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- . ABSTRACT . -

“Two . experiments were conducted in order{t# compar% characteristics
s St

“of single aiming and reciprocal rapid aimin/ tasks. It was hypothesized

/ e

that the two movement classes,‘reciprocal ahd single aiming, differed

in the demands’ they placed on attentional processes. The result of this-

K

prOposed difference in attentional demand was thought to account for
"the observationvthat the performance of reciprocal tapping tasks was
t_predicted by Fitts (1534) Law while the performance of single rapid
) aiming movements was not Conversely, performance of . single aiming
'tasks was predicted by the Schmidt\et al (1978 1979) formulation

,which could not accomodate reciprocal tasks. Experiment One provided
o |

”;some evidence to support the theory that. when subjects operated
below the capacity of the motor processing system the performance

'characteristics of the aiming movements whether 31ngle or’ reciprocal
S .

L may be predicted by the Schmidt et al formulation. When subjects

:operated beyond the capacity of/the motor system then characteristics-;‘;;

‘)of the aiming response ma be redicted b Fitts Law. Ex( eriment Two
_ Y P A \ v P

. \ -
was an attempt to manipulate the demands placed on a subjects attentionv

: when performing a reciprocal movement aiming task. The”object of the

T

o experiment was, to demonstrate a: move from situations predicted by the .

Schmidt formulations to situations predicted by Fitts Law~as demands

'on attention in the reciprocal mOVement task increased Due to

s U

y methodological problems thig experiment failed to proyide usefnl data. "

v .

oy

AA'iV 4,"ff‘
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The earliest mathematical relationship between the speed and

accuracy of movement was provided by Fitts (1954). Fitts demonstrated

experimentally that movement time (MI') was a linear funcgion of the '

index of difficulty (ID) which was defined in information termy as:

@

log, 2A/W

-~

A\
where A was the’amplitude of movement and W the width of the aimed for

target, This relationship, celebrated ds Fitts' Law; accomodated data
from numerocus experimental sources (Knight & Dagnall, 1967; Fitts & -
- Peterson, 1964; Fitts & Radford, 1966). Altbough attempts were made .
to“improve opon Fitts"equation, none resulted in eny significant

“'change (Welford, 1966)..Stated simnly, Fitts proposed that if movemente
of average anplitude were speeded up then each movement could nrovide
lese 1nformation and, as a result, movement,variability would be’

increased by a specified amount.

i ‘
A\

.Crossman and Goodeve (Note 1) and 1ater‘xeele (1968) put forﬁardk

a theory to account for Fitts' findinge. In this theory the authors

proposed a eystem of wmovement control besed on the continued monitoring‘
-of feedbagk information and_the subsequent issuance of movement

. %, - . o ) ) . :
corrections. However, research aimed at examining movement patterns for
y p .
:evidence of corrections was equivocal Annett Golby and Kay. (19580_/

and Brown and Slater-Hammel (1949) demonstrated the presence of \

&

: movement corrections, while Langolf, Chaffin and Foulke (1976), in a
'microminieture task, failed to uncover evidence‘of within movenent
corrections. Furthermore, the theory of ﬁeedback control could not

accomodate movements which were completed within a simple reaction

“time. Such,rapid movements allowed‘insufficient time for processing of

feedback in}ormation and the_Subsequent issuance of corrections based

El



on thimkinformntion (Hick, 1952, Qulfurd, 1952, Schmidt, Zelaznick,
Hawking, Frank and Quinn, 1979).

' Howarth and Beggs (1970) and Beggs and Howarth (1972) proposed
a visually médiated intermittent feedback mechanism as the basis for
the control of aimed movements. They proposed that the error on target
was related to the velocity of limb movement during the terminal
phases of the movement. Error on target was thought to be proportional
to the distance from the target at which the last correction was made,
Héwever, the theory was equally unable to 8c§0unt for movements

o

completed within one reaction time, ;
\
~ Schmidt et al (1978, 1979) proposed an alternate theory based
on the observation that the motor system appears to be contaminated
by noise, (with;n subject variability). They proposed ﬁhatlthis’
variabilityrwas related to paraﬁeters'of the movement i.e. amplitude
and‘sﬁeed. Central to the theory was the notion that moveméntsAc%Fld
be cenfr§ily organized by a motor program wﬁich,‘when executed, could
complete. a mo§ement without the involvement of peripheral féedback.
The Séhmidt tﬁeory related the variability in target accuracy,
effectiyé target width (Wp), to the within subject variability of
Vélocity, at the end of acceleration. Schmidt reasoned that if
merment vélocity was directly proportion;l to the maghitude of the
iﬁiulsive forces, then variqbiiity in movement velocity must also be
pro#qrtional to the va;iébility of the impulsive fofces.'Therefore,
‘as ﬁovement velocity‘increased, variabi}ity iqvghe magnitude of tﬁe

impulsive force and the time over which the force was acting also

increased. This resulted, accordihg to Schmidt,'in greater error in



= jachieVing th aimed for target

S : S |-

T

The‘basic statEment of the model is given by..f

- "v e \ ':_.. v- -. . » ﬂv‘ » . W A/L‘T |
“»This formulation seems to describe rapid movenerits, (1ess than 200

;l'msecs duration) but cannot account for slower movements of longer ;v‘,
"’ﬂf~duration. The lack of a single formula which accomodated both rapid .j

land slow aiming movements prompted Klapr (1975) to suggest that

'1;i-movements of long duration were under feedback mediated control while '

- I : : : . S

-

’”nfrapid short duration movements required control by motor programs.i

Much evidence favoring the central control of movement was- based

"Zwon the observation that responses to feedback information were often

klfﬁin excess of the duration of many movements (Lashley, 1951 Keele,

‘tl};1968 GleTtross, 1975, 1977 Keele & Posner, 1968) Lenneberg (1967)

l?argued that the many hundreds of coordinated muscular movements h’
“ﬂ:required in the production of a relatively few seconds of speech could'

*,nnot be under feedback mediated control Taub and Berman (1968) studied?

~

,.\

| :lythe performance of gross movements in rhesus monkeys following

'dhlflimbs in a reasonably coordinated manner following deafferentation.s

deafferentation of the monkey s limbs (surgical elimination of afferent

'feedbackr Taub and Berman found that monkeys could use~deafferented

SoLe L

A’:Easzlo (1967 1968 1969) duplicated the results of Taub and Berman\,U”:

in'human subjects by employing ischemic nerve block techniques.jr :'\

"\_}However, doubts about the complete effic1ency of such techniques

'”%i(GlencrOSS & Oldfield 1975) cast doubt on the 1mportance of such '

AN

researCh o
.bgh fWhilefmuchfevidendefhas*been cited;ﬁo=faVour'centrally:programmedQ‘L

d'v ‘,



execution;

[N . * : . . . . L '1 . e .

. and helght were independent They oostulated that 'dvement time~was§ax

. magnitude and duration of the accelerative mpulse.iSuch :

l would predict that if a mass was added to a| Ximb fo

short of the aimed for target. This would b‘ due to

“4.

e control of movement the importance of feedback information cannOt be

Vaer "

: discounted Smith (1962) reported.that deafferented specimens douldf

. make only jerky uncoordlnated movements in the absence of eedback

ulnformation. Fine graded manipulative movements Were not/possible.. .

r"/l‘ Y - . i
Glencross (1975) believed that even cendrally ge erated movements must

Y _l A.v’_ /

'Hbe,integrated‘with peripheral.Sensory»infqrmati0"atgsome.stage of _

R TR R
il P
I o

In order to examine p0531b1e,programmed featu es/ of movement Kelso
. v / : L
Southard and Goodman (1979) employed a simultaneo s Fwo handed movemen1

paradigm They found that movement time was commo do both handsi‘;

) ', ,i_’

(as measured by between hands correlation) while m vemeng amplitude

determiner of W 1.; e *:.'_ S u,/w o f L
& Ry | iy
Schmidt et al proposed that movements cWhld be-vrogra

I - ’ AR
. Lt L

L advance ahd that certain parameters of the rogram pec1f ed the

theory v

1owing the ,Mgl.w
1.

initiation of ‘a- programmed rapid movement that the limb would fall

gv‘

the inability of’f



‘,dtl'the.system‘to'modify thelparameters’of:the.programcuntil the?movement_
had been completed Damaging evidence’to this position wasvpresentedw{”y
by Bizéi Polit and Morasso (1976); B1221 Dev, Morasso and POllt
(19755 and Polit and Bizzi (1979) Examining movement control in p
normal intact and deafferented monkeys they demonstrated that addition

l o

‘ ~of mass to a. limb following initiation of a movement did not alter the,r‘:g
‘,*\ D St . . a3 :

o accuracy of : the movement in either normal or deafferented specimens.;
Furthermore, displacement of the limb prior to the initiation of the e

movement did not. affect the resultant accuracy of intended movement in

v'ihdeafferented spec1mens, even 1f the displacement carried the limb

S TR : R AR Y S T e sy
o beyond the target.. N A”f__"f*f‘f% ,f:f*“"‘_gu' h‘;. f "'{_“j"’
It was subsequently proposed that the endpoint of the movement was S

"‘},achieved by the specification of a set of length and tension pdrameters

s

v in agonist and antagonist muscle groups._These defined an equilibrium ;;[fi;
point between agonist and antagonist muscles which correctly
positioned the llmb 1n relation to the target This mass—spring

: RS S =
' -view of movement control was first proposed by Bernstein (1967) and

'{tlater by Crossman and Goodeve (1963) It can be interpreted as. a i
/- : _
"q'systemehich displays von Bertallanfy s (1973) principle of

*1eq'ifinality.» B
While damaging to the Schmidt theory Bizzi et al (1976 1978) and
f]FPorit and Bizzi (1979) viewed the mass-shring as the means of achleving ot

e

point 1ocation. They suggested that a number of processes, acting

o\v :

: i: parallel, are’ responsible for the overall performance of aiming “fa"

.m vements“ One S“Ch PrOCESS, it was suggested would be responsible el

Sl

i

'lv';for control of limb velocity. Falkenberg and Newell (1980)

3 R : E v,



, 0,6-,

,demonstrated that average velocity may be a programmed feature of
movement. This gives rise to the p0351b111ty that the Schmidt et al i,f B

. theory may only speak to the control process underlying limb velocity.il

A 3 "
i S . ‘_f

The Fitts formulation was concerned with the outcome of

‘ : j , . .
. _performanCe-and‘its relation tO"the'parameters'of-the movement; The
Lo :-_\ : .

'main emphasis was an examination of the outcome of . behav1or. The

y..

.'hSchmidt theory, however was concerned wiLh identifying underlying

control mechanisms of movement and as such was more process oniented

. The two theories, while often taken as opposite views of the same ,':
Td{{problem, can be seen to be completely different in approach and ’:fyfﬁi’

'"Vgapplication. The follow1ng experiments were de51gned to examine the,ﬁf i

':fundamental differences between \he Fitts (1954) and Schmiﬂt et al -

v, : 5

Examination of the rec1procal tapping tasks of Fitts and the ;-

: ﬂ;7single rapid aiming tasks of Schmidt et al resulted in the follow1ng
Qdifferences being identified :.;j'_:"h5‘53>?7if%l
7?fh 1. In the Fitts task the independent variables were

vﬁ;fmovement amplitude and target Wldth, while movement '

netime and error rate were dependent variables..In o

'“{;'the Schmidt et al paradigm the independent variables //h.if
fJ”were movement amplitude and movement time, while ~f//;fhn

x'#iﬁ;‘ v 4]5”1-];effective target width was the single dependent ;A“’:’:

'?variable.
2 eThe‘reciprocal nature of thebFitts' task confounded i o

. ‘errorsg\n;lap n: with.errors on tap nel, and the :
impulse for stopping tap n—l was the same as that for;f’li‘



7

fs;f”

‘ ‘starting tap n. Further, visual ﬁeedbadk was used in 8

.}re3ponses to an unknown degree -and . changed with the_f

N B /

ui curacy requirements of thebtask
"'t_3.2The Fitts" task required the subject tq,attend to
~;tWo targets, whereas the Schmidt tasks required n
fsubjects to monitor only the movement endpoint.,
_»As such tge Fitts' task was bi—phasic in nature and

N

Hlthe Schmidt tasks uni—phasic._

: T

It is proposed that the variable application of ‘the Fitts and

Schmidt et al formulations may\have been due to fundamental task

'f”differences which existed between t e i—phasic recrprocal tapping

vii‘task and the uni—phasic single alming movem\\tt It is further proposed'L

o

that such differences were attributeable to. dif

' ential attentional "

"'.;demands of the tasks._Reciprocal tapping involved the m‘“itoring of

o two targets separated by some distanceaand thus required the .1f'v -

v”ﬁswitching of attention between targets. Single aiming, however, _‘}7 ;\\;;

TR

~v_involved no peripheral monitoring and consequently all available :ﬁ

:*hffcapacity could be devoted to" target acquisition.": f“” ‘

. oo

ST BT The following experiment tested the null hypotheses that no ' f$~-7
'differences in the means of measured parameters of movement existed as ,~(

"}a result of the nature of the uni-phasic and bi—phasic differences
Tbetween single aiming and reciprocal tapping movements reSpectively,;:;h'

*ﬁ;and that no differences in the\gariability of the measured parameters

ﬁlﬁiof movemepts existed as a‘result of the previously described differencesfff

"ib‘between single aiming\and reciprocal tapping tasks.va";n'j-

I3
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e

g

conducted in order to determine which dependent va iables might be

\J

" used when comparing the two approaches. Appendix 1 Xreview of f:

literature) gives a. review of the Fitts and Schmidt formulations.

In the Schmidt experimentation the single depebdent variable‘ ‘

¥

was effective target width (We) The theory ‘of motor output variability

was based however, on'a theoretical relationship between We and the”
@ *

magnitude and duration of the accelerative impulse producing the move.

[N ¢ - Ta L

. Schmidt proposed that variability in target accuracy at a given 7ﬁ

,

distance was a result of variability in the time and force production
: : . ] : :
mechanisms in the accelerative phase of movement The Schmidt

N

~ methodology unfortunately did not assess either the impulse magnitude :

f or the duration of the decelerative phase Qf movement. His results

!

; and interpretations were basedyalmost completely upon those forces

\

propelling the limb and not those related to its deceleration. A full

examination of the Schmidt methodology resulted in the identification

! of a number of alternate dependent variables. These were: duration of

accelerativeuimpulserand'its associated variability, duration-of

4

decelerative impulse‘and’its associated variability, magnitude of

. ( 3

; accelerative impulserand*associated variability, magnitude of

decelerative impulse*and associated variability, and effective target

: Width (W )

"‘ Examination of the Fitts methpdology resulted in the addition

1

of movement time to the list of dependent variables under consideration.

A question of fundamental importance in understanding movement

(

control involves the relationship between initiation and execution po

h S N : - L
T T L . ' - Tt



stagesVOf'movementr Fitts'and PeterSOn (1964) suggested thatf

perceptual and motor processes could be considered as being

’
T

A 3

independent of each other’. Consequently the time«required to initiate

- movement (reaction time ninus stimulus processing time) was unrelated

El

to the required accuracy of the movement Movement time on the other_
hand variés according to the required accuracy of movement. Crossman

and Goodeve (the 1) and Keele (1968) attributes this increase in

o

movement time to an increase in the number of within movement i

y . .
correctiohs that could be required to achieve smaller.targets;

© ° The Crossman and Goodeve“(Note 1) and Keele (1968) theories

V?ldepended_on‘theﬂmonitoringjof sensory feedback. Schmidtisupported the
ShotiOn that;yhble movementsvcould‘bg organized or_programmed-in V

fadvance.and~emecutedawithout need,for feedback'information.iFUrthermore:
s . . . ’ v . T
e rapid single movements could be completed in times short enough

| (i es less'than ZOU\msecs) to prevent the utilization df feedback

information. More exacting movements, suéh as, aiming moyements_
requiring higher degrees of accuracy, could require a more precise'

program. Initiation time would therefore increase with the 1ncreased

-y s

Y

acéuracy demands. Henry (196Q} was able to demonstrate that initiation.'b

;'time did in fact vary in reSponse to movement complex1ty. Further,
Glencross (1972), and Norrie (1974) demonskrated that movements e J

'requiring a pause and reversal of direction on a definite target

¥

in -route .to. a final target require longer initiation times than

simple forward movements. Reaction time was . therefore added as the -

.final‘variable,ofginterest.to be used in the comparison between
. single rapid aiming'and_reciprocal.tapping movements.uThe”forme;

C@
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ibeing considered to be programmed in advance and the latter dependent

upon feedback information for error’ correction.

A

The eight dependent variables in the followingvexperiment were:

°

. reaction time, duration and variability of accelerative-impulse,

: duration and variability of decelerative impulse, magnitude and

¢
s

i~variability of accelerative impulse, magnitude and variability of

decelerative impulse, distance moved prior to. correctlon, i .e. a

standard- deviation specifying the target width (we), distance moved

o -

following correction, and total movement time. . ’_f

In order to compare the Schmidt and Fitts formulatlons the

\

following movement conditions were established which differed only in‘

> )

'.their mode of initiation. Condition One--involved a simple reaction

time task followed immediately by a rapid alming movement to. a specified

: target. The reaction time task was -used to control the subJect s

A

at ention by forcing him to attend to an auditory stimulus. In

' Co dition Two, a reciprocal aiming task was developed which required

. a ingle movement away from the body mid line to a peripheral target'

fo lowed immediately by a rapid returm aiming movement to acqu1re a

'specified target This second phase of the reciprocal aiming task

/..

. was considered to be identical to the rapid aiming movement spec1fied_

s

" under the first condition. A single rapid aimlng movement, without a

preceding reaction time task was used in Condltion Three. The subJectv

| initiated the movement when he felt prepared to do so.

These three conditions were established for the f llowing

‘reasons. Conditions One. and Three were identicdl single aiming

movements of the Schmidt variety which differed only in heir'demands
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|

on attention. Condition One required mttention to be directed towards

an auditory stimulus while Cogdition Three did not. A comparison of

- \

S

these movements was in effect ‘a comparison based upon differences in

- Lo

attention demands of each condition. Condition Two a Fitts type of

task embodied both the rapid aiming movements used in Conditions One

'and Three and an initial outward movement to a peripheral target° an

important feature of reciprocal tapping. This condition required

El

attention to be directed towards a peripheral physical stimulusvand.'“g

- also a planned reversal of movement direction. o ‘ ' e

' The three established conditions described a continuum of

_movement requirements. Condition Three, a single rapid aiming movement

Vv

with no demand on attention Condition One, a sxngle rapid aiming

Amovement with some'demand on attention and Condition Two, a rapid

aiming movement folloWing a planned reversal of movement direction

requiring attention to be directed towards a physical stimulus whlch “

’ coresponded to the point at which the planned reversal had to take

place.:_ g - ‘: Lo 1. SR S y
The three conditions embodied all of the features of single J-"-

aimingiand reciprocal tapping_movements allowing a comparison of such :

" ng

movements ‘to be conducted. 3 o o S



| _ Method
Subjects

Thirty male’ subjects, students at ‘the University of Alberta,

‘ranging in age from 19 to 32 years, volunteered for the experiment..‘

All subjects wrote with their right hands.

Apparatus and Task N

’

-

collect data. The interaction.between the apparatusdand computer is
shown in figure l The computer was used to control an auditory'tone
'. which acted as an event indicator to the.subjects. The. tone ‘was
activated'by ‘the computer by. closure of a SOIid state switch via'a

_‘signal from the computer s digital to analog converter. This switch

activated an EICO audio wave generator to produce the tone. The

computer was also employed to. collect analog data from an accelerometer

- dig tized and stored on floppy disks._‘@
"Three target lightsg Leecraft 3200 amber snaplights; were

embedded in a plywood board ‘which was first covered with heavy } black

R paper and then overlayed with % inch household window glass. The

effect was to give three target lights which appeared ‘as orange

Astrip lights approximately 0. 2 cm in w1dth The three lights were

separated from a l cm wide metal start plate by distances of 10 20

vand 40 cm respectively. The: three target lights could be individually R

controlledvby«the experimenter.

A PDP 11710 computer was emp10yed to control the experiment and ,
t :
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Two lightweight brass sprockets were mounted individually upon

the spindles of two 10 Kohm ten turn potentiometers. The potentiometers

¢
o

were mounted on the table 100 cms apart from each other, They were
situated centrally over either end of the plywood board. The
potentiometers were mounted on uprights approximately 5 cm above
" this board allowing it to move freely beneath themf An Eveready
" heavyduty 6 volt battery~was connected to the poteltiometers. Only
the output‘of one of the potentiometers was u%ed as a source of
analog signal for transmission to a digital channel of tne computer.
A4continuous nylon ladderwcgain ran between the two brass
sprockets. Linearﬂmovements of the nylon chain caused rotation of the
potentiomet r spindles and a resultant change in resistance.>Since
-~ the potentiometeqﬁ were linear,.\movemEnt.of the nylon chain,ceused
S . _
‘linear changes in output voltage. These changes in output voltage
‘were sampled at a rate of 500 values per second
A metal stylus, approximately~15 cmvin length maslfixed to the. .
lower segment of the“nylon/chain. A piezoelectric accelerometer
(Bruel\and Kjaer Type 4332) was~mounted on the stylu .‘The accelerometer
| was attfsned to a‘preamplifier (BruelandKjaer,Ty3226l6).whichwas
Ymounted‘on:the-b ck of.the subject's,chair atdthe level of the
: shoulder. Output from the preamplifier was fed to a power amplifier
(Hewlett Packard Type 467A) Output from that amplifier was then fed
into a second A/D channel of the computer; Movemeéts performed by
displacing the stylus in the 1atera1 plane, were»inerefore converted

into voltage equivalents by the accelerometer -and potentiometer and

‘then digi ized'by the computer for immediate storagé and eventual:

b '

¢
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analysls,

An inclined wooden screen was fitted to the bench on which the
equipment sat. The screen was of such length ag to prevent asubjects
from viewing their arms or the equipment to the right of a line drawn
perpendicular to the subject's mid-line. Since target Lights could be
illuminated individually and the position of the plywood board
adjusted ffeely, the experimenter could make the target ligﬁt visible
to the subject while at the same time obscuring the start plate and
right limb. Target lights coresponding to the amplitude of movement
desired could be illuminated and correctly positioned by the |
experimenter relative to'both screen and’subject.

The task in Condition One required the subject to respond to an
auditory signal by performing a single rapid aiming movement in thé
lateral plane. The movement, from initiation to target acquisition,
was fp be completed as rapidly and accdrately as possible following
ghe tone,

,Thé subject was seated approximately eight inches fro; the
bench such that the mid-iine of . the subject's body Qas directly .
opposite the target light. The metal stylus was fitted to'thefsubject's
rightfhand by taping it between thé index éﬁé forefingers. The stylus
‘waéﬁahen attaihed to the nyldn laddeF Ehain and the subject pOéitionedv
its tip‘on a cross:point émboésed into'the metal start plate. The
subject was élloﬁed_to view beneath the screen to acquire the;cross
,lpaint butAfollowing this was instr&éted to return fo an upright
position, ip which.bnly £he target light was visible.

Tﬁé,cdﬁputer was programmed'to give a clearly audible tone of



ks

- hand After a three second‘deuy
:,}the computer gave a second long tone " of SOO“msecs duration which the’

' «;subject was instructed ‘was a warning tone. The computer wasv

C/”Tltarget without coming into contact w1th the glass.'”

‘ a”vv ., | o o | 17.

‘following depression of the sw1tch

...,.._'
o

ov"lprogrammed to. create a random delay of between 500 and 3 500 msec .

Hﬁfollowing the warning tone. Following this delay the computer gave a:

3 0

Mi}jsignal of 50 _msec duration whicg was the subJect s signal to 1n1tiate

r.»

31”1lhis response. The subJect was prev1ously instructed that upon

'J'.

dJyfreceiving this signal he was to move as rapidly and accurately as{

o

;ﬁpossible ﬁrom the start plate to come to rest above the 1lluminated

\

On 1nitiat10n of the s1gna1 tone the computer was programmed to mf--

Lo

N

sample and store the incoming data from tne accelérométer and

: _f;potentiometer.bSampling occured asynchronously at a rate of 1000

.’] Samples per second Sampling lasted for 1000 msec, thereby prOVldlng

7“5F0110wing a variable delay not exceeding 8000 msec during which
’i'acquired data was stored by the computer, the above procedure was-t

: repeated again.‘Subjects were given ninety such trials divided into'\v

"‘sixty training trials followed by thirty test trials..j" |

'
oty

The task in Condition (WO re u1red the sub ect to erform ';jf’
q J P -~
G e A

‘a rapid aiming movement to“a target following the vauisition of a

.%‘

‘-second target situated to the subject s right. The aiming movement

YN

' :;.;required theasubject to return, as’ fast and accurately as possible

@ W

i T;‘ v

e

‘i_SOO samples from the accelerometer and 500 from the potentiometer.'7h’”

' to the start position following the acquisition.of the second target.gi



””'ffa delay during which sampled data was stored by the computer a f}’“

"ftstylus once again taped between the index and forefingers of the

/- - SR . - . i
. e e

'1‘8.>‘

o | L
"‘The subcht began a. trial by positioning the sylus on - the gD ss

. v

"directly jon’ the target light Following a 500 msec'

I

i computer,\the subJect moved the stylué along the gla s to the right

W'until a ch@nge of context ‘was perceived indicating co tact with the f&‘

start platé (this change of context was extremely obvious to the L
: \ !

