeyboard, diaing acdl phone, or even
using ajoysick to play avideo game. These new skills are quite interesting in that their
nature is quite different from those motor skills addressed by the traditional theories.

Perhaps the most pervasive of the early theories of motor skill acquisition wasthe
Closed-Loop Theory, proposed by Adams (1971). Thistheory made claim for the
presence of two memory states that develop as movements are learned. The first of these
memory states is the perceptual trace that indicates the correctness of movements as
learned from feedback in early practice trias with particular tasks. Thus, the perceptua
trace provides the subject with the knowledge of the requirements of the task. This
perceptua trace is then compared to feedback during movementsin order to alow for
error adjustments to be made. It isthis comparison and dteration of movements that
givesthe theory its name. The second memory state, known as the memory trace, is
respongible for selecting the gppropriate movement from an infinite catalog of known
movements and then initiating it. Therefore, the memory trace selects the movement
appropriate for task completion and the perceptud trace monitors the progress of that
movement in ataining the god (Dickinson, 1985).

The problem with this notion of motor skill acquisition isthat it supposesasingle

solution to the task. It isevident from just casud observation of joystick usersthat



manipulation of the joystick to direct the cursor can be accomplished in awide variety of
ways, and subjects may not be consstent in their methodology over time. For example,
the joystick can be manipulated with different parts of the body and/or the cursor can be
directed to the god dong anumber of equaly effective and efficient paths. Another key
flaw in the gpplication of thistheory to the task of joystick manipulation is that it seems
to ignore the early stages of the learning process. The theory does not address the early
chain of associations that must take place to discover the god of the task. In addition,
acquisition of thistask requires the discovery of the directiona relaionship that exists
between joystick movement and cursor displacement. Thus, in order to select the
appropriate joystick movement for task solution a complete understanding of this
relaionship must be present. Adams (1971) does not addressthislevel of processing in
his theory.

Seen asafollow up to Adams (1971) Closed-Loop Theory, Schmidt (1975)

proposed his Schema Theory. The schematheory proposes the presence of two memory

systems, arecal schema and arecognition schema. Schema are defined by Bartlett
(1932) to be storage mechanisms conssting of generdizations, and it is from these
generdizations that fine detail can be reconstructed. The recal schema isthe system that
stores agpects of amovement. Schmidt clams that there are four key aspects of a
movement. Thefirg of these movement aspects are theinitia conditions. Theinitiad
conditions of a movement are stored before the start of the movement and include
information on the pre-response gate of the muscles and the other sensory information
present within the environment. In the case of joystick usage, the anima would store the

dtate of their muscles asthey hold the joystick as well asthe visua information present
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on the screen prior to movement initiation such as position of cursor and target. The
second aspect of movement that must be stored are the response specifications. This
aspect is stored at the very start of a movement and includes information regarding the
command that was sent to the muscles about the angle and force of muscle movements.
When beginning ajoystick movement the animas will store the muscle command of

hand movement used to manipulate the joystick to record the angle and force of the
movement. The third aspect of movement in the recall schemais the sensory
consequences. Thisinformation is received during the movement. Thisisthe direct
sensory feedback from the eyes, ears, proprioceptors, etc., that is received while the
movement takes place. Injoystick manipulation, the subject would store such
information as the images of the cursor moving on the screen, the noises of the testing
procedure, and the position of the body. The fina movement aspect deds with response
outcome. Thisiswhen the actud outcome of the movement is determined and compared
to the desired outcome. With the joystick task, thisinformation would come in the form
of actua location of the cursor in relation to the target versus desired location of the
cursor in the target.

These four agpects of movement are held in temporary store by the recall schema
while relationships among them are learned. Each movement or trid in ajoystick task
provides dight modifications to the relationship between these aspects. Schmidt clams
that by dightly changing the requirements of the task on atria (put target in new
location) thet this variahility in the task will creste amore generdized rdationship
between these factors that can be more effectively gpplied to new stuations. Asthese

relationships are learned, they are transferred from temporary to permanent store.



The second system of thistheory is the recognition schema. It isthis schemathat
pullsinformation from permanent store to be used in the prediction of object movement
and to solve nove problems. This schemaaso playsavitd rolein that it isin charge of
monitoring progress while movements are being made. The recognition schema
compares the movement' s outcome with the desired outcome in a feedback process and
will command dterations to the movement as necessary. Therefore, it isthis schemathat
in joystick testing alows subjects to monitor their progresswithin atrid aswdl asto
ded with target/cursor configurations that they have never seen before.

There are severa assumptions of theory. Thefirgt of these assumptionsis that
animds have the mechanisms of temporary and permanent storage. 1t aso assumes that
these storage mechanisms are available for use in feedback systems. A find and perhaps
key assumption of thistheory is that relationships once formed can be modified. Unlike
previous motor models that claimed that each movement and result is stored
independently, Schmidt (1975) emphasized a relationship between aspects of movement
and believed that this relationship can be dtered with experience.