ﬂ\subJect) Contact With the start plate was the 51gnal that the 5
' A ‘

1

?ffsubject was - to move as rapidly and as accurately as.- p0851ble back to

- 1-’

1the target light w1thout contacting the glass.-”t;.

G The metal start plate and stylus were so arranged that l; Li“;,;;ff}

‘icontact between the stylus and the plate acted as . the closure of a

:{sw1tch Upon closure of this sw1tch the computer began to sample for

g

,“1000 msec from the accelerometer and potentiometer.lFollow1ng | ‘ff; S

: fsecond tone of 500 msec duration was given 1nd1cating the start of a

‘\new trial SubJects were again given sixty training followed by
’,thirty test trials.tgiﬂ_c'”'fj'rgyfl*,dﬁiiuv

The task in Condition Three required the subjects to perform

el
- S e

‘f‘a single rapid aiming movement to an 1lluminated target. This movement e

: ewas self initiated by the subject.'

Subjects were seated as in Conditions One and Two with the.

\/_.

o subject s right hand The subject’positioned the stylus SO that it

o ;rested lightly upon the metalic start plate.vTﬁé subJect was allowed

P

: Qto view beneath the screen to position tne stylus correctly, but
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u»'once this was completed the subJect was: 1nstructed to return to an -

M

»upright position in which only the target llght was v1sible. The
o computer was programmed to give a lOOO msec tone 1ndicat1ng that

a trial could commence. The subject 1nit1ated a trial by pres31ng

Q the stylus down firmly upon the metalic start plate This action

'”e‘ close& the switch lylng beneath the start plate and caused the computer

to commence sampling. The subJect then moyed as rapidly and acCurately 'fhh’

R

“as possible to stop above the target light w1thout coming into o
bllcontact with the glass.A Follow1ng a- %3riable delay period not

longer than 8000 msec during whlch sampled data was stored by the

‘.fo_ computer, a second tone of 1000 msec was given to 1nd1cate~that a'f'\'
;h"/ further trial could begin. SubJects were given sixty training

followed by thirty test trials.
. _\:' L B ;

Ten subJects were randomly as51gned to each treatment condition. e

SubJects in each condltion were tested under all amplitudes, namely-'

10 20,\and 40 cm. The order for testing for amplltude was dec1ded _ga_ ff}w

randomly, however, once thlS order was: decided all subJects were
tested in this order. The order for testing for amplitude was r-é
20 cm, 10 cm, and 40 cm. The thirty subJects Were tested at their

‘f convenience..SubJects were, however, tested only once per day to

avoid fatigue effects.‘ilfpa[f;

ﬁDébiggf‘*'

10 Subjects were randomly assigned to each of the three jp;,b

:.-,‘--'\

treatment conditions, Condition One, Condition Two, and Condition:fi,f;lg?-‘“"“1



o al‘j:" | v‘t‘ ;i . ’—. ”jd:' :‘ . :v 2 ,,': :‘v:‘: : e - i :.1y: '(‘ ‘:",‘. L ‘ 3.“'1111“' fl(ll‘l‘.,i
?;rThrée_vResults were analvsed u51ng a three way factorial repeated‘a.
'uyn,measures‘design. The'number of levels of the three factors were;*

3 (treatment condition) X 3 (amplitude of movement) X 20 (trials)
(":lFollowing this analysis standard deviation data for each Subject
"7iperforming under each amplltude of‘movement were submitted to a
f7'}two way factorial repeated measures‘analysis‘of variance; The number du e

ih?of levels of.the.two factors were"3 (treatment condition) X‘

”pd3 (amplitude of movement)

R

'fj Data Analysis
On completion of the 30 test trials the computer indicated
h”;the end of the test sessioﬁ by giv1ng four short tones..The E

. ,computer was further programmed to analyse the stored digital data.

B ;;Appendix B\gives a graphical representatlon of the digital data ff

: ”collected during a single trial The diagram shows how thlS data was:

h:”iused to obtain measures on the dependent variables of 1nterest.;'” ff"”

“J'iData from the potentiometers was used in the calculation of

:u»adisplacements and gave, therefore, distances moved prior to and

"ﬁffollowing corrections. The accelerometer was used in the calculation of

» fithe magnitudes and durations of the impulsive forces as well as

'ffftotal movement time._ﬁj;ﬂ::' I O §
' Only the first 20 acceptable trials from each test se351on R

' ;“fi"were submitted to statlstical analysis._Trials were considered to be j.f-’f 3

llﬂ-unacceptable for the following reasons-'responses Were initiated P

[

”f}prior to the required signal movements were completed after the B

"f'end of the computer sampling period and were not, therefore, ,3‘;2'




fl completely sampled subjects failed to reSpond to the signal

“;13movements ‘were performed at such speed that they failed to prov1de

: ~] .
r,suitable acceleration data for analysis by the computer, these movements‘

Voo o

"fwere not felt tQ have been performed as fast as possible.-.
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~/ Results and Discussion SRS S D C

'Table‘l is‘a’summary°ofkthe'results'of the'three way'factorial
grepeated meaSures anaﬁy51s of variance performed on data obtained for ‘

i each of the dependent variables in Experiment One.,Table 2 is a
;psummary of the results of the two way factorial repeated measures

: analy51s of variance‘performed on: standard deviation data obtalned

’ from Experiment One. For the purposes of the current discu591on major' B

l;consideration will be given to the variables‘of effective target _:i
'”ﬂ;width (standard dev1ation of distance moved prior to correctlon),:'f
"pariability of impulse duration (standard deviatlon of duratlon of
aaccelerative impulse) and reaction tlme‘ﬂyif i vbik '

.“j The maJor prediction of the Schmidt et al (1978 1979) theory
I.jjof motor output variablllty related“variabllity of impulse duration
:iaito effective target width We. The theory proposed that as.variabllity‘

SRR

Vbin impulse duration increased there would be a proportional and ?f,”
'jlinear'increase'in wet.Examination of the results from the current
fWexperiment‘showed a significant mqin effect for treatment condition
f;}:on the variable, variability of 1mpulse duration F(2 27)= 7. 74 QEéf
k}p < 01 No signlficant main effect for treatment condition was 'i"ﬁ
‘tobtained for the variable effective target width For the main effect
':;thof amplitude, significant differences Were obtained for the dependent

~variable effective target viden, (2, 54) = 1479: 94, P < 000, but no

‘;‘lfsignificant differences were obtained for variability of impulsef"

2 % . _‘,
B .

duration.,{ hv ,?'Talf?il?!:j.fff:; ll“: f’a"fe“¥’ N ?lff,.f\' ke
Neither of these results would be predicted by the Schmidtf.
1theory;fACCOrdingitojthegtheory,‘significant differenceswbetween;

L0 :
RS NI s
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Yoo, . . )

/\“ - ‘ ) N . ! Lo . ) . ) [ . - ‘. - : v . ,A
\\R., L “ S Table 2 o . RS Sl
\\f e F ratios obtained in analysis of variance 3 o

. performed on standard deyiation data

~ for each dependent variable .in ‘Experiment One.

R

o L - Treatment = o
Dependent Variable. ’Condition Amplitude CXA

©_ . A
h-Standard deviationsof s : R F s
‘ durationdof‘accelerativew' S 5.83%° 2,248 . 0.58
. impulge, =~ = - e e R o

Standard deriation of‘ S . C S
duration of decelerative © 0 4.90% - 0.062 0.41
impulse.- : C : ' “ - T

Standard deviation of L i _ o =
. - magnitude .of accelerative 2,047 - 9.482% - - 0.13
oL impulse.b" . g - ST

. Standard deviation of ST e o
. magnitude of decelerative o370 4.981% 0049
impulse.'. 2 S T T

Standard deviation of T R S .
~distance moved prior to oo 0012 26;535* © .. 0.95
\ correction. SoLl ., E . - R
‘Standard deviation of ; |

.distance. moved~following S 0,23}’ .20.925*e';“0_55;[u;4
correction.~ : L e o : i N

"*.indicates'probabilityﬂ <.05 -

o
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treatment conditions on the variability of f‘pulse duration should
have been accompanied by similar differences between treatment
conditions for effective target width, ’Similarly within conditions,
as amplitude increased increases in. effective tar%et width should
have been accompanied by a proportional increase in the variability
of impulse duration. Neither»of these results was obtained in the
current . experiment and therefore the experiment failed to‘support
Schmidt ] theory. | |

Fitts' (1954) theory predicted that ‘as movements of a fixed

‘ o.;amplitude were speeded there would be an increase in the variabllity

of movement endp01nt We. Results of the current experiment
. i

demonstrated a significant main effect for treatment condition on the
) dependent variable movement time F(2,27) = 4. 95, p < .05,
Movements in the self-initiated condition (COndition Three) were

' performed signiflcantly faster than. morements in conditions One and

v

‘Two. There was, however, no main effect for treatment condition on

the dependent variable»effective target width; This'finding waS'

T

contrary'tO'the Prediction of the/Fitts' theory which would have

,required an’ increaselin effective target width as movements became
o

faster..It-wouldvappear in the current ekperiment that the mode of

"pmovement 1nitiation affected the.resuitant accuracy,and.speed pf‘

vaement} Self-initiated movements with limited attentionalzdemands‘

could beoperformedvmorewrapidly than but withlequalcaccuracy to. |

)~movemenés requiring a response toka tone or a planned reversal of

direction (Conditions One and Two resPectively)

Figure 6(b) shows effective target width plotted as a function
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‘of.movement velocity and treatment condition, No significant Increasc
in effective target width was observed when movement veloclty
increased from 50 to 100 cm per second., A slgnifhuiunincreuue in
effective target wldth was observed when movement velocities increased
‘rrom 100 to 150 cm per second. In the first case both amplitude and
velocity of movement were increased with no significant increase in
Wa. These results suggested that effective target width did not

increase until subjects operated at velocities which put them above

the capacity of the motor system. It could be suggested that

. e

single aiming movements could be‘performedyat greater‘velocities than
reciprOCalvmovemente while maintaining the.same degreE'of aCCuraCy.
oecause less capacity had to be devoted to the monitoring of stimulus
eyente; It could,be suggested that Fitts' law holda'in conditions

in which subjects are performing at or beyond the capacity of the motor
system while the Schmldt formulation would hold under conditions
where subjects'vere operating below capacity. The performance of
51ngle aiming movements which required attention to be directed
towards an extraneous stimulus event should by the previous argument
closer approximate performance of movements requlring planned A
reversals such as those in Condltion Two, tnan the self initiated
movements of Condition Three. While insufficient data points. are
available‘figure g (blﬂlends some support to the previous argument.
~,Conditlon Three tsel}—initiated single rapid aiming movement)
demonstrates a near linear‘lncrease in effective target width with

movement velocity while Conditions One and Two mayoWell demonstr//e e

logarithmic increases in effective target width with movement velocity.
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T Cpndition Two were significantly longer than those for Condition One. 7

vQ;i;,7- - b'w- .b31: o
The foregoing discus51on is based on the assumption that w1th1n,~ﬁ
treatmentyconditions requ1r1ng response t;-a stimulus (Conditions One:
eand‘lwo)/thererwas no;trade off betweenlcomplexity of movement as

. @
represented by amplitude of movement and reaction time. Henry et al

(196@) proposed that the time required to program a movement, as
reflected by reaction time, increased as the complex1ty ‘of the movement
increased Analysis of variance performed dn reaction time data from TN

the current experiment showed no significant main effect for amplitude."

p s

Subjects did not take longer to; plan movements “of. greater amplitudes..’f

Data obtained for other dependent variables could not be attributed .

]

to subjects adOpting a trade off strategy in which\programming tlme

was increased for longer amplitude movements. Observed differences on A;Qpﬁ'

5

the dependent variables measured could more safely be attributed

» 2

. : ' \ .
to the experimental manipulation which required attention to be -

o : Lt o
directed towards particular stimulus events S Rf .-gi;’ ‘

A 51gnificant main efﬁect for treatment condition\was obtained

-

for reaction time F(Z 67) =-22 0, p < 05 Reaction times for : -

0;

Henry et al (1960) would suggest that this reflected the greater -

complexity of movements requ1ring a planned reversal ‘of - direction.;

°This 1ncreased reaction time did not result 1n a more complete
- ’\‘ w . . . ' »
ﬁ programming of the return aiming movement. Figure 5 (a) and (b)
L v,‘»’,(' N

B show that increased planning time in Condition Two did not result

in greater accuracz,of movement.,Analysis of variance showed v

[ A “
v
i

no significant main effects or ]Fteractions for the variables

0

distance moved prior to correct on ‘or distance moved following correction.
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Efor acceleration. Condition One shows greater accelerative impulse s

j32._ ‘

Figure 3 (a) and (b) show the magnitude and variability of impulse ' / 5

T

A

W1th greater associated variability than comdition two. This is- "Ly S

’ ~’/‘

'Qfor the dependent variable movement time for the main effect of

‘ treatment condition,_r (2, 27) = 4 95, Pi 05 A s1m11ar result was -

¥

: obtained for the dependent variable decelerative impulse force.~_ ‘

-1

onsignificant main effect was obtained for the mﬁin effect of amplitude

A

”h,F(Z 54) = 31 22, p < 05 Figure 4 (a) shows near 1inear increases in

-

:, was obtained it was 1nteresting to note that Condition Three while

8
<

»;demonstrating the largest accelerative impulses (figure 3) demonstrated

‘Vthe smallest decelerative impulses. This may be due to the ‘more

L

' pcomplete programming which may have taken place because no attention

\

~was required to be directed to any extraneous events. Figures l and 2.

7fvshow that not only was the magnitude of accelerative 1mpulse greatest

for Condition Three it acted over the longest time of the three

.'conditions while the decelerative 1mpulse as well as being the smallest

s

'vhof'all'conditionS‘alsoaacted over,the shortest time. Theseitwo
"results also seem to support the notion that more complete programming

bu_took place for movements performed by subjects in Condition Three. }f‘v

In conclusion, the current experiment provided ev1dence to

./

fsupport the theory that single aiming and reciprocal tasks differ

:in their organizatiom The differences would appean>to be related to

Lt . -
& - . -

,?reflected in a significant difference obtained 1n analy51s of variance .

.Tdecelerative impulse for all conditions as a function of amplltudelbf"; .

,,of movement While no’ 51gnif1cant ‘main effect for treatment condition -

i .

' the discrepent attentional demand between the three movement classesg, -



R

Tldemands placed on attention.»Rather, the effEct should be noted

'
N .

o

examined One explanation yould be that increased demands on. attention‘
’résulted in decreased capacity for movement programming The effect jL‘
'on programming of decreased capacity was not reflected in. increased

o variability of movement endpoint Accuracy of movement was maintained

,\‘ B

"fwere effected It would appear that rapid movements can be performed

’awith the same accuracy as slow movements prov1ding the attentlonal

T

’ \

‘-’then the performance of reciprocal tasks such as those 1n Condltion“i'=

:Two should vary according to the demands pdaced on attentlon by the

'

: task As the attentlon demanded by the p01nt of reversal is

«

ﬁ"then the characteristics of the return alming movement should be "
altered* According to the foreg01ng argument these changes should not f,S'
e N f. - N

‘,be related to the effective target w1dth effectiveftargettw1dth

v7should be maintained for movements of equal amplitude regardless of
: \

»on parameters relatlng to the velocity of: the movement?"A second-l

.hgxperimentfwas;conducted‘to‘examinefand test’this prediction;ﬁ_“

\1

,,Tin all conditions while parameters related to movement velocrty 1~év*‘%

'vdemands in the slow movement case were severe.:If thlS was the case SR

’increased perhaps by maklng the target plate at that p01nt narrower,hff'df

: .,‘_: ERRE






. Experiment One provided some evidence to support a tentative
utheory that single rapid aiming tasks and tasks of a reciprocal nature s
:differed in their organization._The observed differences in the p |

-

‘measured parameters between the two classes of mo sement appeared to be .
- dependent upon.the amount of attention subjects were required to direct
~;towards events other than the aiming response. Acquisition of the
nperipheral plate in Condition Two and attending to the stimulus tone in .;.:
JC_Condition One appeared to demand capacity. Reductions 1n the capacity
5 vailable for formulating the movement response did not lead to a
Aﬁﬂreduction in accuracy of movement Rather, differences were observedvin"~'l"
“ifactors'relating to speed of~movement Itqwas subsequently suggested |
V.Jthat Fitts' 1aw may hold under conditions in which subjects arei-

urequired to operate beyond the 1im1ted capacity of the human motor

*ftfsystem. Similarly‘it was proposed that the Schmidt formulation held

3hb'under conditionslin which:the suhjects Operated below the 1imited

'nefcapacity of the motor system.5

The foregoing argument suggested that in reciprocal tasks
'it;subjects were required to. attend to targets whichrmarked the points of -
'iireversal in the movement task Because attention was demanded by the‘}.=tﬁ’d
{'1ipoints of reversal reduced process1ng capacity’was available for the f’{»?“

‘lformulation of the subsequent response. The effect on performance

PRI

' ;'was not reflected in a. reduction in accuracy but rather in factors

’ e DS u ',.\“f s

. related to movement speed such.as magnitude of accelerative impulse,p,“:j o

”{,QfIt was proposed therefore, that reduction in attention demanded at’ /:'

o the points of reversal in a reciprocal task.would xesult in movements

‘rbof increased velocity but not increased accuracy. ‘
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"iin a reciprocal task would more closely approximate that of 2 single

”aiming response.ig~ .

T

LB

<
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S Experiment Two was an attempt to manipulate the attention:ff

5.‘required ‘to be directed to the points of reversal in an aiming task

' ./( .

which required a planned reversal of movement direction. This was ‘

g 'accomplished by manipulating the widthiof a peripherai f*rget plate
:fﬁwhich represented the point at which reversal of the movement was :

v required It was hypothesized that as the width of the reversal plate

f

'increased 80 the subject would be required to devote less attention"

to its acquisition. Greater processing capacity would be available for 27'v

vhffplanning and execution of the return movement following acquisition of
'ﬂithe reversal point Thevresult of decreases in the attention devoted

r5“1tovthe peripheral plate would be return movements of increased velocitv.
:“All movements, regardless of the attention demanded by the point of

%4“;reversal which was theorized to be dependent upon its width would‘be* :

d‘,nperformed with equal accuracy It was further hypothesized that as'

= The question of interest in the current experiment related to

the effect of attentional demand on perfonmance of aiming movements

requiring a planned reversal of movement direction. Performance‘was

assessed by measurements obtained on the eight dependent variables

":; detailed in Experiment One. Since attention demand in the task was |
' elthought to be dependent on the width of the plate representing the point
'.f_of movement reversal movements in the following experiment had to be

.f visually guided

“-deemands on attention were reduced performance of the aiming responsep o




ubjects B ,"‘v',i Lo T

.'movement.

37.

- Method

,‘ N

Five male subjects, students of the. University of Alberta,

| 'ranging in age from 21 to 29 years, volunteered for the study. All

v

subjects wrote with- their right hands.

t
K

'Apparatds and Task

A number of modifications were_made to the apparatus described

v

;in Experiment One. The screen- which prevented subjects from viewing the‘

course of movements was removed in order to allow for viSually guided e

r S ~

,movements. The peripheral start plate whiqh acted as the starting pointf
b‘;for all movements was also removed Three_metal plates were- constructed
1:of widths 10 20, and 40 mm’respectively. These plates could be

likkinserted by the experimenter into the position previously occupied by :

[ ; (A,v,

'fthe peripheral start plate. When any of the plates were in position e

o ) "'\
3 the distance between the centre line of the plate and the three target

-lights remained 10 20 and 40 cm. There were, therefore nine

,possible combinations of peripheral target nidth.(ETH) and amplitude of :

4

The task in Experiment Two required the suhject to perform a -

".:'visually guided single rapid aiming movement to a. Visnally illﬂmiﬂatedr

3-target following the acquisition of a metal plate situated to the‘w“li
'fbfright of the target light.,ThiB task required a planned reversal in f
f! movement direction at a predetermined point prior to- the acqnisition of -

1vthe target.; v bri';'

A PDP 11410 digital computer waa.used to control the experiment."'
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VThe.interaction between the apparatus and ‘the computer was identical
to, that described in Experiment One Condition Two. The computer was
:used to control ‘an auditory tong which.acted as an event indicator to
the subjects. The toPe was activated by ‘the computer by closure of
a solid state switch via a signal from the digital to analog channel of
the computer. This switch operated an EICO audio waye generator to
produce the clearly.audible required tones, | ’
| The subject was seated for each_test session as in Experiment'
‘One such.that the mid—line of the subject s body was aligned with the
'target light Prior to the arrival of the suhject the experimenter

selected°the appropriate amplitﬂ%e ofsmovement and w1dth of peripheral |

| -\:plate and adjusted the equ1pment accordingly The stylus, bearing the

‘Aaccelerometer, was taped between the index and forefingers of the

tsubject £ right hand. The stylus was attached to the lower segment of
-

the nylon ladder chain and this arrangement allowed for movements

.: / X
-only in the 1ateral plane. The subject was instructed that each trial o
1

e cwould begin with the stylus resting 1ightly upon “the target light.j'

The computer was programmed to give a 1ong tone of lOOO‘msec

.duration to indicate that a trial was to begin After a fixed period

" e of 3000 msecs the computer was programmed to give a. tone of 500 msec wm; R

:duration which acted as a warning tone. After a delay of 500 msec a

#very short tone of 50 msec duration sounded to indicate to the subject
vthat the movement out to the geripheral plate was tb begin. T
| Speed of movement out’to the peripheral plate ‘was, controlled by'

a further tone which acted in metronome fashion..The subject was

kirinstructed that his movement to the peripheral target plate should

R
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‘be evenly pacgd_and\in time with the pacing tone. This provided a

relativel constant velocity of moyement to the periphery for all

amplitudhs of movement siqce the duration of the pating tone. was .
I

proportional to the”amplitude of the movement, 250 msec for lb cm

,_there until the computer issued ‘a fur'ther long tone indicating that the'

L

.movements, 500 msee for 20-cm movements and 1000 nsec for 40 cm .

moveménts. Upon initiation of the pacing tone subjects began the

horizontal movement to- the right towards the perlpheral target plate.

Upon contact with the peripheral plate the subject was instructed |

to move as fast and accurately as.possible to a position above the

target light without coming into contact with the surface. 'Contact

ibetween'the ‘sylus andlthe peripheral'dlate.acted'as'an event indicator
‘to the computer. The computer commenced sampling data from the

‘vaccelerometer and potentiometer’for 1 second at a' rate of 1000 samples

[ . , ~

‘per second..*

Upon achieving the target theysubject was instructed to remain

next trial would begin following a delay interval During the delay ‘the =~

computer stored collected data for later analysis.v'

All subjects received 60 trainlng trials followed by 30 test

trials. Subjects were tested under all combinations of amplitude and

peripheral plate size giving a total of 9 test sessions per subject.f

'The order of testing for each subject was decided randomly by drawing

v,

the 9 comhinations from a hat. Subjects were tested orice per day for 9

days.“p



Design I :‘ o o T R | S | ‘v’iv40.
iThe 5 subjects were tested under all combinations of amplitnde.

:Iand'peripheralvtarget Qidth -Mean-and standard\deviation data were

‘.submitted to a two«way factorial repeated measures design with repeated.

measures on: both factors. The levels of the two factors Were-'

3 (amplitude) X 3 (peripheral target width) Of the 30 test trials =

- »the first 20 acceptable trials were ‘submitted ‘for analysis. A trial

was considered unacceptable for the following reasons, the subject

e
'

v‘failed to make. contact with the peripheral plate, the subject failed to
' complete the aiming response within the sampling time of the compbter,
movements were performed at such,speed~that they failed tovproviée
_suitable acceleration data for analysis bylthe-conputer these
- movements Were not felt to have been performed as fast as possible

d[ the subject failed to respond to. the pacing tone and did not move to

the periphery



Table 3

- F ratlos obtained from analysis of variance
| performed on mean data obtained for each’
. dependent variable in Experiment Two

v B a Peribheral S
Dependent Variable . Amplitude Target Width A X PTW
| L (A) _(PTW) s
’ — O At anscan. -

- Reaction Time . S 2,10 1.129 1.816
Duration of - : R o '
accelerative impulse 18.915*% 5.985 1.344 .

~ Duration of R : e |
‘decelerative impulse . ©7.029% . = 1,137 @ 2.820

Movement 'Time ~  *  5.213%  1.232  0.578

. Magnitude of & : ’ L : o

 accelerative impulse 45,920 = 2,789 . 1.481

~ Magnitude of . : . e o
decelerative impulse’ =~ 6.864% 1.746 - _35252*
Distance moved - . T
prior to correction 159;2?0* 0 3.102% . 2,928
Distance moved o N L o w :
following correction = 239,430% 1.813 - 2.403

f-* indicates probability**<.05-

.
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F ratios obtained from analysis of variance

performed'on'standard deviation datd obtained
for each dependent yvariable in Experiment Two ~

'correction

"

' o ‘ Peripheral =
Dependent Variable Amplitude Target Width A X PIW
- —— (A)w -—‘ﬁ(npirw.)jﬁ :

‘Standard deviation of _ ~ :
duration of accelerative 1.276 2,375 - 2.039 |
impulse : ' E
Standard deviation éf _ o ‘ v e
duration of decelerative 5.539 1,746 2,215 .
‘impulse - : b )

: Staﬁdard'déviation‘of ‘ S . o £
magnitude of accelerative” 4,680% . 3.47 1.87
impulse : ' S
Standard deviation of v o < . ! . o .
magnitude of decelerative 6.53% ‘1.16 2,24
dmpulse - / i

 Standard deyiation of . A o
distance moved prior to 11.960% 5.05%

2.44

* indicates probabiliﬁy <

- =T

.05 .
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. Results-and Discussion

e . -

 Tables 3 and 4 show the results of the two—way factorial repeated
'E

>

l_:measures analysis of varﬁgnce_performed-on mean and standardjdeviation SR

»jdata obtained from Experiment Two;
i PR 4 _
Figure 7 shows reaction time data for Conditions One and Two o

";jof Experiment One. The significantamain effect of treatment COndition -

R

‘nwas taken as an indication of differences in task complexity between"

"l"ConditionS‘One and Two. Henry (1960) and Klapp (1975) reported that

s more complex movements required increased processing tlme. In the Mi
‘fcurrent experiment no, significantamain effect ‘or interaction was
ljxobtained for the dependent variable‘reaction time. For movements.of
i,fixed amplitude the manipulation of peripheral target width appeared tv;
'5.:2n0t to increase the complexity of the response. The expected effect oni.t;:

ltattention of . reducing the width of the peripheral plate did not take

'j:place.;_
Figure 14 presents effective target width (standard deviation of
lydistance moved prior ‘to: correction) as’ a functioﬂxof amplitude of i {f;;_

movement and peripheral target w1dth Analysis performed upon this data a//’—-

{}ldemonvtrated a significant.main effect for both amplitude F(2 8) = ll 96,

ft;pz, 05 and peripheral target width F(Z 8) = 5. 04 p < .05. Based on "

the findings from Experiment One it was proposed that no such differences

v;dﬂin effective target/width would be’ observed as a: function of the

/
A

manipulation of/peripheral target width Such ‘a prOposal could not be ‘

78upported By the data obtained here. One reason for this failure may ‘l,gqi

fhave been that no effort was made to observe whether or nof the .'

Lﬁﬁsubjectsxmade errors in reaching/the peripheral‘target plate prior to



’ /.

hinitiation of the rapid visually guided movement to the target. As a‘

—

result of the failure to partition the errors, the distance moved prior /f

‘to correction and following conrection of the rapid aiming movement

”‘Acontained error at. both ends of. the movement and not merely—at’the

final target as was assumed in the analysis.;This problem did not

Lf‘arise in Experiment One since all movements were initiated from the '

'same point and errors were not therefore confounded

Examination of the mean distance moved’prior to cOrrection :

,showed that for 40 cm movements to the 4 cm’peripheral plate the’ f

'.distance moved on the return rapid aiming movement was greater than for

fsimilar movements to the l and 2 cm plates. ?urthermore, this difference

-
,[

"was maintained following correction of the rapid aiming movement

."implying that for the 4 cm peripheral plate the actual amplitude of

' '-movement was greater than 40 cm. However, this did not result in the—~

around the final target (see figure 14)

"the results for other dependent variables in the experiment.

:‘greatest effective target width The validity of . this result must

" however be susPect since much of thg error obviously occured at ‘the-

I | %

,'periphery and as .such was not accouﬁted for in the calculation of We

r,

In the light of these findings it is difficult to comment uponA

» A further methodological limitation related to the timing of

:the movement out to theg@ nipheral plate. Long amplitude movements

Yo
'lwere given pm0portionally longer times for acquiring the ﬁeripheral

oy

plate than were shgrt movements. This difference iﬂ’tim may have been

r..

sufficient for subjects to perform accurate movements to the pefipheral

plate. Calculation of effective target widths for.moyements<§§3the
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gdpﬁadaquate reSponse (see figure 13(a))

‘ :

49.

-

peripheral platesimay have demonstrated that for all peripheral
target widths the effective target width,of,movements to. the
periphery were the same. Such a finding would suggest that’ the most
' important measure of peripheral attentional demand sould not.- be the
size of. the‘peripheral plate given by +he experimenter . but rather the f

A

effective target width calculated from the 1engthfof movements to the

i

plate provided by the subject Effective target widths can then be N

‘ calculated using a method reported by Welford Ql968) and employing a T

A

B correction factor reported by Crossman (1957)
| v"fn Equivalence of reaction time data for the three peripheral :1f'cld
:b target widths may have been due to the fact that in movements to largelh
peripheral plates, more time was taken in the preparation of the ':L.h

return rapid aiming response than in acquisition of the peripheral

plate. In movements to narrow plates) howaver, the long reaction times

the peripheral target and not in the time required to gen&rate an 5'

£

'af-;; Taken together the methodological Iimitations of the current

experiment are so numerous that an- interpretation of the obtained

results would be meaningless. A possible experimental paradigm which

:f[ could provide information relating to attentional demand in reciprocal‘

.‘lf.

dv, aiming reSponses without the drawbacks of the current experiment could .

b

"3vbe performed as follows. subjects would be required to.move alternatelyiﬁ
',between targets of differing widths The distribution of shots around

;f‘geach target would be indicative of the effective target widthrfor that

}:cttarget. If the proposed theon was correct then no: differences in'

W



| so.
feffective target width would' be obtained regardleSS of the size of the }
~aimed for targets.’HOWever differences would exist in parameters :
1related to movement velocity. L ivd B |
vFigure 9 shows mean and standard deviations‘for duration of"
accelerative impulse while figure ll‘shows=magnitude ofvaccelerative' - ,-'
impulse and its associated standard deviation. Both functions appear

":to demonstrate 1inear increases with amplitude for each peripheral target

‘4v'width Although these results are inconélusiye it is interesting to

- note that such results would be supportive of the Schmidt model even'
. T N
though the movements which produced these results were reciprocal in

ature. Similar reSults were obtained for duration and magnitude oﬁ '\pvd.°
+ :

' decelerative impulse, figures 10 and 12 The_most strikingl& 11near -

o

h relationship being for PTW 4 cm this being the peripheral target
. g
.width which was: predicted to show characteristics mpst similar to

’ the single rapid aiming movements described by Schmidt._'li



. , Géneral Discussion..

(Y R . . N ‘ ey

Experiment One provided evidence which,suggested that the
variable application of Fitts' (1954) and Schmidt et al (1978 1979)
‘ formulations was dependent upon the attentional demands of the tasks."

L Fitts 1aw would appear to hold in conditions in which subjects were

5.

Operating beyond the processing capacity of the motor system while the

' Schmidt relationship could. conceivably hold in conditions in which

¢
¢
H

‘subjects operated below that capacity. Experiment One indicated that ,v

» lthe accuracy of movements could be maintained with increased velocity

L
'

".jas long as the limited processing capacity of the motor system Was

\'9

o not overloaded This ‘would" suggest that when available capacity for the

,‘n

':,movement.,

*processing of movements” is reduced, factors related to the speed of
. _‘{).r g

fﬁf_movement are affected before factors related to the accuracy’ of

. ‘ &
©7 Polit and Bizzi (1979)-comparing normal intact-monkeys and
l_“monkeys Vith bilateral dorsal rhizotomy (C2 - T3) performing forearm 1

'positioning movements demonstrated that specimens performed the aiming

+

.g“responses with equal accuracy even when limbs were unexpectedly .

‘displacéd prior to the initiation of the4movement._Since‘visua1 feedback

:hwas not available to the monkeys, success in th@ task could not be

"~,credited to this gource. Most umportantly, the success of the aiming -

- Eresponse was: maintained even when the limb was displaced beyond the l -
'“(:aimed forftarget and the response.requiredbcharv»: therefore fr0m
an forward to a reverse motion. -
| Accounting for these findings Polit and Bizzi postulated that

r}fthe 'motor program' specified through.the selection of a set of

5

e
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length - tensionlparameters‘in the agonist and antagonist_umscles, an
eguilibrium pointﬂwhich cbrrectly positioned the limb in relation to -

ithe target.sFinal equilibrium“was”seen as a'function of the passive'b
.. elastic properties'of the-muscles infoperation‘following’a-change in.
;length or ten31on of the agonist or antagonist groups. o
jThis 'mass spring view of control has been criticised as it
dappears that,muscle does not function‘according to the laws which
govern the 0peration of normal springs. Houk Cl976) demonstrated that
’v_thekproperties,of musclesnchangednduring moyepent and the critical
»gvariable'in movement control waswmuscledstiffness, the functionbof,j
1ength.and tension..It'would appear; hbwever,'that the,motor<sys§em is
. capable by some means,.of prOgramming the end:point’of movementsr ;hf
vPolit and Bizzi (1979) qualify this suggestion by proposing that the
mechanism resPonsible for achieying: final position must be paralled
F‘by a mechanism to control limb velocfty, sinceemovements acquirlng the

—'a
»

_same target may differ in velocity. BRI \

Thefresults of Experiment One_may be interpreted as lending

vsupport to this modular view of movement control since subjects in-
each of the thnee movement conditions acquired the targets with equal'

' accuracy but with many differences in other measured parameters of
L

'movement.kTﬁls may be expected if the acquisition of a target involved“

:the execution of ‘a program, a major component of which was reSponsiblei
.kfor the accuracy of the movement or the acquisition of the end point,

| /l“ Combining this modular view of organization with,a cqé%sity
view of the information processing system would suggest that as.

attentional‘demand of;periphexal_events increased'then the capacity




53.

availahle for the‘formulatiOn_of the re5ponse.program'would be.
reducedr éuch'conditions existed in_Conditions One and Two 5gjg ;
- Experiment One.'fhe'observed differences in the accelerative‘and.
decelerative impulse magnitudes and durations and.their associated
'variabilities, together wvith differences in. movement time and velocity
‘may perhaps be attributed to‘differences in attentional- demands of the
~:tasks. Increased demands on attention result in incomplete or deficc1ent
progr;mming of certain,reSPQnse parameters due;te decreased availability
of processing capacity. | ', |
The concept that‘attention ie Tequired during the initiation
phase of movement has recently been forwarded by Norman and Shallice.
'(1980). They proposed that_the,productionlof movement seduences often‘
‘l~involvedwaccessing a-number oi.resources or schemas and that.attentional
: ncontrol dictates the relevancelgiven to a specific component schema. |
In terms of the first experiment it could be argued thatva component
schema represeniing the movement endpoint was given.maximum activation ‘
in all three movement conditions and as a result, all ‘three- conditions
f'resulted in equally accdrate movements.\;heeactivation levels
d’associated with other component-schemas varied-accordingito the overall
attentional demand of the task. Accordlng to Norman and Shallice, l
in times of high attentional activity the activation levels for certain
‘component schemas or parameters'of_those schemas may‘fall below |

threshold and as a result failito'be-eXeCuted At thevament of

initiation of the movement the source schema representing the required

o act would be composed of all the parameters required to perform the

act;accuratelv and as many of the parameters for'velocityvas]COuld be
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fitted in the availahle_capacity; lncreased capacity therefore leads
to more completevprogramming, The addition of further parametersf
occurs in an orderly fashion.d
With reference to Experiment One, of particular 1nterest 1s the

comparison between Conditions One and Three (response to tone and self
‘initiated) In both cases the required movement was ident1ca1 and
both were performed with equal accuracy. However, other measured
. parameters of.the.movements showed significant differences and “it

was Proposed that theseldifferences vere due to the'differential
attentional’ demand at the initiation of the task, For movements‘
requiring a planned change of direction as in Condition Two, attention
‘demanded was increased due to competition for proces31ng.capacity

lbetween the program controlling the movement out to: the periphery
- and’ the program required to control the movement back to the target.

1Homever, the'parameters resposible for_accuracy of/thevmovements are
still given.highest activation and the ohserved rednction in velocity‘
is due to- incomplete specification of velocity parameters. |

It appears therefore that attention demands of tasks '

"critically affect-the construction of,re8ponse programs which resulted
injthe'observed'differences in the‘measured parameters of the moyements.
| . In an earlier pilot study (Wilberg, Franks and Fishburne, note 2)

3

'results did not support a 1inear increase\in effective target width

with amplitude or movement time. Rather, subjects exhibited a bandwidth
. type of performance in that effectiye target widths could be—maintained
for a'range of amplitudes and moyvement times, Incerasing‘the yelocity of
ya movement,did not by necessity result in an%increasedinﬁeffective

' target width. The currept-investigation_also demonstrated-this
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._phenbmenon.4Lnterpretation of figures 6 (a)-andA(b) suggest‘that

an increase in velocity from SOlto 100 cm per,secondIOr'of amplitude
from 10 to 20 cm was not associated with'increased We for any
treatment condition .However, an increase in- amplitude from 20 9{

40 cm and velocity from lOO to 150 cm per second resulted in a uniform
increase in We for all conditions, Whether similar plateaus would

be observed: at increased amplitudes and velocities cannot be’ deduced
from the data available. The current study doesbsupport the opinion
thdt effective target width is related to- a measure of moyement:
difficulty. The bandwidth behavior also gave rise to the possibility
that the difficulty of the movement is a perceptual phenomenon in -
.that certain movements may have been perceived to be . of equal difficulty

.

even when the amplitude and velocity were increased. There was a
possibility that the maximum 1nformation contained in a movement ,
the actual transmitted information and the perceived information
.differed and that perceived information is a more sensitive measure
‘of task difficulty. Future experimentation_may be dlrected towards
ithis point and the application of Signal Detection’ Theory,may offer
a means of examining‘the'question.,
Kerr (1977) reported the presence of a Sl Hz frequency.movement

_‘component in the accelerometer trace of subjects performing rapid
© . aiming movements. This component apparently became evident with_practice
and may have been the result of learning..This was particularly true
fin movements, with high terminal accuracy requirements Although the
current experiments did not speak to this. point future research

f» may demonstrate that with practice the speed of reciprocal movements

increases and this increase in speed is associated w1th qhe emergence

@ . (



-y s
»of the 51 Hz movement_component;,This is a proposition which the
author feels deserves further sttention.
ItbreciprocalAtasks, it has been suggested that many of.the
_deficiencies:ln performance were‘related to the incressed attentionel
&\demandlof the peripheral target. Fitts C1954)‘demonstratedéincreased

information transmission as 4 result of préctice in reciprocal tasks.

\
PN

lSuch an increase maykbevinterpreted aslbeing the resunlt of a decrease
in attention demanded at periphery related to a decrease in the'
?uncertainty both in the position of . the peripheral target and also
in the subsequentdy required‘aiming movement., It would be expected
éﬁerefore, that time spent in the tran81tion phase of the.movement

n would be reduced.as a function»of learning. Th;s:may.result is

'v.:eciprocslgperfOrnances approachiné those ofisingle aiming responses.
A,further.study would eXamine the duretion-Of the trsnsition phsse

o and changes in the duration of the~phase with,praétlce and its effect on

‘ the measured par;meters of movement,
,The present experiments provlded some eyidencevto.support the
‘theory that the differentialrapplicatlon of'the fitts' and Schmidt
formulationsfbe due to differential denands on the attentional"
mechanisns. The locus of attention démand in‘reciprocal tasks
appeared to be at the p01nts of reversal in movement direction. In
situations subjects operate below the capacity of the.information
processing system the author believes that the Schmidt formulation
may hold When subjects operate beyond the capacity of the processing

/

system results may fit the Fitts' formulation.
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Y

The.concept that the accuracy of rapid movenents.decreased Wéth_x
amplitude'has been known for many'years; Howeyer, the close relation—
ship between speed amplitude and accuracy of movement received little
_attention from early workers in the field of motor performance.
Woodworth (1899), was_one of the earliest experimenters_to emphasize
' the impOrtance of this inter—relation; In a variety of simple motor
tasks;’performed with and nithdut the aid of visual_monitoring,
Woodworth demonstrated that for quick visually controlled movements,

3

'variable error 1ncreased w1th both amplltqde and speed Subsequently,
1ndustrial englneers advocated the use of small amplitude movements in
\assenbly work‘on-the_grounds that the tlmelrequlred to complete a unit
'.of work increases as a‘function of its.amplitude asdwell‘as oftthe
precision demanded-by the task, (Maynard, Steéégertenvand échwah,'1948)m
The appllcation of 1nformation theory to the study of sensory,

‘ perceptual and perceptual motor functlons, allowed a more spec1fic

'measureemnt of‘man,s performance‘capac1t1es, (Crossman, 1955; Hick,

1952). Fitts (1954) extended the theory to embrace the human motor

system, Fitts stated that the information capacity of the human motor

system is specified by its ability to produce. 'one class of movement-
from among seyeral alternatiye‘movenent classes" (p.éSl).'.Furtheg:”.:
"The greater the number of alternative classes, the greater is
informatlon capacity of a particular type of response.‘ (p 381

, &
* From thlS, Fitts concluded that since- measurable aspects of responses

" such as'amplitude-and force are continuous yariables, 1nfdrmat10n
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’ capacity is limited only by %he amount of variability that is

I

chafacteristic of repeated attempts to produce the same response.

_ N - ‘
Therefore, the information capacity of the motor system can be

assessed from measures of variability of responses which are meant to
A '
be uniform.
Fitts' (1954) theory stated that, sinqe_fhe information
transmission capacity of the motor.system is fixed, it could be
expected that if repetitive movements. of gyeraée'ampliﬁude'are’

'speeded up' then each movement can provide less information and, !

therefore, movement variabidity will increase by a Specified»amount.
 Similarly, if the amplitude is increased then variability in the

movement, and/or its duration, will also inerease. Stating the

-

'

, v ' :
specific hypothesis:

‘"If the amplitude and tolerance limits of a task are

,controlled by E, and S is instructed to work at his

" maximum rate, then the average time per response will L
be directly proportional to the mimimum average amount

of information per response demanded by the particular’
conditions of amplitude and tolerance.'" (p.383) =

Fitts tested the hypothesis using a numbér of tasks, including:
‘a reciprocal tapping task; a disc transfer task and a pin transfer
"tasg. In all.cases Fitts found that: "The_rate‘qf perfofmance of all

the tasks studied increased uniformly as movement .amplitude was '

<«

decreased and -as tclerance limits wgréwextendeﬁﬂ" (p.387).

In‘ordgr to ‘test the'results against a prediction that the

information output of the motor system in any Fask”is_felativelyv
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consﬁant oveér a range of amplitudes and accuracy requirements, Fitts
\ ' '

formulated an_index,of difficnlty which specified the minimﬁm
iﬁfbrmation required for 6rgaqizing each movement. Minimum 
, organization is the sPécifying Qf one from sevefal possible amplitﬁdes
vwiﬁhin which the mgyemént is #d tefminate. In binary no;aﬁiong—

[

.

a ; " ID = -logy W bits/response. : W@——(l)/
o _ - ‘ ' )
4 ~ 2A . i . "‘ . /
. /
. . ,/ -
Where 'ID = Index of Difficulty -/

Tolerance range in inches

=,
i

>
il

‘ Aﬁerage-amplitudé
The_reéults of Fitts ékﬁérimehts cégfi}med‘tﬁat the'movemgnt
time varied with tésk diffiqulty_in su;h‘é way'that ID Q;s conétant
-over a wide rénge of Fmpliﬁudes‘apd toierances. Tbgt is to say,-ﬁhat
’_mqvements'of difféyent applitudés‘bdt of équal’difficulty in terms ;ﬁ
-information, are of apﬁroXiﬁately;equay_duratioﬁ.,.Thevavefage time per
. mOQémént,{MT:.was,relatea'to A,aﬁd‘w by the following rélétipnf—‘
| .IVMT La '.+‘b lo‘g2 2A : | o N (2)
. . W , :
where gwanglégare'éﬁﬁirically fitted'reg¥essiqn pafameters:‘
‘According ﬁé the-infbrmétion theory intérpretation,ﬁthéF"
slope parameter,}b,.is fﬁe inver;e of the motor system processing
rate_channei capacéty. In the-previOusvstudigg of arm movemgnts

.



- of populations (Kerr,’}973; Welfofd, Norris'&;Shock, 1969) .

70.
b has been in the”regio of ,100 bits/second., Fitts (1954)
speculated that different limbs may ShQV different information

processing rates. Hancock, Langolf and Clark (1973) supported this
v . , . ‘

| showing an information processing rate of 20;bits/second for very

small amplitude movements of the fingers and wrist} It was also

' ¢

:shown that the times for a Qariety of micfomihiature'assembly taské,_
.perfotmed under microscopes, were proportlonal to the index of |
vdifflculty, ID, In general Fitts Law has been shgwn to hold in
a variety of experimental sltuations,and across a broad perspectiye
Sihce the ihtrsduetion oftFitts' La& there'have been msny'
attempts to modlfybthevrelatnonshlp to obtain more accurate
”descrlptions of obtalned data& but 11ttle or no improvement haS"
resulted from thlS work Welford (1960), u51ng data from Fltts (1954)h
teciprocgl tapfing‘task, fo;mulated an equation which best fitted the
data to a streight line:et | |
R ' .
MT = K lo'gb (A/W +.5). ' (3)

|

I
~-
~

According to ﬁ:iégfd: "This formulation makes movement time dependeht

_upbn a kind of Weber fraction'in.that the subject is called upon to

' deZinguish between the distances to the far and near edges of the

target." (p.147). Welford also 1dentified sltuatlons in Whlch

the subject dld not use the full target. w1dth Under these

. c1rcumstances the subJect is transmltting more informatlon than that

calculated by equatlon three since the effectlve target width is



narrower than the taréet; The narrowing of the target Width, d:jis
reflected in a reduction in errors and, according'to Welford, ifk
this is allowed for‘tnenvequation (3) holds reasonagly weli.
Croesman (1957) described a method for correcting for errors
,based on the fact that the information in a normal'distrdbution
is given by: iog2 (2E); where is the standard deviation of, the
distrlbution. Slnce (2E) 4,133 and plus or minus one half of this
includes approximately 96% of the distrlbutlon Crossman argues
that if approximately 47 of shots fall outside the tafget that log2
is an accurate’ reoresentatlon of the 1nformat10n contained in the
distribution of shots. Also, df errors exceed 4% then the 'effective

target width', W_, is greater than W and, if errors. are less than

e’
4% wevis'less than W.'Welford‘(1968)ﬂshowed thet Fitts' data,
'casfplotted using equation (3) and corrected for errors using

the Crossman method closely approleated a stralght line passing

_ through the orlgln. |

o Numerouevexperiments ha;e produeed‘reeults wﬁich are in :.

. striking agreement with'FitteL Knight and'Dagnall (1967), using ,
ﬁa'taskAin which subjects had to align a pointer alternatelydbetween‘
two targets, obtalned results which closely fitted equation (3).

" Fitts and Peterson (1964) obtained reSults closely fitting equatlon
'(3) for‘ single movements' carried out after a separate slgnal to
~move. Fitts and Radford (1966) demonstrated that accuracy improved
as time:taken to complete tne movement increased; however,'it was -
not affected by time taken to preperé, and the. rate ot'gain of

information was little affected whether the instructions were for

-




fytarget Using this argument Keele (1968) has shown that Fitts' Law

72.

speed or accuracy. . . e : £ ‘

. b
Theorigs Accounting for Fitts' Law . ‘

The most widely accepted eXplanation for the phenomenon‘\
. described by Fitts was that presented by Crossman and Goodeve (1965),
hand 1ater represented by Keele (1968). The theory is”basfz'onxﬁwo
aséumptione: (a) that the'subject is‘able to detect'ettors in g

movement'and subsequently issue'corrections; and (b) that'the initial

K

e v

movement and subsequent correctlons have a flxed relative accuracy
é*r .

Crossman and;Géodevekdemonstrated that movements were not smooth
but Shoved eviuenéefofyg;celeration'andideceleration with fixed
periodicity,'suééeetingwthat‘movements’consisted of a .series of"
impuISesittakin;gapptoximately the same time, but_diffeting in
| .