There are a number of strengths of Schmidt’s (1975) theory that made great
advances to the way researchers think about motor learning. One of these key successes
is his solution to the novelty problem. As previoudy stated, prior researchers such as
Adams (1971) believed in the storage of individua movements. Schmidt’sideaof a
relationship between movement aspects provided an explanation of success on novel
trids. A related problem solved by thistheory dedlt with storage. Schmidt’ s theory
removed the problems of potentia overload due to storage of individua movements as

suggested by Adams (1971), by storing the relationships among movement aspects this



decreased the demand on storage. Thistheory aso dedt with the problem faced by
earlier theorigswith “errors’. Adams (1971) believed that all errors were detrimental to
learning. Schmidt’ s theory on the other hand alows errors to occur and to provide
information thet is critica to the establishment of boundaries within the feedback system
aswdl as provide informetion for the relationship of movement aspectsin the recal
schema

Perhaps the areas of Schmidt’ s theory that have triggered the most empirica
testing are the ideas of variable practice and pogtive transfer. Schmidt clams that
practice of amotor movement under variable conditions creates a more generdized
relationship of movement aspectsin the recall schema and that this generdized
relationship can be used to solve new problems. Researchers have demonstrated that
under variable practice you will perform better at the test (even if you have never
performed under the conditions of the test in the past) than if you had only trained at the
conditions of the test. Research on positive transfer aso supports Schmidt’ stheory in
that performance is better on related tasks due to prior experience; in other words, the
subject is transferring knowledge of movement from one Stuation to another. Overdl, |
fed that Schmidt’ s theory made huge steps for the field of motor learning and its
goplications are far reaching including providing aframework for the acquigtion of the
joystick.

One contemporary theory of skill acquisition that frames the mastery of the
joystick quite well was proposed by Daniel Willingham (1999). He States that there are
four processes supporting the development of motor skills. First, the subject must

determine the god of the movement; thisis known asthe strategic process. Thisisa



complex process for nor-human subjects firgt presented with the CTS system. Unlike
presenting a human child with ajoystick and telling them to move the cursor to the
highlighted area of the screen, the non-human subject has alarge number of task
parameters to discover before reaching this phase. Firgt the subject must become
accustomed to the mere presence of the system. Next, the subject must determine that
manipulation of the joystick resultsin reward ddlivery. The subject then must learn to
attend to movement taking place on the monitor. What appears to be the most difficult
gep in acquisition for non-humans is devel oping the connection between physica
movements of the joystick and resultant movements on the monitor. Thus, the subject
must learn the features of control. After these connections have been made, only then
can the subject learn the god of the task presented, to move the cursor to the highlighted
region. Therefore, thisfirst process of motor skill acquisition for joystick proficiency can
serveto be quite difficult for non-human subjects.

The second process of motor skill learning according to this theory is perceptud
motor integration. This process requires the subject to determine movement targets or
reference points that will lead to god achievement. This information must then be
integrated with god information and learning becomes necessary when the relationship
between these is changed. It is assumed that non-humans presented with the CTS system
meake this integration through practice with joystick manipulation after making the
determination of joystick control over cursor movement and goal identity.

The third process, known as sequencing, involves the ordering of these spatid

reference points of movement in such away that the god will be achieved. In the case of
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joystick manipulation, this would occur when subjects learn directiona control of the
joystick to direct cursor movement to the godl.

Thefind process of motor skill acquigition isthe dynamic process. This process
involvesthe learning of a pattern of muscle firing to direct gppropriate movements. Here,
this would involve refining control of joystick movements in order to direct the cursor to
any location on the monitor. These processes in place, the subject will atain mastery of
the joystick.

There are two proposed modes in which these four processes of motor skill
learning can develop (Willingham et d., 1999). Thefirgt of these modesisthe
unconscious mode. It isin the unconscious mode that the subject is aware only of the
environmentd god. In the case of the motor skill of joystick manipuletion, this
environmenta goa would be the desire of the subject to place the cursor within the
highlighted region to obtain afood reward. The second mode, or the conscious mode,
consgts of the development of strategic processes by which to attain thisgod. Thus, the
subject selects the necessary spatial targets for movement, sequences these behaviors
appropriately, and learns a pattern of muscular action sufficient to attain the god. Itisin
the conscious mode that joystick users learn joystick movements, patterns of directiond
control, and refine this control to attain the god under awide variety of circumstances.

While the theory of Willingham (1999) can nicely describe the process that we
assume to be developing during skill acquisition, the theory derives no specific
predictions as to what we might observe in our subjects. Therefore, while it describesthe

mental associations that must occur in skill development and performance refinement, it
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does not provide us with testable hypotheses as to how behavior markers will change
during acquisition.

Thus, the acquisition of the joystick is an interesting skill to examine and warrants
my investigation. Not only is the nature of this skill quite unlike thet of those
traditionally addressed by researchersin thisfield but it dso forces usto revise and
remold both classic and contemporary theories of skill acquisition. In my study | will
focus on three main variables (rate of acquisition, visud tracking of the cursor, and body-
tilting) and monitor how they change during acquisition in two different testing
conditions (isomorphic and inverted joystick/cursor directiona relationships). | planto
use the predictions of Schmidt's (1975) Schema Theory aswell as the observations of
previous researchers to develop my hypotheses as to how these animals will acquire this
skill. Coming to better understand how this skill develops will lead to increased
understanding of this skill in humans as wdl as shed light on how and with what
modifications theories of skill acquisition can address the numerous computerized tasks

that have become important in our daily lives.