!

; 2 .
= .
i : EN

velocxty. The flrst movement may, for example cover half the dlstance

2
. to.be”covered the second the next quarter and the next the ﬁext

M “v

eighth and so- On. Thfs explanatlon emphas1zes feedback control

‘3 E”
A .-
SN

L dn; rapid movements w1th limltation 1n movement. Speed belng defined

by the number of correctlons the SUbJECt must make to acqulre the

’-.,a.

‘can be derived mathematlcally

RS i

? Findihgs.from research'examining movement patterns are equiVOcal,

a
4

show1ng that movement correctlons may (Annett; Golby & Kay, 1958,

t

Brown & Slatethammel 1949) or may not (Lang01f Chaffln & Foulke,

"f”1976) take place in aiming reSponses.

‘The‘Cf05§man - Goodeve theory has, however, come in for much -
' !



.

"time.

A

: cr1tic1sm ‘on a number onCOunts. Logloally 1t -can be seem ‘that-

correctrng for errors in’ response selectlon would take at least one

reactlon time to perform 51nce a neW’temporal—spatlal pattern of

)

't"fmovement needs to be/intitated. Thls would take between 120 and 200

s

\/

' that such correctlons may, in fact take longer than one reactlon

-y sy e
ST /

.

L e ‘_’.:.‘ : . B o - } Vi ’o

The Crossman—Goodeve theory assumes a correctlon eVery 290 msecs.fvﬁ

o . s i Sl

’ﬁ:with the flrst comlng 200 msecs. after the 1n1tiat10n of the movement._

ELSchmlﬁgen:al (1979) suggest that 1f the first

I o’

-,g . . ) i
;'was initiated o

o hbwever, that mlcroscoplc movements show little evidence of

;correctionjappears

o B .
\to ' 2w

'

-200 msecs. after 1n1tiat10n of the movement and che~réép£idntrimé faf; f.

. R

”thexcorrecti0n<153200 msecsg,'then,theverrorlmust:have been detected

e

RPN e e S e
© .prior .to-or at the moment movement,was initiated,. -

T8 Sy . R .

\ ’"Loglcally 1t would seem thatvsome 1n1t1al portlon of
sthe movement must be carrled oft before the system
ﬁcould detect that. the movement was in error., (Schmidt
et al., 1979, pis. DI SRR S A

BRI ST TR TS RS SREDE AN I o 1}

occur 20d msecs. after the error was detected and the actual tlme of

LR

. correction wouldf perhaps;fbe_nearerH3OO mSecsf,after the movement

R Vo . o S o T L e

,'». .

Furthermore the Crossman—Goodeve (1963) model holds that

SR

correctlons are requlred in a movement.: Langolf (1973) has noted

a2
N —,»

!
i

~ ';

correptlons,‘ erhaps because mhey are programmed correctly\from the
R I Sl oo .

ERCER

<_/’s

Vufmsecs.' Schmidt Zelaznlck Hawklns, Frank and Qulnn (1979), suggest o

Iﬂ(



-a'moyement' and thenfailure tg account for movements,requiring no. .
.corrections, as a conceptual weakness of the model
Another: interesting obJection arises from the hork of Hick (1952)

examinlng ch01ce reaction ‘time tasks. The suggested time for a 31ngle
Al .

correction of 200 msecs..assumes a 51mple reaction time where the.

4
e

number ofﬁyossible errors whlch can occur in the movement 1s reduced
_ o .

vto one.: This is obviously not the case,'as the number of p0551ble

-1- errors greatly exceeds one and the 31tuat10n 1s, tberefore, ‘one of

;'choice;re%ction'the. Therefore the suggested t1me for correctionVof"

R

*j&ﬁgQQamSec”wouldgseem to,underestimeteltheftime.required-for‘ai i

_correction,”

‘,',

e The=Bsychologic51:Refrsctory Period;btf_gh ;l;-ff' RS S S 54};"

‘\ o B f e
". > ¥ : J Locd

The psychoéogicall%ﬁfractory%per ) ﬁ(PRP), the delav,ln *-i_,'y; ) %g“'”

¥
respondlng to a stlmulus while another 1s being processed was first

Pt

'lreported by Welford (1952) f In accounting for the phenomenon Welford

proposed that.v f,f . df ' L go _,‘A NS o fx P e

K

lll All inPUt and ohtput streams are controlled by a common _"\
. processor, wma e :
\th;n‘gimmagea;; 1‘y“. Ly T Eae e

~ AT 3

ith regard to t e Crossman—Goodeve theory, it would appear; o

unlikely, in the light °f PRP that responses to tWo closely following'vfl«f;'n:

Vol

lﬁ‘feedback stimuli could occur within the suggested 200 msecs.,

L 1

[

since SRR

processing of the second stimulus could not occur untll a response to S
o T - wlil e s R S -xﬂw.f)“.’;\r

i ST R S P IRV Ly PR N ER RS A
[ R S . B FERESI AR L : o o
} . . T . e : Rt L e PRI A

vc’}“ .
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‘the first had been made. Even assuming the'parallel processing model

of McCleod (1977), which,would allow~prbcess1ng of the second feedback

stimulus would be noted In neither case could processing and
response be- completed within 200 msec.

L

Lo

"jsystems'Modelsl

»

i ngolf et al (1976) present the Crossman—Goodeve theory es

representing a first order system response. A second order

{ ,
underdamped system is also shown to settle accordlngrto Fltts' law,
' ‘(see~figure below);‘and it.was proposed that fnrther 1inear&control
systems models»héveiontpntsrobeying‘Fitts' 1aw.‘> , 5
: o Q ’
,\ . '
. _A
- e ettt bemdhend T e
. . .’ ‘ - - bt ; /
ST ‘ . i oA i ‘
: 8% eeWh_CZu*.'
T.lM’sP; e , L
Representation of aeeond order underdamped system from
Langolf et al (1976, p. 115)
Lo e :
S RS S o
; - \
. T o \‘\'ﬁ.
L Vo
B
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An examination of a wide range’ of amplitudes u51ng the’ Fitts

2

2

rec1proca1 tapping task was made 1n order to confirm the

~applicab111ty of cont;ol'systemSAmodels to Fitts' law. Under large

~amplitudes it was. found that;—‘ o o T

P o :
" ..linear control models. are untenable explanations of
" Fitts' law. The human traJectories are obvidusly mon-_ .
linear. For. all linear ‘models discussed, 'decreasing the -
terminal tolerance W simply has the. effect of adding’
" more’ settling time to the same basiC'movement trajectory. -
However..... changing the tolerance has the effect. of ' o
. completely altering the ‘human's movement trajectory.
~-"In particular the. Crossman—Goodeve and Keele constant
.“time, constant accuracy discrete corxections, models
’Tspec1f1ed that the movement shouldon the average ‘achiieve
a given deviation from target center (P A) after each
- discrete correction n at Wi RE. Thus- the discrete -
corrections model must ge 1

_ gy show ‘the ‘game rate of
progress. .toward  target cenﬁ%&@' ‘

Fegardless of terminal
tolerance W. Therefore, 1f :‘discretekcorreCtion mechanism
‘is present (but,mask

) nertla), then in order to.
'produce the va? tr jeéctories of figu ‘the time
per correct on’ (t% fid/or relative accuracy‘(P) ‘must
+function of tolerance demandsu(W)*\The
lanation of Fitts ‘law in’ terms. oﬁ‘method of : N
“control must be more complex and non—llnears . T

o

4

’fLangolf et al (1976) found that larger amplitude movements did not

‘ show ev1dence of break points indicating a discrete correction process

”.Decreasing the tolerance, W merely had the effect of progressively

' o decreasing tHe velocity of the movement in approaching the target.

Based on. experimental evidence that the hand slows down as

,it approaches a. target (Peters & Wenborne, 1936 Taylor, 1947

:}Edwards, 1965) Howarth Beggs and Bawden (1971) proposed an o

. ofé
Oy

7;intermittent feedback theory for ‘the control of aiming movements.-

¥~fHowarth and Beggs (1970) proposed the existance ‘of a visually

f,mediated intermittent correction mechanism pince removal of V1sual

e
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feedback when'thethand’is plose to the target has.little effect"
on termin 1 accuracy. This was only the case if there was less
than ‘one jcorrective reaction time . between remoyval of feedback and :
fthe hand reaching the target.‘ The theory‘proposed that the error on |
' target was related to the velocity of the: hand during tbe terminal
"‘phases of the movements being made at different Speeds. Howarth.et al o
(1971) pro ide‘evldence to support this theory for SIOW'movements.
iBeggs and Hﬁwarth (1972) provide further evidence tﬁg}upport the
”?FhGOertha. the errér on target is proportional to the distance away

- at}whichy last %orrection was applied

Alternative Theories ". S ‘y Q~v'»‘”f§

Motor Output Variability S a " ',_‘f %

The previously reviewed theory was based on the subJect s ‘w S
-ability to process feedback information and - to make corrections based

. "on-this information. Schmidt cZelaznick and Frank (1978) suggest that

”a;'researchers have consistently disregarded the possibility that the

1 output of the human muscular system is contaminated by noise"b(within -

7subject variability) and that this variability is related to the

,'”parameters of the movement i, e.; amplitude and speed According to (7{,;'

5

V'Schmldt et al (1978) centralcfo both theories is the notion of the

o motor program, which can be described as a set of prestructured motor

o - [T : L "
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‘ commands, which, when executed will complete & movement without
:Ainvolving peripheral feedback ‘ Schmldt et al (@1979), prOpOSlng the-:,
‘theory of motor output variability, suggested that if movements can
be structured in advance, then errors contained in the program or in
‘the recruitment of motor units 1nvol;ed in its;execution, cannot be g
‘corrected unt11 the program has been completed |

Evidence is cited by Schmidt'et al (1979) from the ¥

éneurosciences (Brooks,« 914) and:motor.behav1our (Péw;f
Y e . (t;;l, . \ -

P

N 1-,;;‘»- .. ’;: |
.rapid movements, is carnied out via

long as 1300 msecs.v,'

e basic premise of the theory of»output/éariability is that
vthe variability in horizontal distance travelled (effective target\\

width W ) in an aiming movement is proportional to the within. subJect
L

"fvariability of the velocity after the end of acce ration. Since the

veloci of a movement is proportional to the magnitude of the
'b{baccelerative impdise, the variability fh velocity is,‘consequently, o

proportional to’ variability in impulse force and the variability

L3 ““*%w/ S
‘fin time over whfch the impulse is acting. As a result the theory CoL

"t proposes that the effective target widt& W is proportional to
dbjthe variability in impulse force and impulse duration.i 3

tfn_Schmidt etéal (1979) derived the following pr0portionalit1es'—i= /_'

: bl Effective taré%? width and’amplitude are proportional

. 7
2. Impulse variability and movement time are inversely
f'proportional such that lﬂ g Impulse - l/MT2 .fff;}f
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, 3. Citing_Michon Ql967) who demonstrated that the longer

\

.an interval of time to be metered, the larger the-variability

.in‘metering, Schmidt et al proposed a relationship between

- impulse duration and movement time." Further, assuming a constant»

’force amplltude, that 0 Impulse < MT,

s 4 Combining (2) and (3) Schmidt q@ al. propose that:

f}/fi*

/

“errors.

Th ,.s the Impulse Timing view of motor control k:f' S

Impulse o l/MT

-
" B

:v5 Combining (4) and . (l) gives the basic statement of the

‘model.—~ - W, = l/MT L e o ‘-'wj‘l
e e . . LD

N '“fhé ¢lear implication of this model is that:ﬁs one asks
' .the subject to moyve farther or faster, the subjept
does.so with greater. noise in his force- and time- .
o production mechanisms, resulting in greater error in
,,.reaching the aimed for. target." (Scbmldt et al., 1979, p. 194)

Schmidt et al” propose ghat this notion of speed accuracy

trade—off ‘fits well with Fitts' equation, since it suggests that

S . L

as. the: subject attempts to move’ faster he/she will make more

B ¥
‘. -

Camag

H-"Thus thefpre ent theory sees the limitation in the -

- subject! s mo ement time as an indirect result’ of his

¢ -be accurate because ofxvariability in. the

_ pduction ‘and time-production mechanisms; this

is qui ¢ different from the Crossman-Goodeve (note 1)

fodel, which suggests that the limitation in movement
time is ‘the number of corrections. tlie subject must.make ‘

A arriving at the end point." (p. 195) SRR CLw

o

X7
e



4 N,

A.respéhses

&
80.

Feedback in Motor Programming

« Before presenting experimental evidence accumulated by Schmidt

et al to support the motor output variability theory; it is intended

\

to review the feedback versuswmotor programming,controversy.v ' /

Klapp (1975) sugges ‘that in“a choice reaction time experiment,

14

‘3the signal to re5pond nforms the subject which of a set ‘of possible

Vs‘bo be made. During the reaction time interval several

J,J,

"processes may occur, of which interpretation of the 51gnal and

il

‘vprogramming or preparation of a reSponse -are two. Henry et al., ClQBO)Tw_LQat;

:and Klapp (1974), have” suggested ‘that when the number of alternative

fw

'responses is kept constant then increases in reaction time as a

_function of response parameters may be interpreted as reflecting

»

changes in the time required to generate the reSponse program.

Klapp (1975), argues that in the Fitts ‘and:’ Peterson (1964)

" paradigm, if reaction time reflects respox;e programming, then choice
‘reaction time should increase as the precision required is increased

Jfby reducing the size of the target~ However, Ells (1973) demonstrated

a" ' ) Ve

. that thiS'was not the case.' Klapp (1975) goes on to say.

WAlthough movement time, measured from- the moment . the )
stylus -leaves the rest position until target contact
occurs,, depended on both target size and movement length,,
~reaction time was independent of- these parameters: This
negative result may mean that the response 1is-under
- feedback control rather than programmed in advance.‘
(p. 147), , .
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It was stated'earlier that research findings concerning the
question of corrections were equivocal. Klapp'(19.75) proposes that
" in long,faccuratelylterminated movements; the whole movement mav not
beéprogrammed in advance, accounting for the independence hetween
ﬁreaction time'and parameters of‘the movement. Short movements, which
.,i may bot display corrections (Langoif et al, 1976),'could,be programmed.
iinvadvance.f If thisnnere.the case then more complex responses‘would'

.require 1onger\progrAmming, 1eading-to the observation of increased

reaction time as g duired precision for short moyements increases.

. Wn
'-/33' [ M - » ,_,:: . .

In a single.aiming‘movement, Klapp (1975) demonstrated that the

felationship Betwee‘¢i’plitude'and the iogz-of target'width appeared

to be 1inear-for loﬁghﬁovements but not for short movements. ‘This,

for short movements, represented a departure from Fitts' Law._ This

departure according to Klapp (1975) suggests that: >"....short

movements are programmed ahead of time and executed ballistically.~ On
the other hand Fitts Law should and does. hold for long movements |
' whicb are under.feedback control according to the preSent analysis.
(p. 150) This analysis would seem to parallel that suggested by

Schmidt et al (1978 1979) in the theory of motor output variability.

Further,'Klapp (l975), demonstrated a linear relationship between '
reaction time and target-width forgshort‘movements, such that reaction

time increased as‘target'width decreased.indicatingrablonger processing.v
time for more precise movements. )
fKiapp (1975) contended . that 1ong.movements were hnderqfeedback

: \ o ’
control while short movements were programmed in advance. In a second

. experiment,_in which visual feedback was disrupted by turning out

, .

I .
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‘illumination, it was fﬁund phatvlong.mdyeméhts were totally disrupted,
while fo? shoft.mo&eménts reasonahle éccuracy Qas maintained. Y
'Schmidt and MCGown (1980) regard the cont?oversy concerning . the
locus of movemenf'control as one'of’ﬁhe most persistent in the field
of motg¥%behav16ur."Periﬁhepﬁlists posit that mévement is controllea
by some combinétion:of feedback frgm ghe respondingllimbé, the yisual
| and aﬁdiféry'systems and the vest;buiér systems. This pOSition takes
* two basic forms; | | |
1., A stimbluélresponse chaining hypothesis, James (1630),
which‘suggests.tbat éuccessiQe responses are elicitedaby.
‘succeésive cues in the enyironment. - Entire skilis can be
exécutéd iﬁ reSpoﬁse tsqé-sté;ting.stimulus,’in the-agseﬁcé‘of
.; .:bthey externéi stiﬁuli, since each‘succeedihg response, is . |
;:*Deiiéiééd by the pattern of intgrnal‘stgyéii‘from the\preceding-

o o “" . * ,‘ i ’ .
response (Greenwald, 1970). ‘ ; BRI - C}

RN

;,/ o2 AdamS's(l97ll élbsed—loop hyééthEsis which proposesf;ﬁaﬁ? o
_‘ »feédbaék'is eomparéd to éoﬁe storedlfeferent which,réprésents‘
_torrect peffbrmagce.' Errors are deférminéd as deviatith'frém
the refereﬁt éhd»correctibné are‘issﬁéd oﬁ this basis. ’ ’

_ Ty - L.
Centralist theory, conversely, as developed by Henry (1960) and

" Fitts (1964), empﬁésizes a central ﬁroégsé that is né£ depeﬁden£ upon -
sénsory moﬁito;ing.AfKéele (19683 étateéxthét a.motor érqg;am can be
viewed as: . _ ' | o , ‘b L | ’

", .oa é;t of musélélchmands tﬁat aré,structured before a | ' \g

novement sequence begins and that allows the entire sequence '

‘§o¢be'gérried out uninfluenced by peripheral feedback;" “(p. 387)

T
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The central ccntrollhypothesis proposes,‘tﬁerefore, that‘skilied
novements are dtganized and initiated by some central control
process. Knowledge of'novement doesbnot depend on the'monitoting‘
of afferent'inputr

‘ ‘dnetgrgumentAagainst‘st;mulus—reSponSe chaining.theory
involves the retelpf nrccessing ef feedback infornation. Lashley
(1951)Asnggested that this brocessing was tce.slow to account for.

rapid sequences of movements such as finger movements in plano

playing Keele (1968) and Glencross (1975) report the time taken‘.

'\.q)

T

to, react' to klnesthetlc infaimg\}on is in excéss of 100 msecs ,b
_“while Keele and Poéher (1968) 1ncrease thls time to between 190
and 260 msecs‘«for visual feedback 1nformat10n. rurthermore, in the

complex skill situation, which usually invelves perceptu
o o ~j ) .

response uncertainty, Glencross (1977) sugggsts the shortest

internal of’intermittent functiqning'ie_at leae¥\360inéec$.
Pen‘(1966), in a task wbicb‘involyed the repesitfoning’of a
consténtly-moning Visual.taréet by alternately pressing response
keys; demonsttated‘archange>in strategy from feedback'dependent
 pattern early in practlce to control by motor program; Early responses
were made only after delays in which feedback 1nformat10n about ‘the
effectiveness of regponserwas essessed. Later in practlce,—however;
eubjects responded ;apidly, indicatdng'lees dependency on continuods
monito;ing‘of seﬁ%dry feedback and instead; the contmolﬂof-requnse
f'sequences.rether than single units | ‘ . |
Speecb;_e coﬁplex,:seriélly organized skill; shcwé evidence

of centrdl control. Lenneberg (1967) states:



» "Thus we gather that the rate at which individual

7 muscular events occur (throughout the speech apparatus)

| ig of an order of magnitude several hundred events

_every second. It is evident that the activation of so

many muscles in such a short time span cannot depend )
upon volition alone. There must be some automations - : :
.whole trains of events that are programmed and run off .

automatically. (p. 92).

’Sdpport‘of this theory and evidence of ‘tone units' in speech is
given hy Boomer (1965) and Laver (1970). -
The most persuasive evidence‘in favour of central process;ng
comes from the studies ot deefferentation in which kinesthetic
feedbacKJiS'prevented in animals by surgically cutting doréai roots
which supply afferent feedback to the'eentral nerVOus system, -
‘ Keele and Summers (1975) suggest that if sklll can proceed w1thout \
kinesthe51s then stlmulus response chalning; whlch depends on .A\
kinesthetic feedback, cannot explain the sequenc1ng of the sklll;d \
The most inpressiye experiments of this nature.involved Ehe\ o RS
thé'eliminationiof sensory feedback:in the rhesnsvmhpkey.'TeUb and\
bBerman (1968) repeated the experlments "of Mott and Sherrlﬁgton (1895) . y
».by surglcally seVering the dorsal roots supplylng afferent input
: from one of a monkey § front legs, This procedure,.therefore,
ellminated sensory feedback without affectlng efferent 1nput to the
.muscles. Mott and Sherrington (1§95) observed that the monkey falled
-to use ‘the deafferented limb, Whlfh lent support to the stlmulus— |
response chaining theory of movemént control However, Taub andA

E E \
Ty

Berman (1968), after restraining the normal limb,rdemonstrated

x

that the monkey could in fact, use the deafferented Llimb, | [
. A //
4 Lo / L o’
-
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Furthermore,. when both limbs were deafferented:

:...the animals were able to use the limbs rh§thmically
and in excellent coordination with the. hind limbs
during slow and even moderately fast ambulation." (p. 177)

Taub and Berman (19735 have further -shown that monkeys deafferented

and visually blocked soon after birth learn to walk, suggesting that

sequencing of movements in walking is not dependent on,pormal”<’/

feedback, ';‘l;”“mxrb

T
B

~ Criticism of the Taub and Berman technique centers-around  ’

the question of total elimination of sensory feedback}“Taub and

. Berman showed that no cortical responses occured when nérve ends
Cw in a deafferented 11mb were stimulated quever, Bossom (1974),

. suggested that ‘some afferent fibers may enter the spinal cord through

. /
P

the ventral»root‘and therefore, escape severingpin dorsal root
’cutting._Some'reServation mustﬁ therefore, ex1st with regardrto these

results.,
| - More 51gnificantly, perhaps, is -the. emphasis Taub and

- Berman placed on. the ability of ‘the deafferentedﬁgonkeys to perform ‘
gross movements: Bossom (1974) reported that these novements were

~ produced" without elegance, suggesting that gross’movements can be

j\’-performed in the absence of Sensory feedback but fine motor skills

‘wSUCh as manipulative skills, can not.

i ' 2

hemic ner@e block techniques;haﬁe been emﬁloyed in studies



S fametacarpal—pﬁélangeal Joint resulted 1n 1mpa1rment 1n;reproduc1ng‘

.'8\6.

\

Laszlo (1966, 3967 1968) in a number of studiec\ﬁee\sEoWn gross

"impairment of performance as a result of ischemic bIbckeEET\;\\\\\“\‘

Howeyer Glencross and Oldfield (l975)‘ralse obJections ‘to the ischemic
nerve block technique by demonstrating gross motor impairment due tow,
' the quff.and'also the presenCe of some sensory informetion'arising

distél to the cuff.‘GLencross (1977) states that: . ST

3

-

»"Consequently, the motof deficit observed follow1ng
ischemic nerve block is not soﬂely the result of blocked
‘kinesthetic sensation, and thus its relevance to the
issue of central versus per1pheral control of movement
cannot be directly assessed." (p. 21) . [ . = .,

, N

\ -

N |

—

Ev1dence has been presented ‘therefore, .hhlch would suggest
some comblned or 1ntegrated use of central anJ feedback processes

'vln the organ1zation and performance of movements.

control is important in‘control of;eye movement,,conclusinghtgetiw

" these inflow signals are accecsible to the occulomotor system for }
-

_;the control of eye position. (p 225) Also, Prov1ns (1957) i

Ademonstrated that blocklng sensory 1nformation by anaesthetlzing the .

™ SR ——

L

’3{ o M . ' i“ ““‘:' . . I
_pressure by flexion.- S ‘ I 12

Further §npport for the theory comes from the study of effects

. ) . . - . -
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"v A skilled movement Glencross (1975) suggests.

ol - d S _" o \\\'\»A.\'""

/
/

of delayed and augmented feedbach Smith (1962) o a\review,;d‘l‘l{ ~f o

presents evidence of jerky,'uncoordinated movements as thk result of { -

\ o \f‘
feedback when closely related to the task enhances perform nce.~5
\__’ - . ED
This treatment has seen fbedhack control and motor programming

R

AR

‘v’ . e

“as mutually exclusive modes d& control However, each theory is seen
. v . “"”V i Lo

to be deficient towsome extent and the possibility that some

integrated control mechaqﬁsm must exist as the means of coordinating

"
ST

control process (e g. .a motor piogram ) to be fully effective,_it:»

l

7. Y -/ AT S _ ‘ .
must be integrated with peripheral sensory information at some_Stage,
(p. 25) o U.‘V_ i N p; - e |

This possibility will be discussed later in the Chapter. j”;up.”

e 0 U000 Evidence For The Theory Of T .,

'fv}f chapter. Since these are the basis of the theory of motor output

- _Motor Output: Variabilgty

ORI soaheeT T c P . S /’k
g d e «

d7b Schmidt et al (1978 1979)\conducted a- number of experiments oY

T

'1n an attempt to confirm the relationships stated earlier in this

L

- : ‘\y. ‘}

variability, a- review of these eXperiments is felt to be in ordEr.i 'ﬂbﬁ"

=~ N

o S
....that for a central ;\‘k

The most important relationships proposed Were that variability ?

| in force produced was proportional to the force produced and R
that the within subject variability in impulse duration is -
proportional to the impulse duration. These variabilities in force 5yf,f

s and time could be introduced into the system An two distinct ways.

\\ 7_0.'H

AN

= \ delayed visual feedbaek Glencross (1975) reports that augmented iff_-

SR
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)

S
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'sinﬂ relationship between‘the within subject variability in force and "fbj;f‘n

'v& "‘v

o ‘bega;proportional;one.ad

Either, they could be caused by the subject changing the goal of _'

\

”'\\ the response from trial to trial variability thereby being due to e

N

“ 3

program,over snd over and variability is introduced as noise‘

downstream from the program, causing different outputs for different c

4
. /.
v v

trials. In testing the proposed proportionalities, Schmidt et al. ‘ba.’

(1978 1979) attempted to have the subject repeat the same movement o

‘:95 every trial thus eliminating the possibility of variability due -

“to. choosing different r,

°'I.'

Variability in. Force ’7x.§u}; ,J,*“=;\a;;':;;

o

Using a fixed lever and attached strain gauge subJects exerted

force in order to shoot a dot across an oscilloscope screen “to a R
s

target. This was done in time with a metronome set at one respon”/

- T . \

31 per 800 msecs. Force required was varied/aid’aistrong linear ;n7"ﬁ

the amount of force produced was observed over a wide range of

A _/.
I

8 and movement time was apparent and this relationship appeared to

L

7

': Amplitude

l_' If the amplitude of a movement were: doubled however,;thed

A.

o movement time remains constant, Schmidt et al afgue that the velocity

: o ,
h at the end of acceleration must be twice as large.blmpulse for

s

P 'v. S .
e S
§

: changes in what was programmed. Or the\subject may repeat the same ff.“

4

acceleration can only be doubled’by increasing force, and variability .

forces.lAlso,'a strong linear relationship between 1mpulse durationv_-l i



; of force is proportional to thvxamount of fOrce produced /Since : W{, .
, f’} ' n
variability in the impulse is proportional to the effective target

~“,/,

;vff width then it follows that-pe‘-pll.f ","ﬁ5iﬂ"b";f”?f iﬁ"lﬂb.'-ibt -M’: g
e Afnplit“de ‘

w TN . R S R - o - o T
2y . T R EE 3 B B EEPE , \/,/:T\.’j .

Movement Time dr REEPE ;ﬂ_gfu:,m ';v‘t* SR f; -:"hl‘*f//

L " - . -
. b *

Assuming no Variability in‘the duration of an impulSe, halving'rukﬁ

the movement thna for a fixed amplitude movement requires &he

impulse to increase‘fqur foldf/Extrapolating from this it can be

'Q\ seen that variability in the impulse will be inversely proportional .

T ~

N to//he/square of the movement time (MT)
%

e g T : R RN SRS

,,_f_»:i_;-i e ) \ e Impuls% « 1/MT2 | e
'tf;i:il:if | Sinee, however; variability in lenéth of impulse is:\ B

i Proportional to imPUIgg‘durationﬁand’thereforekmovement time,‘then ;fl;h

"”;E the variability in the impulse is proportional to the movement time..uT'

:vlifffij}dﬁs_;.". pulse . MT J‘

e

:f Combininﬁ these» ffects it can be seen that the impulse variability

is Proportional to l/MT aﬂd hence.__i:v_%pyﬁirv.;»

andfinverselyfﬁ
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This is the basic statement ‘of - the Schmidt et al (1978 1979) !
Lt . g [ . -‘ /1 S Ay e :

?. model whidh relates the three variables of movement time, amplitade e

AT AN

and movement accuracy in a single expreSsion. -'

. ) The Single Aiming Barad gm o8

mmmmmm

" Schmidt et al (1979) conducted a number of experiments using

m\"'.‘l“-'.;

.8 . single aiming paradigm The technique involved manibulating

'~l

l‘-‘fa'amplitudé and the movemeLt time allowed and measuring the resultant

.'l‘effective target Width For long movement times (up to SQO msecs )

3

_n'j,"the relationship w';c A/MI did not hold however Schmidt et al
T | ‘

'5;j 'cite Keele and Posner (l968) who found that visually based cornjctions :
o are possible with aiming responses as shorf as 260 msecs.vFor v
‘af-short duration movements (leas than 200 msecs ) however, ‘a strong e

‘ linear relationship between A and MT was found lending strong

E Sy
v ' /

:liysﬂPP°rt to the model However, the relationship was not proportional

1“5 uncertainty about what to do in aiming at the target Another source

- o n. - o’ s
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fparameter selection. Burke and Edgerton (1975) suggest, in .

physiological terms, that noise might exist dn terms of how the ; |

'neuronal information to the motor neuron pool in the %?//gi ‘cord

Ty

& becomes translated into the activation of a. certaiu number of motor

“vunits, which ultimately determines the amount of force produced hT\

I

R
= Based on the fiﬁdings of Kelso, Southard‘ahd Goodman (1979a,

' 1979b), which demonstr ted that simultaneous left and right hand

’ aiming responses had similar kinematic properties, Schmidt et al
s

L e,

(1979) examined a two handed paradigm in an attempt to isolate the

7invariant features of the motor program.: For example Kelso et al, S

B 3

'ig;different heights orgﬁistances, suggesting that these features were‘f'x

‘;not inv;riant.’ Howevefﬁ“they could not. move the hands with different
'i; ;movement times, égégESting that this was common to the two hands, and iv.
o :{an invariant feature of the movment determined by the motor program F;

i wJLogically, Schmidt et al (1979) argue that._dnﬁﬁ >
LB

r.‘%‘,"Whatever these common paramameters\might be, .

variability in’ their selection will be evident
in the behaviour of both hands.".; ' :

LNl

- i

‘fibsingha;two'handed aimiﬁértask*Schmidt'(1959)1reports:that‘for‘?‘
‘movementvtimef6§2.of:the-variabilitY in movement-times;was duefto |
'_program or common parameter selection~and only 31% associated with
flpsubsequent factors,'(based on between hands correlations) ’Forriﬁ:d"{’

.spatial measures of accuracy, however, only l/ of the variability e

{

could be associated with prdgram selection. Schmidt concludes that.

ﬂ-(l979a, 1979b) found that subjects could move the hqnds simultaneously'f'h
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]
."Very little of the variability in the spatial
aspects of a single: aiming response is associated
with variability in program selection; rather; the
variability appears to be caused by vgriability in
' the particular parameter ‘selection or in motor unit
recruitment. Locating the exact source of this latter :
variability could have important implications in ‘ N
’ understanding motor behaviour. (p 433) ‘ .

i

Schmidt et al (1979) extend thé’theory of impulse variability

o and programmed motor control to apply to motor reSponses other than ‘

Rl

hitting ‘a target.j In a rapid timing rask Schmidt reports that the'

.

.variable error for timing is essentially unrelated to the amplitude

“of the movement and directly related*to the movement duration, (except _{

‘for very small movement velocities) These results are also supported
N by Newell et al (1979) | » a .

Al .

1in the reciprocal tapping task Schmidt reports correlations

A

';:ranging from .67 to .84 for individual subjects between effective

target width and impulse force.'..', " - . ) RS : '

. "This result provided .some suppOrtlfOr the idea that
.+ [ the impulse variability is a major determiner of W
S, in the reciprocal—movement task.'" . (p’ﬂAO) ‘ e

,Aschmidt_et al'(1979)-go‘onpto‘report_that;r |

- "We have shown: that the variability in movement
J'endpoints (W) is linearly and directly" related
~ to ‘the’ movement amplitude, independent of the ©

. movement - time\and independent of the nass to be
moved." (p 44\} : :
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. |

suggest that theid mo el does not account very well for t e effects '

o
‘(

of amplitude and Tovement time, which are accommodated well by Fitts’

i

? Law. Subaequently’it 1s auggested that ?itts' Law, which 8 deriveable' '

from the principles of feedback (Crossman and Goodeve, ] 3* Keele,

1968) might account for slower responses whila ”#J\S'xl‘

: theory of motor output variability is more efbﬁﬁ?{fﬁ;f'/
. ﬁ;“ P E* 1

iless than 200 msecs. However, Schmidt ‘contends that th Fitts Law-

‘may hold when the subject is attending to the movement‘_ With

- movements not requiring the subjects attention it is 4ossible’that ©

RS
-~

‘ Schmidt 8 theory may hold even for slower moves.

’
-

"We prefer to argue that when subjects make a programmed
movement in everyday settings, they do in fact. determine
~ the distance and movement .time in advance, with the . -
'fmovement accuracy being the result of these choices." :
- {p. 448) ‘ y :

o A K

1

- Schmidt et al (1980) propose that the human Operator is able to 4

vswitch between controlled modes of action and actions/based on motor

/
programming on the basis of availablé processing capacity, and the

;

attention demands of a- particular situation. Schmidt suggests that

L I

'subjects adoPt feedback control when no other actions are present or
" the actions require little attention; since the cost' of allocating
attention’is n;'problem. However, when attentional demands are high
"Schmidt suggests subjects abandon the costly feedback-based mode of
jcontrol in favour of a pre—programmed mode.fﬁ'v

“ The evidence presented by Schmidt et al (1978 1979) could be

interpreted as supporting a model of behaviour in which for rapid
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2

S

‘movements, the subje t executes‘motor programs and variabil7 around

the target is due to noise in the motor system, \For lon ﬁduration

movements feedback/ ontrol is adOpted »and noise in the system can,
itherefore,~be corrected for, resulting_in§1ess variabil ty around the‘“

B

target. Schmidt's%model, therefore, proposes a trade-off between ﬂ e

»accuracy and attentional demand of a task - ‘ /‘

-
(RN

This theory is lqgically appealing but it does not account for
one area of”experimentaljevidence.- When ballistic aiming movements

are performed,'i.e.lless’than 200 msecs. in duration, there is

insufficient time for feedback loops to operate'for ongoing control ﬁﬁy "
purposes. The m0vements,:however'are still performed‘smOOthlzi.and
.with precision (Glencross, 1973“1974), When feedback’is blocked or

distorted the fine grading of movement and its temporal precision are -
‘lost, e.g. Bossom (1974), It would appear, therefore, that in order :
oo » l B

for a central controlhprocess (a motor program)'to be executed

efficiently it must be integrated in some way with peripheral sensory

'information Schmidt et al (1980) propose a switching mechanism based

‘o attentional demand which does not call for the completely
. '1 {\, B
i tegrated system that is apparently in operation..*/

\

To this end Glencross (1977) proposed a two. stage integrated

1.
model The first stage, or -executive control system, is feedback

%

dependent and is based on an analysis of th,input and ‘the relation

of the signal to the response. The second stage consists of a

motor program which once initiated will run its full course

without intervention. o : .

This theory can also account for attentional demand, since ‘
L] " .
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. the executive system can combinewprédictable sequences of action and
lform larger units of action, In hallistic moyements%it is proposed
.thatpthe Single'channel mechanism'can operate directly through‘the
*motor program, that is to say, 1o time is spent in routine analysis

"a

‘by the executive system. - .

¢

This proposition is well.stated by Adanms (1976)

"This is a compromise hypothesis which Seems very
. difficult to test. It is”/insufficient to show that either

the motor program or feedback are governing agents for
movement (the issue which is at the center of our scientific
eye ‘at the\moment) Rather it must be shown that both .

the motor program and feedback are operating and also,

" the circumstances of their interaction must be

& ~ demonstrated." (p. 99) :

j . ~ Other Theories of The Locus of Variability

i ’Evidence From Neurqphysiology ‘h

Bizzi Polit and Morasso (1976) conducted research aimed
[ at understanding some of the mechanisms whereby the central nervous
system terminate5~a given.phase»in~a motor sequence'and maintains

a newly acquired position. Using normal intact monkeys and

L

- deafferentéd monkeys, Bizzi et al. (1976) investigated the extent to

which the termination of a centrally initiated head movement

¥

(coordinated eye—head response to the unexpected appearance of a

Lt

'stimulus in the animal s visual field), and’ the subsequent maintenance
of posture, depended on the prgprioceptive afferent input generated
Aduring'thevmovement_itselffor, instead, ‘the. central programming of

the movement,

' Using vestibulectomized but °thérwise'intact ménkeyS,'aoad

r
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disturbances were applied unexpectedly at the beginning and
throughout centrally initiated head movements.. The aim was to
provoke a prOprioceptive response in all types of neck receptors.and
to observe the outcome of this stimulation on the final head position.
‘In a second set of experiments the afferent input was interrupted
by cutting servical and thoracic dorsal roots and observing how the
absence of proprioceptive feedback affected final head position.
‘Results indicated that final head position was determined
.by alcentral pattern of neural impulses which was programmed and
was not reset by»afferent proprioceptive{impulses generated during‘.
A c.
the movement. Furthermore, Bizzi et al (3976) provided evidence
to. support the theory that. final position f& an equilibrium point
dependent on the firing rate and recruitment\of motOr neurons, the
1ength tension properties of the muscles involved and the passive
’elastic properties of external loads. o
" 'This work cast doubt on the role of proprioceptive teedback
in the' control of movement endpoints and also re—emphasized the role
of length tesion properties of the opposing muscle groups in
determining the position of the l b in which torques in the twol
'directions about Qhe joint are equal This idea was first posited
‘by Crossman and Goodeve (1963) and termed the ' mass—spring view of -
motor control It was later studied independently by Asatryan and
Fel dman (1965) and Fel dman‘(l966a, l966b)
Further work by Bizzi et al. (1978) has demonstrated that :

‘ ”correctivevresponses to unexpected 1oading~of muscles ‘during a movement

areoonly in small part due to reflexive aqtivity;:It woulp appearb

o
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that the majority'of corrective action is due to the mechanical

properties of the muscle itself.

‘ o ", .showed that during the first 200msecs., the contribution -
of the neural component relative to .the applied disturbance
ranged from 10 to 30% of full compensation in deafferented
animals and that a significant proportion (from 20 to 40%)

of the total compensation was\ due to the intrinsic
‘mechanical properties of the musculature." (Bizzi et al. 1978
P, 553)

, Poesibly‘the moet important eork condncted by Bizzi and Polir.
(1979) examined the Rrocesses controling arm movements. ‘Bizzi et al.
- .;examined normal intact monkeys and monkeys'with bilateral dorsal
"rhizotomy} (C2'— T3) performing‘for:arn”posirioningJtasks.In both
.caéesvthe pointing tasks were performed without sight;of che'arn;
'During the .experiments the arms were unexpectedly displaced prior to
initiation of the movements., The intact monkeys were able to move
':accnrately to,the target. Similarly, this procedure yielded
quelirarivel& theleame reaults in deafferented monkeye. Bizzi et al
-(1979) snggestlihac these results can be.explained pyrnostulating that
o the motor.progran.specifies;'throngh the selection of aveet of .length
tension propertiee in:agoniSt‘andlantagoniét mueclee,”an equilibrium |
: po‘int__betwe_en theee,two;eete of muscles that correccly~poeitions the
arm in relation to the Visnal target. 'f‘_ . .

The -position is qualified by the suggestion that this process

'\

S

must be accompanied\n 5 mechanism controlling arm velocity Also,l

y-a
'the mechanism by whicp he described process is intitated is still

\ . AN

unknown. Bizzi et al }i979) state that;.



"The postulated independence of the procesaseaa
controlling velocity, indicates that a number of

#  parallel processes underlie arm movement, and that
motor control may be.thought to be organised in a
modular fashion." (p.193)

Results also demonstrated. that displacing the arm from the
body caused. the' responsea of deafferented monkeys ‘to become inaccurate,

while the 1ntact monkeys quickly compensated for the new relative

L3

position of the arm to the body. According to Bizz4 et al: >

g,

"The dramatic inability of the deafferented monkey

to execute gccurate pointing responses in an unusual
postural setting or when a constant bias load was
applied underscores the great importance of afferent
feedback in updating and adjusting the execution of
learned motor patterns when posture is. changed." (p.193)

-

\\

This evidence presented is, as Schmidt (1980) comments:
’ particulagly damaging for an 1mpulse timing view of motor programming,

at least for this kind of movement." (p.151) .

v

Evidence which tentatively supports the prOposition of parallel
processes in the control of ‘movement is given by Falkenberg and
Newell (1980).4{They report ‘that reaction time, (the time between ‘a

, start signai’and the beginning of a movement) has been generally

P

‘ accepted as a measure of the processing demands of movement initiation o
\
\
Kerr (1978) -and Klapp (1976, 1978) suggested that variations in
s x‘?'m

reaction éime due to\mfnipulation of various response parameters
\ . .

indicated the degree to which the parameter was a feature in response

e

-"programming.r

The only regponse parameter consistently seen to affect reaction



*,

9,

E

time, as reported earlier, has been movement time (Kerr, 1978; Klupﬁ

et al, 1974). However, Falkenberg and Newell (1980) suggest that

‘1nitiai!on time differences attributed to movement time could equally

have been explained by variations in average velocity. They cite the
work of Klapp and Erwin (1976) in which, as average velocity of

movement increaged, initiation time decreased in a eyatematic fashion,

¥

Newell et al (1979) demonatrated further, that different movement time
aﬁplitude combinétions, which generate the same mean velocitles, had

similar initiation times. Falkenberg and Newell state that:

"It seems, therefore, that average velocity rather
than movement time may be the key kinematic parameter
determining response initiation time." (p.761)

Falkenberg and Newell (1980) demonstrated, using self-timed

movements, simple response techniques, and choice response techniques,

w

that initiation tim® decreased as averdge velocity of movement

increased.
L J

Cdnclusiong f;om this research shoul@ be treated with caution

howéver,'since, as demonstrated by Schmidt et al (1978), initiation

time covaried with velocity and also impulse force. According tb

Falkenberg and Newell (1980):

B - . 1
"Indeed it seems entirely reasonable that the system

is programmed around the force-time or impulse requirements
of the response, which are dictated by the mass of the
.system being moved, together with the kinematic demands
particularly average velocity, of the criterion response.
In other words, kinematic requirements may be mere
~ concomitants or determiners of programming rather than
features of the program." (p.767)?

N
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Although the theory that control and coordination of movement

O w

L may be yartly based on the v%scous and elastic properties of the

Ly @

muscle joint system, has only recently been recognized it was "

— t

v

proposed as early as 1947 by Bernstein (reported in Bernstein, 1967)

Bernstein suggested that when,mgscles acting at a joint are constrained%"
to act as a unit, ‘the linkage is describeable as a class of v1brating
¢

L; system whose physical and behavioural characteristics are qualitatively)°'

similar to a mass—spring Asatryan and Feldman (1965) and Feldman 8

-,
ES A B

(1966) demonstrated that when subjects were required to hold a constantfw
: y K v

7 angle at the elbow joint against a resistance, changes in the load

Ke so and Holt (1980) suggest that this mass—spring account of
limb loc_lization reduces many of the problems confronting theorists'v

in movement control

H"Perhaps its major characteristic for our purpose is: KPSy
. that it 'is intrinsically self equilibrating ~once- .].'va o
set. in.motion the spring will always come to the. _same:
resting length for any particular load value." 2
‘Neither an: increase in-the initial deflection of the
*tspring from its" resting length nor temporary -
w'fjperturbations will preVent the achievement of. the. o
B iequilibrium point....,. (p 409) A :

k4

Y

',:" S A i e T R e B
r’ One‘concernnof'theorists haS‘been tofexplain-hOW‘the“brainv
accdmmodates variability in the context within Wthh movements occur'

Iabelled by Turvey et al (1978) a8 context—conditional variability.‘:

R N e

Simply, this refers to. the lack of an invariant relationship between '

_] centrally generated signals and movement autocues, what Schmidt (19 Qi;;



N

dil979) would call motor~output variability Since'the mass~spring'

‘.fdisregards initial conditions and is impervious to. perturbations of

.[‘movement trajectory, it goes some way to alleviating this problem.

Aslo of concern is how end point might be achieved through a

N

'.variety of movement trajectories and diverse kinematic details such

:as velocity and amplitude.' Accdrding to Kelso -and Holt (1980) it is

”ninot the kinematic details but the underlying dynamic parameters of mass,"

d’\stiffness and viscosity that are important in the regulation of

-'*‘movement.; Specification of these dynamic parameters determines

P

) 5kinematic details and variability in these parameters Will effect the
"ﬁlequilibrium process only in terms of the observed kinematics but not -

il.in achievement of equilibrium position.v'll' f"*-f .h~;'7fbl

b

Kelso and Holt (1980) have attempted to determine whether any v

"fof the observed kinematic characteristics that occur in localizati\n

. A S

o violate the maSS-spring model dne prediction is that production of}ﬁg"'

terminal location will be superior ‘to production of amplitude since if-;\

, s

'fterminal location is specified by a motor program as ~an equilibrium _d:j‘
‘l”point. However, amplitude production requires programming of new

f:equilibrium p01nts as the initial conditions vary. Kelso and Holt :

o

'(1980) demonstrated that reproduction of 1ocation is hardly affectedt,gd?.

'uby changes in initial starting point, whereas amplitude reproductionyrvf“‘

o reflects a bias to reproduce location. .

_,f’....the data are consonant with the equifinality
jlcharacteristic of a mass—spring gystem, - - That is," .~
- Lfdespite changes in-initial: ‘conditions (displacement
“of i@ limb to a new startlng pqsition) a mass-spring
.,.fsystem will always reach an‘invariant final position
Lor equilibrium as determined by its parameters._
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i

';Further Kelso and Holt demonstrated that accuracy of moyements was_

'inot affected by perturbations which again supports the mass-spring '

. "f'-’!

(»‘view.':'

Cooke and Eastman (1977) and Evarts and Granit (1976) have

f;

‘pr0posed fast acting feedback 100ps, acting in a. closed loop manner,;
'.-to account for these findings. However, Kelso and Holt (1980), using
a wrist—cuff technique, demonstrated that performance in a 1ocalizationl“

task showed no significant difference between perturbed and
non—perturbed trials, even in the absence of sensory feedback 'f\_i_
p. . 0

While the mass—spring theory of 1imb 1ocalization appears to
' jaccount for many observed phenomena in movement the\applicability of'_"
' ;this engineering analogy to theuhuman muscular system is open to someh;‘
:Idispute. Houk (1976) demonstrated that when loaded, skeletal muscle»ff'h
twfails to demonstrate the same characteristic elastic properties of
’jLsprings as suggested by Bizzi et al (1976 1978), Polit and Bi221
/ o
d(1979), Kelso and Holt (1980) and by earlier worker (Bernstein, 1947 ‘]'
hCrossman and Goodeve 1963) In fact, HOuk (1976) demonstrated that} ;f:

J

»[the spring analogy to muscle breaks'down if the muscle is stretched by

;Uonly l/ of its original length Houk goes on to pr0pose that the "‘f ‘

2;5;1mportant pr0perty of muscle in the control of 11mb localization is'w 1' '

v

w;the,property:of stiffness which is the function of length and

. tension}‘:

' This theory is well supported by evidence from neuromusculari“'

: ﬁiphysiology whichnhas demonstrated the presence of fast acting

i}{feedback 100ps which may be responsible for adjusting stiffness 1h?li7.*

of the muscle throughout.movement (Garnett & Stephens 1980
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d*Buller, Garnett & Stephens, 1980) Furthermore, many deafferentation s

3

' studies demonstrate 1oss of fine motor coordination,of deafferented

o \

’vlimbs while gross accuracy is maintained This observation led
S »

"flGlencross (1977) to: PrOpose a»two tier nmdel of movement controlle';h
'vwhich is paralleled by the current theories of alpha—gamma coactivation |
as. the means oi movament control | ; f ;,; : - ' ‘ |
- Clearly, therefore, while the massespring‘ has attracted a
;great deal of: attention from psychologists, its enthusiastic reception o
'3h'm, t'be tempered by a regard for the evidence from neuromuscular |

fiﬂologists and engineers.

Summary and Conclusions

lhis chapter has presented a number of conceptual‘approaches :

: ;to the theories of‘movement control The early work of Fitts (4954)
:'emphasized an information processing approachito movement control

f_'The theory stated that if repetitive movements of average amplitude'
”,pare speeded up then each movement can provide less 1nformation and
‘,vltherefore, variability in the movement or its duration will increase.;h'f
e'Accounting for this theory,‘érossman and Goodeve (1963) proposed a {:'
eﬁsystem of control based on the continual monitoring of feedback i ///
”,gThe most contradictory evidence to this point of view comes fromv
A];study of deafferentation in which decrements in perf%fmance were//
: not noted in the absence of sensory-feedback.f_[?d'm;dfl ?vdfﬁp/a_‘I iﬁi,
| id”h Schmidt et al (1978 1979) in examining the locus of |

. "variability in movement, proposed an impulse timing representation

vfof movement control Such a theory suggested that variability in



B

‘.\

".movement endpoint was due to variability in force production and

”time production mechanisms. However, while Fitts' law is seen to

I

"hold for longer amplitude, slow movements, Schmidts law, accomodates,

‘,only short duration, ballistic type movements. : hQ'\ J‘h - . ”
The existence of two, independent methods of" movement control .._"

:;would appear excessively complicated Most recent studies, especially

\

”those concerned with deafferentation have favoured a method of

4hmovement control which takes advantage of the passive elastic

' properties of the agonist and an%agonist muscles. The mass—spring ,f‘ "

' ktheory proposes that'final limb position is an equilibrium point
‘ based on the firing rate and recruitment of.motor units, the‘ ,Fﬁ«

T

'Gjllength tension properties of the muscles involved and the passive"f

'l”elastic properties of the loaded mu les. This theory was first . ig;_"”ﬂ

"i:}proposed by Crossman and Goodeve (1963) and has recently been

'”supported by the work of Bizzi et al (1974 19

_), Polit and Bizzi?gi
H’ﬁ(l979) and’Kelso and Holt (1980) Such a theory accomot tes.the; «
‘,:observations that final endpoints can be achieved by a number:'f ”_-v

’ varyingvtrajectories,'velocities and forces. This view of movement
‘control and the evidence to support it ‘are particularly damning :

Vhilfor the impulse timing view of control Impulse timing hypothesisesf;vv

i‘that if the mass. of a limb is increased then the time production fvh

vmechanism will meter out the same length.of time and since the

'ljiforce is maintained then the limb will fall short of the target.p:

’ However, this situation is not observed as. increasing the mass of the plﬁ

’fhllimb (Polit & Bizzi 1979) does\not prevent acquisition of the target.ff

;h'This supports the mass—spring view of control.sﬁ



o lOS.
Although the mass-spring theory of movement control is
-~regarded ‘even by Schmidt ‘and- Mc own (1980) as damaging to the
: motor output variability theory one. or two questions still remain;
0.
Polit and Bizzi (1979) have prOposed that although the mass—spring
hhhtheory accounts for correct positioning of limbs, it must be
accompanied by a mechanism which controls limb velocity. It is
’ proposed that these mechanisms underlying limb movement ‘are -
;independent but act in parallel e . .
Reaction time is generally accepted as. a.measure of processing‘
: ?demands and variations in reaction time due to manipulation of response.f

};parameters indicate the degree to which a parameter is’ a feature

A in resp hse programming. The only reSponse parameter consistently

vh to affect reaction time has been movement time (Klapp et al
. 1974 Kerr, 1978) However, Falkenberg and Newell (1980) have shown
.that these variations in reaction time could equally be attributed '

7 to variations in average velocity.'As a result therpossibility

‘still remains that the system is programmed around the force-time
or impulse requirements of the response, since Schmidt et al (1978)
'idemonstrated that reaction time varied not only with velocity but 5
falso with impulse force.:im ; 'hij th- f‘ ﬁ:v_j'_,ﬁ’h:i’ ‘
It could be that the theory of Schmide et al although not o

. vispeaking directly to this point,-account for the proposed parallel :

?process governing velocity described by Polit and Bizzi (1979)
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Figure A shows ‘the rate of change of velocity with time as

: represented in digital values per seconé This data was bbtained from

the accelerometer during one trial from one subject performing a 40
cm. movement. Digital values have been adjusted by subtracting 200

from each value in order ta reduce’ the length of the Y axis. 312

- ¥

. N
digital values, therefore, represents‘zero acceleration. Values below _

312 represent acceleration, while those above 312 represent decceler—:

3

ation. Due to noise in the system and the extreme sensitivity of

.
et .

the accelerometer, a small fluctuation around the zero value is

. - y
present even when the accelerometer is at rest.
s.\ R .

3

: . Ao
- Time has been»partitioned into four'unitS'

1. Represents time from ‘the presentation of ‘the signal to
' move. to the initiation of the response by the subject. s

This is, therefore, a measure of reaction time.

2 Represents the time during the movemnet in which the limb

i
{

'undergoes acceleration. This is” the time of acceleration-
The area under the curve bounded by the two 1ines of 2

‘represents the accelerative impulse.

'3 Represents the time during the movement in which the limb*l

'undergoes decéeleration. This is the time of deqﬁeleration
TN

’,hThe_areagunder the curve bqunded'by~the two.linesAof 3A

represents“the dectelerativelimpulse.»f

e,
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R Repreaents the time from the presentation of the signal

to move to the completion of the response by the subject.

This 18 a measure of the total movement time.

4
v

Tﬁe computer was programded tosicalculate the variables listsd

\ L
A\

‘fbr each trial completed under each'amplitude of movement. Results

were printed in tabular form.

: Figure B shows the dieplacement as measured in digltal values'

-over time for a single trial by one subject performipg a 40 cm._;
vmovement. The data has been partitioned intc two uuits: :

1. Repteeents the_distauce in digital values~thatrthe éubﬁect

 moved prior td the initiation of a correction. - —-
o ‘ L : 47»»7' .
2. geptesents the distance moved iﬁ[digital values following.
a cofrection;
The computer was programmed to calculate these distances

for each trial performed for each amplitude of movement .
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displacement as a functicn of time
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Experiment 1

SOURCE

TREATMENT GROUP (GP)

AMPLITUDE (A)

GP X A

TRIALS (T)

"GP X T
AXT

GPXAXT

SUBJECTS (S)

'GP X'S
"GP XAXS

GPXTXS

GPXAXTXS

s

' Table

Analysis of Variance

Variable: Reaction Time

19

19

8

19

18
f'  . 36

342

684

¢

MS

g

2011376.0

43368.000
N

33416.000° |

3238.7368 |-

2654.3157

2013.4736

2086.3157

192474.00

. 91424,000

14474.219

© 2600.5140.

2185.1460

N
\

112.

o

22.00%
3.00
2.31
1.25
1.02
0.92

0.95



Table

Analyais of Variance

Experiment 1 Variable: Time of Acceleration
SOURCE DF f MS
TREATMENT GROUP (GP) 2 14005.. 500
AMPLITUDE (A) 2 47720.000
GPXA % PP 717.25000
TRIALS (T) 19 265.31367
GP X T 8 197.63158
AXT 38 288.52612
GP X AXT " 76 215.77631
| SUBJECTS (S) 29 © 3161.2700
GP x s S 27 2358.0000
TGP X A XS 54  1036.3500
GP X Txs | 513 ¢« 274.27000
GCPXAXTXS - 1026 . 265.93000

*p <.05

13,

0.97
0.72
1.08

0.81
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Analysis of Variance

f;ﬂE*???iﬁég§‘lt  ? o Variabﬁe. Time of Deceleration  2.? e

SOURCE  f,?g ‘»j vpE o om0 E
e TREATMENT GROUP (GP>’~\\[«;~~2 00 .93208.000° - - 4.84%
| AMPLITUDE (A) 2 om0 g

i XA 2459. 999o'f:5 f  ff7°?13ffa :

‘*TRIALS-(T)f"f;éla”ﬁ;‘52 A '.2189 4736 0
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Cerxs JJ”X{ffj '*,f57ffff";27f' '7_'t'j:19253 333'?fff’>'""~"

LGP X T X$ ' 'iV L 513 .:756'”6492 2200

“&{4‘;\51\ GP X 4 x T X S 1026

”,Q..%2;<;05i:; 
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Analysis of Varlance :’,' 5\ = .._:7 S 3 .;‘

t“EkPéfimentfl o Variable- Distance Moved Prior to Correction T

| SOURCE e '~."-**; % .{f BP0 M8 - . B
2

| *TREATMENT GROUP qGP) L*.6728 ooooﬂgf'f"'*.'0;93

ij~AMPLITUDE @) ;”f{;j }>,'  sz?;v7ff‘v 4341160 ojfﬂ; :  . 1479;§ﬁ&f,:5"7
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J_E#pefiment1le*‘
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Analysis of Variance
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- Analysis of Variance AR
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SO ‘ "Analysis of Variance
- Experiment 1 ~  * Variable: S.D. Durationiof Acéeiérafive_lmphléef

s

LY

- SOURCE' . - - . DE-. . .. M§ . F

TREATMENT fc';g‘o‘Upk(Gp)" el s 138630 533* |
kﬂ‘ﬁ‘AﬁfLIfUﬁE (A)‘rqf‘\‘.f“:‘1 v 2 :f‘”rlulf 53{;750T ; .;   3 2;248; .
Cleexa, S 4 154830 ' ~"5- 5,8.’ |
S"UmECTs‘(S)»‘;: i . -.{. - 29)? N 316900 o o
Coerxs e o 237690 (RN



o

LTTS%le .‘f"”

_Xnalysis of Variangg' o

Experiment 1 ,VgriAble;b;?; Dutation of Decelera

SOURCE ~ .- . DE. . Ms

— ——

| TR?ATMENT'Qunp (¢P)_ - ‘_aéé\ 5 “11292,75‘ "
‘AMPLiTuﬁEf(A)f ill‘.:{ ; 2 . . 7_-107;756d
Cosmmrs ) 0 2e3e0
H1' ¢P X'S’- £:L e y,gi"':_7 27 © 2303.630

ePxaxs . s 1745.890

.-e‘l

- 120.

;1VefImpulsé‘

E

Co4.902%

e

R ’ .
: 3

0,062

0.407

PO TI



\ R Tabie .
N\ . N . . .
\ oL - Analysis of Variance

‘\Expe>~:[.\méh‘t J. ' Variable S D Accelerative Impulse

'SOURCE e DE 0w

TREATMENT GROUP (GP) 2 2 1021717.00
AMPLITUDE (A) N -f_”v  }:"ji2T A 28?1120;00'
GPxaA fnTl‘ S 4 " 38400.0000
SUBJECTS (S) L, -
GP XS  Ajﬂ e e _ZT- = ,TT'501826.130 ;

B /GP X AX s o s ‘ ‘T299633é7501i":

121.

]

. 2.036
9.482%

0.128



Tablg
- \ An‘ally'sisv of X{arianc; |
.Experiment 1 3 VariabIE: S;D. Deéelerative _Impﬁlse
, | o 9
source . P N A
TREATMENT GROUP (GP) R . 1.369
AMPLITUDE (4} . ._7._ ?_.- 2 co - - »_\ - 4.981%
GP'XA | ;f 4 P ' 0.491
, jSﬁBJECTS'(S) “' 'L"’u* L 29 |
exs g

GEXAXS . - 54



/o o o 123,

Table
Anéiyéis of Variance

Experiment 1 . Variable: S.D. Distance Moved Prior to Co;rection‘

SOURCE. N N F
. - " R - S
TREATMENT GROUP (GP) 2 9.24800 - 0.122

. AMPLITUDE (A) Co. 2 1607.19 26.532%

GPXA S & Us7.34000 0947
SUBJECTS (S) 29 70.9400
G xs Y . - 75.5130

- GPXAXS - s4 - 60.5740"
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1]

Table ‘ . - >\\\\

Analysis of Variance

g

Experiment 1 Variable: §.D. Distance Moved Following ‘Correction\

L%

SOURCGE ' DF - s F.

- TREATMENT GROUP. (GP) o 2 2.1780 o 0'233;‘
\\\AMPLITUDE @ 2 20041 20.926%
'\Gp;x A . ',”,,;;;”4‘” ; _ 5.8180 o.ss2
H;SUBJECTS;(S) o 2 8.8490

cP X s ‘, B T 19,3440

GexAXS 54 . 10.533

f2‘<-.05“
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Table
Analysis of Variance

'Experiment 2 " Variable: Reaction Time

SOURCE o - DF . Ms

E

AMPLITUDE (A) . 2 14521.9 2.10
PERIPHERAL - TARGET ‘
WIDTH (PTW), . . ;\\{g 2. 13550.5 o 1129

. SUBJECTS (S) ' 93988.2

A X PV 13082.1 °  1.816

AXS 6914.04

PTW X S T (11993.9

’

AXPIWXS - / - 7201.81 o N

N

~. -




;v

\

" PTWX S

Experiment 2

"SOURCE

AMPLITUDE (&)

PERIPHERAL TARGET

WIDTH (PTW) .
'SUBJECTS (S) °
A X PTW

A’ X:\ S
B
AXPIWXS

*n < 058

'

Table

' Analysiéjof Variance\:,

- 126.

Variable: Duration of Acéelerative Impulse

16

" MS

1844,796

291. 4450

26.44100
';13.6640
97.52900
48.69100

. 84.57200

\
N

/-

¥

18.915%
5.985%

1.344

N 5 o
REh e



Table

Andlysis of Variance

Experiment 2 Variable: puration of Decelerative Impuise i
SOURCE = h DE. MS E
AMPLITUDE (A) 2 7946.670 7.029%

PERIPHERAL TARGET

WIDTH (PTW) 2 224.8090 IEREY
SUBJECTS (S) " 4 1603.608
AXPTW .- " 1233.877 2.820
>A Xs B - s ' 1130.548
PTWX S S 8 197.7250
A/X PIW X S ‘~ 16 437.4260

*p <..05:



gZ;A:X‘PTw'

. Epperiment 2
R

SOURCE 5@,'7,5

AMPLITUDE (A)
N

liﬁPERIPHERAL TARGET-‘
L”wIDTH (prw)

LR s
"iPTw X s

A x PIW X s '{j;

:\. Table e  '
Analysis of Varlance
Variable. MOYement T?mg.;i"ﬁ

DF. T . Ms

. 4 , BN 1365908 0 ’V R

sl ff15215.74:5»'r.~~r

2 as749.68 |

.. 128.‘.!" |

o Us.213%

0.578 f': ‘.

16 6069.438 .

o
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. B . W, ' e e
‘ e ’;\“‘_;,‘ “,’- .
. . IR I
‘ B A -
R AT
|

; 2 Expﬁriment 2
:j f"fjl“i'J -
 SOURCE f :
"'AMPLITUDE (A) |
) ;‘PERIPHERAL TARGET
B { w1DTH (PTW)
_iSUBJECTS (s)
‘W'AGX PTW
'“:[A'X'S-J'
e PV X s

v AXPTWXS

Table

- Analysis of Variance  ‘ .

'Effvarlab;e:‘

/‘,‘

Accelerative Impulse f:vi' 

- ¢520564 oo

| ”19618000 o\‘_

\\ .

S

e 7 989102 oooifl W

”:'f'1252668.00

903544000 -

"‘f667482;00§“" "‘

45,92%

ligl‘éle  1: 

'ﬂ12§r?

- 2.789
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v mamle
- Analysis of Variamce =~ . -

‘Experiment 2 . Variable: Decelerative Impulse
SOURCE . . DE - . . WS ° . F

-

CaPLITUDE (A) 2 o 145684050 . - - 6.864%

Yo

o eERmEERAL TRGET < |
| WIDTH (I"‘T‘W)  ' BN - 2 5 158663230 Lt } 
-  A“X¥§TW:.f, i , ;. >.;;.:f; 4E;;‘?‘j: }354jg5j§;d”:-gf3;€:$;252;=;f"'
A xS _‘ | / 8 212232400 ‘ i il

AXPMXS 16 109093110

S splcios S

N



AL31a

‘Table | ‘. '
:;;Aﬁélysis ofVYa;ién¢g 

3ﬁxpefimeﬁ£'2 3 Variable: DiStég&eéﬁovéd'Prioryto'Cofréctibn

| -J-;‘Ani?u‘mbﬁ: (A) L s : :"»9'3:51;6%92.‘7‘:; _' _159_;29_0*-
R T s R
Lt emo L2 Sw.esse a0
e 4 amess o
'. AXPTW 4wl 20287
" ;fPiwa.S i ‘1T ;fj;€€  w€ a f;ﬂj  L M.jdj,i3go f : ffi, '”"

e




- ' " Table

‘ . 'AnalysiS ovaariaﬁée,'»

-’,.,Exﬁgrimenth’*~5x;_[Variabléi7nistaﬁ¢é qued:Folidwiﬁg‘Correctionf '

i""éoU"R_CE, e _qr; RPN : Ms . . g !
AMPLITUDE(A) e 2 1095721 ‘23'9-;430.%_
’ v;_fBERIPﬁEﬁAL Ié%égf‘ T ER iv S e . . vv |

Cowmm Gew oz o6 ¢ CLa1s

Caxem “‘ o e _}'[1:517.057 | _:zv.,z;03.

| Cax s B 8 ., ‘_ 457626 T

o AXPWXS 16 . 62.8200
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‘Tabie‘ o
é;"-‘  e ‘:‘f : Analysxs of Variance

- E*PefimenF[2‘ ; g Variable. S. D. Distance Moved Prior to Correction(i5‘

e

— [ ——

;'SOURCE . ‘1,5;. R - DF’ 'f S . Ms N -
‘iAMPLITUDE W ;11' '  o2 1919077 "_»]1;.96¥f
£' PERIPHERAL TARCET o LT B . ’  | i f
"5?W1DTH,(PIW);' : ,  :jf ;,1¢2:l:g fﬂf;.74§.6350Ai5 fi,i '5;05*ff

OSUBNECTS (8) 4 . 228753

Caxs e s esast
"j:pTw x § '113‘ 8o 804800

| j'A X PTW XS .16 96,2300
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,Tab1e1‘
‘_Anaiysis‘of Variance 3
Expér;ment 2 Variable: SD D,uravti‘o'nl of Accelerdtive Impulse

N
g

: SO_'I’J'RCE.J S I yl_s_ A ;-
: :k”AW,I-VT{IDE”(_‘A) T T g 2 ‘ . . ?.48.('480 1276 |
”VLWIPTﬂitPTW) Ty 2. :"v7l5;765 SO 2.375

_:;,A x ffﬁa"ﬁi$7 "*f;¥ f14&:4¢; fi - ‘698;3§4¥:7416;j&;2?939~;'.f
CAxs ?ﬂji“"%.;'ii” v8L‘.  *q.i;5B3§5$1:  i " S

AXPIWXS 0 TR VY 377 S
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Téble

'vAnalysis Aof_Varianée Y
‘Experimenf: 2 ' Variablé:» S.D. Duratibn of 'Dec‘elera’ti_ve-_Impglse

. ] R 4
' SOURCE .~ - U DF : MS. ¥

—— . ——

/
/

PERIPHERAL TARGET/. -~ , ..

-AMPLIruDE @ 2. ¢ . '8042.14 . 5.539%
 WIDTH (PTW) - = = o2 el7i7es . 1746
suBsEcTs (s) . . 4 . 3767.49 .
CAxePmW 4 T 285316 2,215
AXS .8 . lasiee’ |

CPTWXS | 353.744

o S R . ' _ S - A
A XPIWXS - o w160+ .1288.28

. . i » o B . 4

i d
.,m‘

R



.

" Experiment 2

SOURCE

~ AMPLITUDE (A)

PERIPHERAL TARGET ..

WIDTH (PTW)
" SUBJECTS (S)
AXPWW

AXS

CPTW.XS ¢

A XPIW X S

*p <105

.136.

Table
. 4 : o ¥
Analysis of Variance
Variable: S.D. Accelerative Impulse

i

I

bR ‘MS.

—— . —

2 2844753.0. . . 4,68%

N I “721466.00 SR 3.47
4 62335.000

S 527763;b o 1,87"‘
g 607734.0  ’>v |

8 208001;0 ”  .

16 70281419.0



“

Experiment. 2 -

SOURCE

* AMPLITUDE (A)

- PERIPHERAL TARGET .

WIDTH (PTW)

SUBJECTS (S)
AXPTW .
» A.x S |
PTW X S

AXPIWX S

*R. <.OS )

‘ Aﬁalysis of Variance

.. 16

' Variable: S.D. Deéelerati#e'lmpulse

~ MS

11460300, 0

| 8303421.00
’..67239232}01,
,'40652767;0:
17561313.0
716344400

“°18118271.0

"137.

| =

6.53%

1416

2.24
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‘Raw‘Daté from Expexipents One and Two

§

., ‘TheQdatabfor eiﬁerimentlone is\?iganized in the following -

. manner:- -

Column 1
Columns 2«3

:, Columns 4-5

S

Columné_6+7 .

Columns 9-11

Columns.13-15

e - Columns 21-23

Columns 25-27

Columns 29-31

,jC51u@gs'33—37h

’Coluﬁné 39-43

For Experiment Two data will

C . Columns 1-6

]

é:ejas'follsws:~
| Coltmn 1
cclﬁps*z;s |
_? Cdluma 4

Colﬁmnsf5—6

Reactibn‘Tiﬁe v -

Columns 17-19°

J

Treatment Cohdition

Amplitude of Movement |
QSubjecﬁ Number

Trial Number

Duration of A¢celérative

Impulse

»Durétion of Decelerative ,(

3

Impulse v
-Movement Time °
‘Disténce Moved Without
‘Correction '
‘Distance Moved Following
] o
Correction | ‘ e
TR

Accelerative Impulse

Decelerative Impulse

be found in the same columns.

e

Subjecthdmber
Amplitudejbf Mbvemeﬁt
Periphefal-Taiget width

TriaizNumberv‘
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EXPERIMENT 1

140.

gt



- 1100101
1100102 |

1100103"
1100104
11001095
1100106
1100107
1100108
1100109
1100110
110011414
1100112
1100113
1100114
1100115
1100116 .
1100117
1100118
1100119
1100120
1200101
1200102
1200103
1200104
1200105
1200106
1200107
1200108
1200109
$200110
1200111
1200112
1200113
1200114
1200115
1200116
1200117
1200118
1200119
1200120
1400101
*1400102
1400103
1400104
1400105
1400106
1400107
1400108
1400109
1400110
1400117%
1400112

070 046
970 034
072070

098 060

072 036
092 048
070 058
070 044
070 050
094 066
076 062
138 064
070 046
070 054
244 048
070’ 050
134 060
070 036
070 044
270 040
070 072
218 084
088 030
204 074
074 048
230 074
070 064
078 068
228 054

076 Ode
086 074

134 082
070 062
076 060
094‘960
070 048
072 058
142 070
114 064
106 062

072 050

100 082
230 074
092 078
070 062
070 056
070 068
104 076
082 080
094 082
070 072
226 Q72

1400113070 030

1400114
1400115’

' 1400116

1400117
1400118 -
- 1400119
1400120

070 070
o078 074
094 084
102 078
070 066
094 088

070 050

086

086
078

062
104
056
084
080
086
044
102

‘118

148
060
084
082
078
054
076
240
092
034
088
058
382

060

176

‘034

062
078
148
Q40
160
172
030
340
178
394
058
236
130

152

138
104
056
160
144
178
124
096
056

186
080
082
074
154
104
062
188

220 071
210 068
266 085
248 068
234 072
266 057
244 0B6
244 096
250 083
224 078
260 065
340 091
284 076
204 070
412 080
230 087
390 083
180 065
234 082

570 071

254,129
356 116
226 118
386 137
540 129
418 136
336 131
220 098
404 131
234 108
356 123

276 113

332137
338 113
462 114
478 127
328 139
630 124
394 139
428 122
298 265
370 277
462 257
294 267
208 246
320 259
318 282
378 272
266 280
282 274
236 280

‘442 237"

306 237
240 291
264 273
234 251
366 248
260 279
264 243

.328 238

068
063

-069
068

068
057
075

079

074
082
066
080 .
076
070
072

081
055

062
069
072
131
130
122
139
130
134
124
126
142
106
127
119

-129

116
122

130

04010
02248
04254

04994

02278
03082
04838
05455
04962
05839
05843
05742
04167
04207
02380
05542
04836
02595
03869
05868
06642
07882
01267
09184
05095
08978
08714
05390
03248
05138
07367
05445
08945
09048
07570
09102

139 07448
127406955

127
118°
253
269
254
268
255
254
266
265
288
271
287
247
235
289
273
254

238

280
256
231

08820
06268

07301
09632
09937
12194
09196
08206
09830
10672
10974
11483
11762
11283
02070
12552
11416
12045

%2309

11181
09484
05667

07773
01212
0692¢
041463
0927%
04857
06665
09169
06560
03697
09380

10120
15032
06677
06442
07477
08735
06623
07900
22003
08062
03069
08988
05110
39693
06395
23453

01517

©3R49
-OH484
18026

01995
18283

30150 -
02279

58376
18630
55677
08630

28967

14205
17725
16087
13310
10751
16002
15922
. 18497
11579

14994’

12082
11331
21827
15647
13788
. 13321
18278
12654
09485
22478

141,

.
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1100291vo§o oss 352352 oeéyoss‘oswao 17350 : o IR
. 1100202, 070", OéB 056 294105, 059 06959710282 . . o v
71100203078 036 086 .378 091055 04089- 10934 - . ' ard
. 1100204.070 058 084 298 106 054 06368 12610 - . L T
- 1100205 070. 052032 482 116 072 06373 11484 . " 7 . RPIR
..11002067:144 062,132 398 067 Q63 07133 19988 o o
1100207 070 osi@b7s 244 092 072 05440 09768 :. . L
1100208 076:060 032 266 100 086 06953 22935 - -
-1100209 0BB 066258 432 058 061 07742 28614 . = . "\
1100210 070 040 468 598 ‘074 072.06722°54270. - o
1100241 120 066. 140 598,066 064 07867 19612
©.1100212 070 034 030 154 047 .089 03817 13128 . -
-7 1100213 /092078032 1368130 0§3 07644 04147 " .
1100214 °070 040" 114 244 084 ‘067 04949 22748 a
71100215114 '060 034 458 114.063 Q6454 01851 .. = ..
-~ 11100216 '070..054 104 248 .086 O 7_09041‘17015,€§§xg-‘ o
"1190217 -074 048 486 674 068 069 06425 05018 ¥ 5 . .,
© 1100218 070-052 032-442 425 072:08211. 02923 """ -~ . )
. 11100219 070 066 030526 135 059 11559 04548
% 1100220 “080, 060 382 550, 066067 09199-04657 .
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© 1200202 076 052 200..348° 109 11103590 09985 ~ -
1200203 :070 048 142332 147 126 0622511881
1200204 096. 054 074 244 107 111002375 04287
1200208 Q72 O58 096 296 124. 113 04403 06716 . ..
1200206, 086 058 106 382 142 [120-06.727.09388 .
1200207082 060 034" 196 094 /117 03780 01551
7 4200208°.070 030 080 200 14612603753 14637 .. = .o ol .
1200208 Q72 056170 386, 139/143 05230 17361, . o 0o e o Lo =z
. 1200209: 0761040 '140° 276 139/ 130/ 02603 11402 - = (- 2 Fo 7 o T
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'1},\14ooaoza

,>,1400220 128 068 034250235 2387
- 110030, 080 030:060, 192 075 055

Syl

11100302\070 030 496 634,057 058
1100303 QhO 030°'076 196 090 073

1100304 -
1100305
1100306

" 1100307~
1100308
1100309
1100310°

110031

21100312

1100313

1100314
- f100315

71100316
‘14100817
'1100318
1100319

171100320
11200301
71200302
. 7.11200303.

- 1200304:

'1200305"

1200306

1200307
1200309

T 9200310

082
074

072,

070,
070
070"
070
070
070
Q70
070

72

070
074,

,030'066 196 060 060

'038 0924 250.092 061

040068 210 100:073"
044 074244 095066
056066240140 068.
0387068238 '097- 057
030.066 188 072 055
036058 '186: 062 053
058074 252 093 066
038 070 198?103 086
'030.068 "196_0BB 07
030442 564 065 ‘065
052 110.266 ‘059049
030 080. 210, 084:063

070044064, 240: 094 059.
070/040. 362:362 061061

010
078

072

.074

080
072
070
016

070

070

'.1200311mo72

171200342
1200313

1200344 -

L .1200318.

1200319

- 1200320
1400301

51A00304
1400305
1400306,
;1400307
71400308
'1400309
14400310

14003117

1400312

© 1400313
14003141070

1400320

072

070
‘070’
1200315 070"
11200316

44200317,

070’
070,

Q70

070~

-084

074 052 04¢
oso;_u 13

070 1
072
070 -
084
1092
088"

070
070
070

'070:

030072 192. 158" 1
‘034 .094 250 153136,
034 064188162, .142.
‘058 084 252 163 141

042 068218 118 O7%1
056078 242 .139°138 -0
050124 .268- 153 141 :

062 094 252:115° 107

.064 122 258 1467 126"

038.124 244132 129
086 110 249, 139 121
030.086.212" 138117

'042.090 252 135110
062 978 242 137,.124
.0562.-082:238 165 - 1432

Q30 096,218 126119
034"082'2147166 142

030 104 226 140 131

03840822207 139."118
048,078 282

034046 17of474,230
068 092,608 :306 247
030" 136 256{234*223

‘046 120 272ﬁ252 243"

13083
01419 "
01863.‘

‘01243
00652
03379

04018 :
04654
07232

04756"

01205 1

01790

‘04975

03760 13

02483 10
01899 ¢
067151

{02656

‘03098
03512

04904
7413

10056

04308 17
05947

01915

08267
07621.71;

07483

01215 "

/07022 i1
‘04704
‘osoozi
07201 118
04295
05445
02462
08751
1083630
5. 07712

089341

05083 1
10600 -
02965
03223. 1

072 126 354 263 246. 1103
072 110 40Q: 301 258" 1153

050 050 516;240 252.;

0407130262 260 242 .0;

‘054, 1307314 274 2511016
032422544 25325604778, 4

062 366.518 250 250 1163

72953244 .08
4, 283,248 1
201" 244‘,

104221, 0
‘06725

l

i
H
i
{




1100401
1100402

1100403
1100404
1100405
1100406
1100407
1100408
1100408
1100410

11100411

1100412,

1100413

1100414

11004 15

1100416
£11004 17,
1100418
1100419’

1100420

. 1200401
©.. 1200402
© 1200403°
4200404
11200405
1200406

1200407

1200408

1200409

1200410

12004 11

1200412
1200413’
7. 71200444

~1200415
. 12004 16

1200417
1200418

-~ 1200419
1200420

1400401

- 1400402
1400403 ;
1400404
'1400405 "

1400406

1400407

41400408

1400409
1400410
14004 11

“1400412

1400413

1400414

1400415

1400416
L 1400417

14004 18;
1400419
1400420

110"
104
076

092
096

080
070

‘080

080

118

110
084
078"
070
070

116"
0132

126
072
072
136

‘090,

102

092

092

.084

100
088

110

080.
102

104

116
072

074

070
122
120
164

102;

082;
116

‘094

074

120
086’
070

082

070
072
118
086

072~

074
086
(o}:1:

1070

076

050
052
050
066
054

‘076

050

052

050

062

062
060

054

066
044"
052"

048

052

046

046
060"

052

080
076
070"
09Q.

078

062
090 ©

066

070"

064

090
070 .

064
082

070
070,

064

058’
084,
‘086 -
090

102
114
038’

110

066

070
112
.090
124
074
066

082

090+'048

Q88

‘076

096

098 1
082

092
080
090

098’
076

078

056
‘080

102

060"
‘048

J242

286
294
184

288"
414
328
252

‘244
274
316
382
506
246
252

232

278

702

342
282
216

280
1434

228
266
326

-454
252

288

272
304

‘308
206
278

298

,406
356,
272
206 .

) 332
.324

492
244
‘482
'274.
460

.-340

4907
436
362

. 392

394

350

384
312
214

416
408
266
326

-

076 060

069 047
068 077
‘077 062
.088 065

083 055
060 053
083 064

053 049
094 063
086 061"

097 063

‘074 053

073 060
071 .056
049 :048

063 069
052 049"

076 061
065 049
146.-124

1597418
05434

132 141
152144

129116

147 2132
144 144
1297115

163 157"

143 122

152 443
1267143

146 .138

137 - 125

133 108
154 129

130 147

146151
140. 115
123116

285 '236.

199246
263 227

232267,

258229

269 249;

279 251

.288 240

266 233

261 253
291-242°
252 234
1263 244

263 241

228 259
266 267
2714.228

268- 235

262 254 .
259 %7

PR

03239

03192

022270
03138
04713
07424
02544 -
03323

03096
05574

05300
04877
02392

05557

02731 11

02677

03922 '3

04207
04194

02784
04535

03926

06099
047413

06249
06799 -
022981
07455

05915

‘02936

04477

06720 O

06689
03321

06321 °0f
05912
06544,
.05606
03708 .0
09118 1
06608 O
06514
07356

04039

04663,
07098
09184 1

06945
07316

072891
04466
06988
06601
‘050861
05179
05459
‘1212270

144.




©. 1200505’

1400519

.~ 1100501 076
1100502 . 076
1100503 072
1100504082
1100505 .070
1100506 070
1100507..070
4100508 070
1100508 110;
1100510 . Q070"
1100514070
1100512 070
1100513 076

© 1100514 072
1100515 080
21100516 070
.. 1100517, 072
;'1100518 Q78
1100519 072
1100520 080
1200501 082 .
1200502, 082

- -1200503 ;070

12005047070

070

070

072"

070

070

070

070

1200506

1200507
11200508
1200509
1200510
12005 11

1400504
" 1400505 -
1400506
1400507
1400508
1400509 .
1400510,
1400511,
1400512
1400513
1400514
1400515
1400516
1400517
1400518 *

- 1400520

072
046 .
056

094
112
082

070.056

030
038,
048

050 -

074
030
062
046
030
044,
074
054
078
074

124,
> 144

072
120
036.

078
036
064
‘064
078
082
084
054
0712
064
096"
088,

112
142

126

116
‘088

104
094 ;
158

098

170

080
144
030
138
080

174

078"
070,
094

1107

10487

142

. 190

080
144,

164 .

300
294
312
502
230
248
338

. 260

320

156

274

302
252

218
332
272
246

“334
274
332
268

326

344.

348
316

244
272
224

2 7236

348

220
346

260
276

272
476
‘514
442

444
306

324
220,

412
408

322

286
392
296

294
256

422
372
278
344

097

‘091

097

069

147
“150

158
272,145
310 -
288
.288
362

104’

151
148

160

260

278

230/

.242

398

083
076 055
106
070 043
062 052
086 049
075 053
089 051
086
094 064
055 -
075

055
‘055

089"
083
075

082
128

050
103
101
{04
106
109

155

150 .

146
149

113
120
136

451,
137

144
142
123
138
128

124142

$30 149,

149
207
290
248

134
207
298
230
260 239
259
252:244
203 256
253..209
.247
253250
243241
278:232
276
252
258
257
232
264
248
247

238

045,

060
056. 04
01057

02933
-02298
07218
085"
05303922
‘03498
054°
056
067

049
049

04042

06614
122

113.
104.

125

126
109

258

‘08148
70722009197 -

268..
244

231

225:

10444
08122
14337
06149
10305
17931
05746
10908
06887
06518 .-
08247
06937
07356 .
03968 .
07824
05859

04435
02979
02990
04911

01694

00621
05:129

01153
07153

05694
07.136. 04198
03415 12248
Q4731 10311
0233143995
01775 13165."
03601 17159

06614 23187

06840 09537 -

05905 11848 -
06816
03381
04649
04349
04413
Q47214

18203
12947

(15701 .
05012 07230
02794 18155
07613.09.1%3
03184 10334
03733 10624

17065
10873
30147 -

04318
05336
09294

0726716316
05847

16518
07282 17372
08708 09177
08153 16640,
06178 01323
05321 21799
08889 12620 ..
20423

10403 -
15780

09217,
087586
0786014313 "
05398 06465 "
0735214284 -
05580 28132

04062 10313
08120 13405,
0711513209 -

06022 - -

12663 .
21152

13756,

A TR

!

05469/ 11257, ="

L

145.



Cd

L : : 140,

1400601 ‘071 030 076 544 066 059 00933 03621
1400602 .082 ‘040 044 186 057 077 00594 01520
1100603 134 052 084 290 078 077 02556 03072 S R

21100604 086 074 030. 600 060 065 .03821.00196: " . - =~ . v,
1100605 150 034 032 328 046 060, 01247 01434 ‘
1100606 082 042 034 178 047 060 01195 01467
1100607 174 032034 352 046 047 00478 00148
1100608 174 054 338 80O 066 065 03072 11280

71100609 '086:.032.378.516 055 051°01218.08529 :

14100610 102 056 030208 057 068 0275300472 .- - . '
1100611 071 030 076 544 066059 00933 03621 o e K
1100612 082 040 044186 057 /077 00594 01520: R . s R

- :1100613. 134 052084 290,079 077 02556 ,03072 o R '

7. 1100614086 074 030 609 060 065 03821 00186
1100615150 034032 -328 '046 060 01247:01434

" . 1100616./082 042 034 178 047 060 01195 01467
©"1100617° /174 -032 034:352 046 047 0047800148 -

1100618 174 054 338 800 .066 06503072 11280 '

*1100619 ‘0B6 032 378516 .055 051 01218 08529 : ST

. 1100620 102 056 030 208 057 068 02753 00472 e s N

71200601 -1427°030 130 332 110 109 00446 06677 -~ """ : ARG o

/1200602134 .030- 096 280102 103..00509 04603 K - o .

1200603254 057 142 468 133 128 02096 06856 , RN s L A

11200604 130 030 216 396™109 106 00715 09874 . " . SR SO B LT
1200605 070052 124270 131 127 02644 05304 = . « . - L [

. 4200606070 056 ‘830 996 120 122 02748 20734" . S T R
-1200607 264 070-048°402 120 131 05122 01615 . . .~ . . = L o
1200608 118 030 154 322 106 102 01156 05080 . .- .~ ST o
1200609 358 034 052464 114 122 01609 01678 BRI T o

12006107230 060 096 446.128 124 04170 06094 = =0 7 . o0 Ly
1200641°152°030:.102° 304 106, 104 01287 05430 B DU B L
1200612 °102- 056 '032 '210 080. 10102234 00810 . ‘' - Cod
1200613 4128 068 094 718 157134 05026 05886. - . ..

1200614164 030 100.2B4 114114 0162406581

1200615 158 034 102,314 108 103 01714 03696 . A R

. 4200616 "118 056 _030.224.092 .115 03056 01816 ..~ = ., SR ST %
1200617 "178.038 030 266 091 117 02464 0173 LA . S e

©.1200618 112 030°106 290 121 113 01012 07634
1200619 112.060.082 276 129 429 0413305249
©1200620. 154 030 080 288 104101 01235 05026

. 1400601 ‘070 074 0602242187235 0448305242

1400602 126-072 172 380 :237 -235'04031-07866 ..

1400603 102 052 2307426 232 235 .04018. 08947 ‘ L
1400604 088:090 038 236 171 205 07650 00305 - =
1400605 098 072 258-772 252 249 04311 42972 -
1400606 118086 034 260 177 218 08704 01149
"1400607..098 092 030-240.174.213 09142::01503
1400608 106 0881292 520 242.243 03081 23341
1400609 128 -054 -096 298.215 222 02291 07758 -
1400610 184 056 032 292: 1441182 0314001980, 7" . & .
14006141 112 090 272 494 .249.248 08825 08822 R
1400612 ‘278 080 186 658 249 245 04304 /11547 .~ PR :
1400613, 130 084 040 274 1717201 06529 00782 . e s

. 1400614 106 074 064:.244 188221 04708 02152 =~ = | S »

“1400615 148 074 180 422 253 252 05844 -15694
1400616 170 032 272.612 221 .228 01325 15905

1400617184 102°130 336 191 216 10751 01306

© 1400618 136 060 122 365 252 254 02947 09922
1400619 080 0B6 4't8 600 248 250°02767 17760
“1400620°110°084 ‘114 332239 241.05720 08658

[



1100701

1100702

1100703

1100704

1100705

1100706
1100707
1100708
1100709

-11Q07 10

11007 11

11007 12
11007 13

11007 14

1100715
11007 16

1100717

11007 18
1100719

1100720

.1200703
£ 1200704:
/1200705

‘1200709

1200701

1200702

1200706
1200707
1200708

1200710

12007 11

1200712
71200713
1200714
1200715

1200716

1200717

1200718

L 1200719

1200720

1400701

-1400702.
1400703

1400704

| 1400705:

1400706
1400707
1400708

1400709

| 4

1400710

140071 1
1460712

1400713

L 71400714
1400715
1400716

1400717
1400718
1400719

1400720

070 074
078 046
070 030 .

084 030
090 048
082 052

156: 064

074 062

070 030
086 038

142 074
118 066
146 056

-112 044

188 044
078 054
070 032

072 038

086030

070036

084 052

104 .°072
074 056 °

312 070
120 050
094 070

090,052

086 060
118 074
102 072
078 042
128 082

+122- 052

Q80060
108 060

‘104 076
144 042,
104°070 |

076 064
220 064
070.:038
070 034

070.050

074 030

132, 100"
070.082

070 044.
070 050
‘076030
074 054 .

070 066

070 .030

072 034

070 068

070 058
070 032
070 070

"Q70 048 .
092 056 -
070 080

406

074

- 912

207

~241

058"
062

062
059
050

‘065

068.
060

. 068

062

065

051

071

065"

055

062

067
053.

063
133

. 148

133
130

129

132

125702679
‘02990

139

127

141
130

148
121

104
111

123
129
128

134

239
249

247

242-

246
249

230
221

0. 243;

223
243

..2595

220

227
250

254

239

234

04845

02845’

03044

‘00648

01810

03087

03514

07864
01546
‘01452

07343
10206
03361
03526
04362
02712
02590
01044
01688
01769
03661
03510
02000

05485.

01991

03927

02679

04458
05937

01648

05171
03009
04266
02117

J01510

01099
05429
05475
03318

+03316

03679
04708
02013

05676

06722
05407
05635
01101
06217

07239
03184
04028

06915
06194
03374

08026.
06377,
06518:
09704

00581
05634

01249
02459
03062
00184
06084

03434 -

02345

02510."

01291
08366
05843
03411
08745
03939
08592
00923
10657,

05697 -

02663
11388
13574

06162

04818
01009
01229
04203
01667
00932

03466
‘08191

11495
06792
08054
08146

01331

06902

01758
08558

01551
39157
01581
06404
10128
19118

‘03788

26236
16631
14574
09141
03297
02224
12933
02297

19871 -

08362
02541

02034 -
015735 .

<y

147,



1100801

1100802

1100803

1100804

1100805

1100806
. 1100807
© 71100808
1100809
1100810
1100811

1100812°

1100813
1100814
1100815
1100816
1, 1100817
1100818
1100819
1100820
1200801
1200802
1200803
1200804
1200805
1200806
1200807
1200808
1200809
1200810
. 1200811
"~ 1200812
1200813
. .12008B14
1200815
1200816
1200817
1200818
1200819
1200820
1400801
1400802
1400803
1400804
1400805

- 1400806
1400807
.1400808
,.1400809
1400810

1400811
1400812

. 1400813
1400814
1400815
1400816
1400817
1400818
14008 19
1400820

074034
070.032

070 056 -
074:048.
094 074
070 034

070 066

‘074 030

070 030

070 068 -
.070 048

070 042

080 .040

076 054
070044
070 040
070, 032
070032

090 070
082 042
‘084.076

072 080
082 074
090 040
088074

084 074,
086 046.:
088 064’

158 084
072 078

094 042 C

070064
070 074

-108 068"
082. Ha2

102 078
072 072
070.072
108 072
076.°042
070 030
070 078
070. 066
070 082
090.054
080 072

074 .070 .

072 060

070 064 -
070 048"
070 030"
070 030 ¢

070,050
072 062
070 ‘050

072 074
070 030

130 082
082 094
070. 032

220
158
900

- 240

218
452
422

436

068

048’

064
074
oes8
044
074
069
100
038
076
070
051

055,
061

063

058

0715

> 066.
“063:

061

101

138

176
102
121
157

+17
132

108
132

.149

112

136

109
130
121
105-
113
167
172

| 245

228

167--

238

239
. 240
180

165

226"

242
166
169’
1242

245
168

. 229:

259
240

134

-

066
056

061
‘072

o078
056~
059
059
059
057
058
064
058
068
057.
060

~071

063
076

117
108
125
118

123

149
118

132 128
163
119

143

118

110

160
126
124
17
124

116

115
117
200
242
242
253
211
238
246
237.

216

245
226
225
209
207
247
244"

202

253
245

00906
02358
06483
0233%

-05541

0168d
04844
01074
01115
06518
03023
01819
02077
02962
02944
01377
00786

01763

04542

03540
01115

05844
08192
08866

02499

09856
07868
05026
‘05630
07996
06648

102252
06206

07873
05650
04876

07742
.07234

05665
08713
06598
03441

07933

02803

06794

05076
07330
06412
05652
04262
05508
03065
02411
‘0529 ¢

‘08233

04922

05678

02329
07812
05631
02506

06103
01428
o7118
05153
01090

24117 .

04644
10141
10555

11583 ©

06616
08449
01479

00608..

10368
1098 1
02383
09202
02091
01799

10520

05445

02537,
27583

07870

10571

‘09722 -
09587
24068

06713
06734
05765
03771

C9554. -

04779
10282
06351

20126

24383
05867

00983

33221

05138°

07208
37432

26687
15311

10851

01945,
14776
19684

01750
05244

34482

073143

02955

23476

15503
15577

i

148.




1100914

1100901
1100902
1100903
1100904
1100905
1100906
1100907
1100908
1100909
11009 10

© 11009 11
-7.11009 12

1100913

11009 15

" 1100916

1100817

1100818
1100919

11100920

1200901
1200902
1200903
200904

1200905

1200906

1200907
1200908
1200909
12009 10

1200911

1200912
1200913

12009 14

1200915

712008 16

1200917
12009 18

12009 19:

1200920

4400901

© 11400902

~1400903

1400904
1400905

1400906

1400907
1400908
1400909
1400910
14009 11

1400912

14008 13

1400914
14009 15

14009 16
1400917
1400918

1400919

© 1400920

208 ..

086
272
082
074
108
168
202
‘140
086
082
‘074

078.

108
078
(02:15)
,088
086
074
o84
076
074
074
Q82
102

094

168
088
076
074
070
074

Q70

102
080
‘080
270
112
108
072
080

072

162
098
108
150
.088
o84
082
2112
070
260
156
126
092
134
148
100
080
102

048

058 .

044
040
056
050
054
038
036
038

‘032
050"

050
050
044
030
Q36
036
032
048
068
060
072
046
066
Qa6
064

‘048
066
064’

050
050
052
050

‘064 -
066

74
064
058
066
066
060

046
o74

074
092
084
076
090

094~

092
060

Q786

094

070.

086
064
086
048

086

030 306

098 262

056 382
034 166
042 194,

040 218

036 278

036 296

036 232
098 274.
038 172
042 186

Q46 184

038 216
032 174
032 ‘168

‘032 176,

030 172
230 356
032 t84

034 204"

082 236
032 198

.030 178

040- 228

‘0547214

030 282
0A2 198
042 204
080 248

032 172

058 202
032 174
054 226
032196
036 210
030 394

046 232
030 216
‘030 188

162 338
136 288
186 414
084 280
066 274
030 292
074 576
068 252
032. 224
036 262

‘030 212

178 518
206 816
056 296
284 568
034 274
114° 5

278 6562
100 318

054
072

-057

054
074

069

054
057
067

082

066
073

070,
068’
058-

059
064

‘046

062
073
082
138
102
088
105
120
093

102

108

136"

090
16
092
117
080

100

113

103

089"
230
228
254
225, 2.
“223

207
190
250
233
201
202
192
249
268

L2086
245

201

‘ 253
158 364 264"
246

254

.O7H
069
075
067
079

‘063"

067
072
067
072
075
079
077
070
073
074
057
059
o719
103
136
118
114
120
125
114
121
124
137
111
118
114
125
113

. 115

129
134
123
118
233

236

255
23%

218,
246
240

226

227
226
245
262
218
249
228
252

251
263

00830
01722
00986
00740
02213
01988
01609
02118
01634
01516

01315

02328

.02235

01426
01722
00557
01299
01638
01368
02964
03306

‘03638
05283

02460
02772
03979

04420
02812

03125
04189

02042

01438
01816
03668
02625
04505
06280

04939

15110
04598
01565
03857
01456
05530
04825
07953
07676
06866
07416
05960
05786

02262

05214

05222

04137
08872
05127

. 06850

02850
06815

01604

04078 .

01121
01773
02481
01982
00819

01147 .

01400

08046

01887
03737
02030
02807
01497

‘02222

01773

0089Q.

01853
02103

00525’

08562

00804
01789

02723

04969 . -

02073
02871

-03560 -
07376 -
02235

07170
02231
05456
02150
02478
00188
01244
01281
02097
13150
08947

144849 .

04387
04799
00954
04338

05430

02228

03307 .

01627
18720
10774

03733
22849
01842

10126

12812
17052

10475 -
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1101001 082
1101002 082
1101003 086

- 1101004 110

~ 1101005" 084

- 1101006 086

1101007 104
1101008 100

1101009 096

1101010 106

1101011 106

1101012 128
1101013 078
1101014 078

1101015 -126

1101016 082
1101017, 082

1101018 086

1101019 110
1101020, 084
1201001 070
1201002 088
1201003 .070
1201004 084

1201005 082 -

1201006 094
1201007 " 108

1201008 112

1201009 080
1201010 072
120101t 112
1201012 086

1201013 070

1201014 098
11201015 224
1201016074

112010177072

1201018 078
1201019 116
1201020 088
1401001 086
1401002 072
1301003 070

1401004 070

1401005 078

1401006 .070 .

1401007: 070

1401008 072

1401009 084
1401010, 070
1401011 082

1401012 070

1401013 076
1401014088
1401015 070

- 1401016 070

. 1401017 072
1401018 070
1401019 090

1401020 080

«

066

090

oss

244
182
Jos

:452
258"

242
324
260
228

) 258

286
258
543
268
284

244

192
308

1452

258
252
264

) 406

248
272
292
276
214
280

578

400
258
354
242
492
618

232

284

. 292
/316
" 346

284
234
374
324
332

784

234
302
374
226
486
708
224
204
292
318

282
. 310

290

083

065-

089
080
097

085,
080

081
265
102
081

081’
079.

072
088
083
065

-089

090
697
146

135’
128

133

132,
147 .

125
089
130
114
131
125
126
119

126

121

137

137
127
118
268

‘254 ¢

259
264
243
262
236

205
262
244
201
194
245
252
248
250

265

060
079
075
060
080
078
063
069
064
064
065
072
070
063,
068
060
079

060

080
146
130
126
129
131
142
122
112
132
116
128
118
126
114
122
119
147
136
122
114
245
250
60
43
242

253"
234

278
252

‘242

230
250

251"
242

238
243
246
238
247

269’

.03444

00769
00807
03057
02814
01544
02179
03257 .
01859 .
01130
01718
04960
01653
03921
02105

‘01145

00769
00807
03057

‘02814

01544
02753
04542
04531
04847
02252
04319
04609
01545
03284
01345
02190
02672
03117

04293

02641

03663
04655
01651
04456
07200
04179
07382
05769
05753
05880
02339
09618
05384
04614

‘03986

05686
05880
07220
05177
03805
06782
04218
05080

08875

09292
02446
08561
07297

07981

06570 -

06510
07337
06815
08134

08193’

06823
04894
06681
07035

09292

02446
0856 1
07297
07981
09330
08081
07848

. 07400
09178

06654
10741
01725
08600
17556

11561
09381 .

14434

11513
04753
120486

05422 "

11177
11265
16433

‘14962
17810
‘05432 -

10969
15110
11882
41020
08107

18860

e

12282 |

03501
16817
10765

01235

01960
16835
19332
15931
15736

08420
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2101101 270 064 434 788 050 050 02311 38147
2101102 204.062 358 998 053 053 03985 35644
2101103 184 066 084 354 QB7 066 02775 08991
2101104 312 060 082 478 090 072 02903 08219 , .
2101105 180 062 088 350 075 057 04409 06448 . p o
2101106 226 048 032 326 069 086 01539 01660 S :
2101107 202 068 126 416 057 053 OBOGO 17416
2101108 230 060 130 340 078 089 04251 00508 ;
2101108 254 ‘046 116 436 060 042 01258 13257 . . .
2101110 190 066 086 370. 078 060 04637 04406 - B ‘ :
12101111 214 060 032 326 083 096 02946 01520
2101112 204 058 074 392 069 057 04948 05323
2101113 170 056 092 398 069 047 02175 06272
2101114 180 062 OBB 350 075 057 04409 06448
2101115 226 048 032 326 069 0B 01539 01660 . .
2101116 202 068 126 416 057 -053 05060 17416 Vo
2101117 230 060 130 340 078 089 04251 00508 ] .
2101118 254 046 1.16 436 060 042 01258 13257 o :
2101119 190 066 086 370 079 060 04637 04406
2101120 214 060 032 326 083 096 02946 01520 ° .
. 2201101 472 072 094 658 149 123 06372 10324 _ L e
2201102382 056 110 660 164 120 04543 14596 : . o
2201103 464 056 130 570 113 147 04231 01998
2201104 340 062 114 620 150 118 03735 10065
2201105276 O74 098 550 154 112 05063 08795
2201106 430 068 094 626 144 109 05175 06606
' 2201107 422 064 106 688 139 102 05501 12141
2201108 358 066 092 638 164 127 06415 10130
2201109 360 062 108 638 151 106 05337 13745
2201110 320°078 098 522 150 113 08210 12457
2201111 484 038 086 628 151 135 04184 10569 _ ' R
220%112 368 052 086 614 131 103 05197 07429 Lo e
2201113 406 050 082 574 137 102 05276 OBS6ES o o
2201114 512 090 092 722 144 115 04997 08630
2201115 502 050- 102 684 140 110 04954 {0567
2201116 364 062 116 562 129 116 04373 11717
12201117 256 072 096 516 155 120 04829 09861
2201118 304 076 104 504 122 103 05787 12974
2201119 272 052 098 522 136 111 03905 11774
2201120 344 054 108 572 119 105 03698 11950
. 2401101 346 036 136 620 260 211 61985 14862
2401102 274 050 080 514 227 201 02541 04627 - o
2401103 190 064 148 524 258 229 02885 13191 o v
2401104 274 068 132 628 233 228 06607 16448. -
2401105 368 052 138 652 237. 219 03713 . 16478
- 2401106 290 096 102 .614 287 235 11147 11293
2401107 302-080 130 616 248 -233 06977 16988
. 2401108 184 080 124 506 267 235 05012 13862
2401109 .242 068 126 556 243 235 03919 14129
2401110 252 078° 164 542 255 227 04430 16694
2401114°242 084 164 542 255 227 04430 16694. -
2401112 284 066 118 620 281 227 05891 16221
2401113 242 076 102 532 239. 219 07792 09656
72401114 254 076 134 744 235 240. 07230 14906
- 2401115194 096 120 520 259.222 06412 12278 - : R
2401116 270 042 134 582 245 207 02826 19397 i :
©2401117 280 ©82 096 596 290 228 13294 711538, .
2401118 250 090 106.554 252 225 07921 12475 \
2401118 244 088 114'534 247 228 04126 11019~
2401120 258 084 112 536 259 227 08053 11258 \

°
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2101201
2101202
2101203
2101204
2101205
2101206
2101207

2101208

2101209
2101210

21012114

2101212

2101213

2101214
21012145
2101216
2101217
2101218
2101219
2101220
. 2201201
2201202
2201203
12201204
2201205
2201206
2201207
2201208
2201209
22012140

- 2201211

- 2201212
2201213

2201214
© 2201215
T, 2201216

2201217
2201218
2201219
3201220
2401201
2401202

2401203

2401204

2401205

2401206
2401207

' 2401208
2401209

2401210
2401211
2401212

2401213

2401214
2401215

© 2401216

2401217
2401218
2401219

2401220 .

202
168
148

138

170
118
172
140
148
080

086
086

118

172
140
148
080
422

106.

160

166

184
162
158
152
114
144
152
120
122
156
130
164
154
146
196
236
144

-110

122
120

.220

166
146
178
144
170
148
120
164
158

196
160

158
116
140
158

142

054

030.

042
032
050
050
030
086
050
070

050
‘030

038
054
030
086
050

070!

050
030
054
038
034
036

042

068
062

060;

066
048
068
060
070
044
076
052
040

062,

038
066
070
066
034
086
046
030
052
072
078

064.

084
076
079
048

038

o78
036
034
058
068

030
040
052
048
272
034
058
030
034

030

040
060

036"

030
058
030

034.

030
Q40
060

034.

090
132
092
096
066
078

084

074
032
036
094

072
094

068
080
034
070
074

o714

134
178
184
030
058
168

‘056

052
040

312
258

071

7052

262 %056

238
484
274
226
308
244
270
198
232
180
180
226

308

244
270
198
232
214
318
352
348

324

456
416
766
394
242

244

286
318

288 °

506
306
240
434
374
394
502
386
362
356
290
456
306
288
304

154-396

266
030

048
134
096
030
262
188

096
146

498

294
304
482
586
286

430

382

.398

458

-053

066

077
o78
078
077
070
061
067
068
077
078
o7e
o717
070
061
Jo7
138
133
128
141

151

151
143
159
103
094

146"

161

165
174

164
103
129
141
159

278,

285
279
214
193
266
194
200
205
274
253
176
223
270
301
163
238
287
240
254

077
065
075
065
064

‘031
079
083
081
081
080
081
081
091
‘079
083

081

081
080
138
121
125
109
133
129
117
127
129
140

123

138
153
156
118
159
138

t18

136
‘129
262
278
271
254

245 .

257
241
241
255

02314
01447
01730

00994
02597
075083 02088

00253
04550
01773
03800
‘00557
00748

00687

01989
00253
04550
01773
03800
00557
00748
. 02108
01827

00398 -

00762
01396
02739
02781

03174 .

02883
01409

266 -0

251

221

268
249
261
216

229 {

275

245"
245

152.



2101301
2101302
2101303

" 2101304
210130%
2101306
2101307
2101308

© 2101309
2101310
21041311
2101312
"~ 2101313
2101314
2101315
2101316
T 2101317
2101318
2101319
2101320
2201301
2201302
2201303
2201304
2201305
2201306
~2201307
12201308
2201309
2201310
2201311

© 2201312
2201313

~ 2201314
12201315
2201316
22013147

. 2201318
2201319
12201320
- 24013014
2401302

2401303"

2401304
2401305
2401306
2401307
2401308
2401309
240134Q
2401311
24013142
2401313
2401314
2401315

2401316

2401317
2401318
2401319
2401320

124
182
122
238
134
130
136
090
178
186
332
176
130
100"
134
1492
164
192
160
178
184
168
096
156
114
1027
110
202
110
130
130
180
142
142
158
100
240
106
092 -
156
108
150
176
190
096
260

‘298

368
222
440
308
372
274
102
286
224
292
262
206
334

030
064
064
050
030
036
052
036
032
030"
030
060
030
054
046
040

084

044
060
030
038
078
066
030
072
040
050
064
030
080
064
040.
048
052
038
042

‘058

062
062
032
048
060
048
096
054
076
034
094’
086
066
098
072
118
094
108
072
034
074
094
Q78

066
034
064
030
098
080
328
070
070

038

036
032
158
072
060
07

070
10D
112
040
594
042
032
042"
030
040
030
034,
316

030
280
750
032

036
188
198 -
076
052

102
036
076
076
066
032
034
138
162~
034
108
036
084.
040
172
114
106
206
040
116

400
484
436

338

282
434
536
216
260
374
418
470
338
330
388
398
348

~356

462
268
978
308
220
248
238
202
210
320
646
262
494
998
242
250

514.

470
394
240
276
244
252
306
310
338
204
506
514
516
504
562
510
504

061 058
068. 072

081 075

060 067
069 061
075 069
063 063
056 070

062 .074-
073 068

053 057
071 070
056 054
081 070
082 068
077 067
08% 077
087 081
114 073
052 063

132134

117 132
082 106
087 113
102" 129

084,111

0887113
091 113
140" 139
084 110
137 137
125 126
081 109
100 121
132 130

132 128

129 130
115 128
141 138
091 114
212 248
221 241
172 212
167 203
151 196
263 256
242’ 246
189 231
257 252
187 226
260 254

198 232.

610 2251 244

334
678
522
382
998

030.:350

032

464

275 272
264 258

238 244
243.247
246 250
207 248
199 232

00578
04630
03113
02653
00195
01312
02734
00339
01210
00171
01016
03571
00658
01837
01775
00886

07109

01342
03238
00288

00493

07643
02491

00093

05757
02534
03557
03182

01354

03766
05631
Q1306
02097
04057
01347
02349
03543
03633
03167
00927
01416
05253

02913

04620

03177

04497
00228
06068
04124
03255
05074
04449

08666

04036
06613
02854

01647

06032
06516
05369

05704
00412
03203

00733

13141
03803

20329
02132

00832
10289

00865
00221

11029
03201
02403
05349

05456

09525
04252
02272
33962
00638
00761

‘03619

00104
01546

01041
01282 .

35934
00449
19382

.28339

oo886
01370
13541
13024
05422

02734

07644
01801
05080
03684

02003’

01360
01497
11867
11678
01776
11808
01404
13783
02703
14446
09802

08989
25057

00587
16916
00762

01575
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2101401
2101402
2101409
24101404
2101405
2101406
2101407
2101408
2101409
2101410
2101411
2101412
2101413
2101414
2101415
2101416

2101417

2101418
2101418
2101420
2201401
2201402
2201403
2201404
12201405
2201406
2201407
2201408
2201409

2201410

2201411
2201412
2201413
2201414
2201415
2201416
- 2201417
.-2201418
T 2201419
' 2201420
2401401
2401402
2401403
2401404
2401405
2401406
2401407
2401408
2401409
2401410
2401411
2401412
2401413
T 2401414
2401415
2401416
2401417
‘2401418

2401419-

2401420

074

152
174
176
190
142
120
134
180
138
156
198
164
196
138
152
136
236
174
166
160
182
174
188
142
186
144
182
172
090
124

232.

186
142
160
188
142
182
172
090
156
170
248
184
522
208
208
270
246
206
256

030
058
072
050
070
050
030
044
056
054
072
068
074
Q72
072
070
Q76
078
058
042

072
124

038
048
066
072

080

056
062
046
040
[02:1:]

080

066
072
Q48
066
056
062
Q46
092
086
076
056
060

058

064
054
066
082
074

20¢» 040

284
234
240
158
190
192
204
216

046

054

066
090
062
104
084
070

030
080
068
064

‘064

060
086
030
076
030

076 .
082

094
078
054
066
070
096

278
126

033
062
086

076 .

192
072
138

oss8 -

098
030
238

.062

058
192

033

076
192
0S8

098

‘030

140 -

266
130
484
054
074
172

036
030 -

032

292

212
122
124
090

452 -

044
156

030

032
100

057 00853
071 01728

095 072 04687

061 01433
063 05041
073 02343
082 02227
067 00843
082 03184
081 01888
076 03591
077 02525
089 02362
084 02758
075 02433

. 080 03343

056 03872
070. 03860
062 02255

‘065 02110

119 02721
137 07716
126701733
123 01656

123 014214

155 04198
142 02487
130 02335.
140 03551
142 01424
119 00370
121 04279
118 05842
12301421
119 02721
123 01656
123 01421
130- 02335
140 03551
142 01424

254 07538§;
255 047
211 0697

237 02150
255 06165
222 03553
248 05617
195 03643
22% 05735
213 06917
234 04932
267 02699
251 04266

' 249 03428

245 02663
243 07573
244 01647
259 11245

| 254 .03582

216 06076

02882
09114
07522

05823

04576

04266 .

09524
00568
06693

00956 .

03231
03647
04570
03821
04085
06262
03873
0456 1
09362
08547
00124
02953
04969
05448

09362,

06596

05981 |

04463
04763

002586

16985

04362

04069

09362 .

00124

05448 - °

09362

04463 .

04763
00258
07573
14713

00473 .

23862
01548
01805
05561
01869

0122
01330

13680
06667
12736

10641

13069
08196
34309
00884

07854 . .
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) €

\

154.

¥
T




s ‘ B 155.

‘2101501 174 042 070 306 082 077 01903 07071
2101502 142 040 034 236 054 066 00690 01797 . ' -
2101503 166 030430 998 068 069 00931 18194 o
2101504 074 044 076 234 085 070 00660 08410 )
2101505 182 034.036 272 069 077 01310 01121
2101506 172 034 030 256 053 070 00682 00485
2101507 136 030 060 226 080 080 01782 02521 : ‘
2101508 132 036 036 244 067 085 00093 00982 e
2101509 154 046 074 304 078 074 00856 05445
2101510 208 O30 030 288 061 081 00436 01881
2101511 174 042 070 306.082 077 01803 07071
2101512 166 030 430 998 068 069 00931 18194 ’
2101512 142 040 034 236 054 066 00690 01797
2101514 074 044 076 234 085 070 00660 0B410 :
2101515 182 034 036 272 089 077-01310 01121 .
2101516 172 034 030 256 053 O70 00662 Q0485
2101517 136 .030 060 226 080 08B0 01782 02521
2101518 152 036 036 244 067 085 .00093 00982 -
2101519154 046 074 304 078 074 00956 05445 - *
2101520 208 '030.030 288 061 081 00436 01881
2201501 148 048 034 252 099 131 02279 01909
2201502 164 140 036 360 140 147 06921 00671
2201503 158 064 030 272 094 122 02392 00384
2201504 158 040 066. 284 (088 120 00527 02748 : o e
2201505 166 048 124 358 133 133 03470 09597 :
2201506 198 072 062 352 100 117 01961 01835
2201507 212 030 034 296 102 138 01605 02065
- 2201508 188 052 030 290 103 127 03769 00473
2201509 136 044 046 246 110 140 01211 02025 °
£ 2201510 202 064 @32 318 093 120 01261 01653
2201511 188 062 044 314 103 128 02746.01137 o . -
2201512 148 030 034 232 107 145 01656 01844 : T
2201513 152 044 030 246 131 177 03852 01047 :
2201514 190 050 034 294 090 114 02704 00652
2201515 176 032 034 262 089 118 01885 00599 -
2201516 .158 046 036 260 085 111 02013 00374 ‘
2201517 212 038 @36 306 085 112 01718 01248
2201518 224 054 034 332 101 126 02104 01492
12201519 072 032 402 999 147 147 01604 32301 , g
2201520 136, 060 .032 248 100 132 02999 02043
2401501 190\862 156 354 253 253 05341 16703 ,
- . 24015027080 152 .520 231,236 04461 14140 ‘ . s , L
W 2401503 124 086 136 452 248 243 06585 12290 » ¥ e
% - 2401504 130°056 198 404 24% 245 02533..17308 ot o B
.z401é®5 108 056 158 352 247 248 01983 12625, : ‘ .
2401506 ,186 056, 148 512 245 247 01376 18567
2401507 199 £050° 120 380.232 230 03953 13731
l24dﬂsoa,17a owawﬁoa 376 249 252 06402 11798 :
2401509 146060142 374 236 237 03177 17342 3 ‘ ‘ .
407510 7136 058 100 318 246 244 03835 15132 e
401511274/ 058 108- 576 242 241 01832 12373 . . » R .
401812 2267068 098 518 243 248 06580 06851 :
2401513 234 060 104 422 225 226°04174:08909
2401514136 052 128 342 248 249 04516 13902
2401515, 076 044 148 288 244 243 04840 17065 - |
2401516 186 046 138 492 250 252 02549 16416
. 2401%17. 164 052 110 346 243 246 04546 07365
£ 2401518 146 064 100 334 261 259, 06785 07564
2401519 094 058 120 298 250 250 04501 09742
.2401520 080 054 106 260 224 226 05160 11413

¢
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2101601 _
2101602 102 057

+2101603- 208 056

2101604 070 046
2101605 -088 078

148 ‘068

172 478B70B1 072 06892

104,282 089077 05306
070334097 ‘068 06530
054 -244 090059103301

050 .392

112 07407361

' 2101606 070 :050.032 172 040 084 03318
12101607 088 044
2101608 098 068

-, 2101609 .16¢ .034.

2101610 .086 080

- 2104611, 334.:034

21016147134
12101616 142

2101618070 .032. 036.158°.068 - 097 01460
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.06979"

05703
05307
05472
06725
05171
02587
03187
07749
07202
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3

00570
02766
01083
01066
00045
02766
00120
00106
00805
02430
00338

0104 1

00205
04342
00845

04361 "

00485
02563

04616 .
02766 -

02144

11496 .

14816
00882
01504

00309
03891

00969
00551
003385

‘00209
04915 .

06443

06051

04862
03097

05428 . .
10286 .

05775

12091
14717 -
08578 " .

13558

09661 -
12748 -

15244
01188
11851

00696

13240

11528 ' .
09345

17353
$2370
00212

10668

12228
14331
12152

03707

"161.



3102201

3102202

3102203
3102204

-3102205

e (3102206

w1

-

. 3202210 °

3102207
3102208

¥3102209
8102210

3102241

31022124

310221
3102214

3102215
3102216
3102247 °

3102218
3102219
3102220
3202201
3202202
3202203
3202204

3202205

3202206
3202207
3202208
3202209

© 32022114

3202212
3202213
3202214
3202215

..3202216

3202217

3202218

-

-3202219 -

3202220

3402201
3402202

3402203

3402204 -

3402205
3402206
3402207

3402208 -
3402209

3402210
3402211

3402212

3402213
3402214
3402215

3402216

3402217

. 3402218

3402219
3402220°

056
054

-062

050
032
050

030
050
054

- 064
056

060

. 052

032
050
050

- Q48

-042.

048
066
030
120
046
058

044
‘048

048

056
048

056

052
058
120
060
040

- 058

046
048
072

'060.
‘80
;088

080
062

068’
-068-

068
050
066
082

086 -
064
062

078
066
074

066

088

030
032
030
066
036
124

.102

030

052
03¢
050
0s¢e
084

‘044

032
082
032

‘084

128

040
084

106
030
128
178

142

086
156
044
070
076
110

032

040
038
162

‘034
054

046
168
082
092
074
080
032
072

‘082
‘050

070
042

284,
084
084
+034

078

050
066
084

342
372
360
444
352
438

436
374
030 .
134

430
412
360
514
758
756
438
354
366
396
384

456

444
‘166

069 072
071 08O
072 082
086 070
067 074

02919
04647
05515

01821
01392
00164

03136 05312

02319+~

074068 _.Q1647

070 063
068 07
057 070
058 058
078 077
060 069

078 076"

“068 065

078 073

065 079

056 067

073 055
065 079

084 063,
150 137,

103 125

7167 152° 138

446"

a7e
606
662

470

494
592

448-
418

482
450
810

. 386

‘390

‘728
684
420
338
524
416

484’

464

444’

566
468
556
614
496

406

676

546

474

418

830

468

672

426

126" 117
110 143
155 145
122 124
131 122
138 139

121 120.

120 136

146 141
130 146
123 138
110 131
115 142

121 118
086 105

125131
.236 261
261 2658
-2597 261
266 265
253 257
276: 274
185 237

278 274

259 253
245 242
250 255
236 252
245 247
286 284
249 245
.188 238
275 244
213237
248248
1246 244

k4

t44 142

[ o) 083

4682

T00789
02323
03679
03394
03923
03997
03553
01058
01780
01886
01556
02859
06264
01231
06233 .
01459
06409
02919
02790
03900
02003
0i839’
02763
04759
043714
05206
06298
04595
04504
06193
02865
02333
07494
06124
08522
08687
07914
08595
07408
08433
07618
05652 -
06570
08575
06958
10427
06995
10173
08614
05575~
07395
P6267:

01375"

07810
06894
00813
02472

10318
03668, .
00394 -

01368
03558

04554
02576 -

01057
04258
02742
05714
11899
03530
07040
08438
01184
08416
17119

14016

08198
113865
04026
06327
07136
11817
o1128
02660
01660
21800
02114
05539
05264
11052
09108
111714

08644 ..

1206 1
02421
10262
09713
10498.

09136 .-

04249
18001
12251
08416
04873

07267

04999
04518
t0461
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3102301
+ 3102302
© 3102303
3102304
3102305
3102306

. 3102307

3102308
3102309
3102310
3102311
3102312
3102313
. 3102314
© 3102315
3102316
3102317
. 3102318
3102319
3102320
3202301°
3202302
3202303
3202304,
3202305
3202306
3202307

© 3202308

3202309
3202310
3202311
3202312
3202313
2202314
3202315
3202316
3202317

3202318 ~

3202319
3202320
3402301
3402302
3402303

© 3402304 .
- 3402305

3402306
3402307
. 3402308,

3402309

3402310
3402311 .
3402312
3402313
3402314
3402315
3402316
3402317 -

34032318 -

- 3402319
3402320

058 060
048 056

© 052 056

“056 .074

032 064
058 048
088 048
050 090
074 056
064 110

‘034 0OS6

'

- 048 098

048 os88
086 046
032 106
016 066
054 080
066 066
048 078
072 ‘046
060 052

‘052 054

086 042

058 048
052 072

‘072 044

078 042

-076 060

- 064 050

090 142

072 038

072 052
076 068

- 034046

‘058 368

088 034

‘056 042

062 052

1072 052

0901140
062' 064

.. 030 068

040 094

040 146

048 140
066. 036
064 +098
058 116

- 094 116

078 102
036 154
088 148
030 066
030 142
032 184
054 124

076 142

088 068
084 098

054 036

ags
496
420
378
346
‘322
272
342
252.
324
256
352
392
308,
334
428
358
420
354
360
524
296
302
338
386
352
314
310
516
412
304
406
398
450
690
434
364
680
406
401
394
320
396
452
346
244
370
268,
502
304
306
414
352
332
370
432
460
366
370
~282

099
076
070
093
050
084
069
063
080
055
075
073
053
074
085
094

059 ¢
060

091
086
079
165
143
128
142
157
128
143
148
158
122
121
158
159
119
131
139
147
127
158
126
288
224
287

257

272

184°

287
250
2177
262

259

261
242

262

258

262

258

‘285

261
202

055
060
062
067
046
084
066
054
080
052
074
049
041

072,
065"

060

073
079
142
155
147
148
152
128
146
148
138
122
139
158
152
119
136
139
|147
128
158
128
288
263
287
257
266
234
281
243

240°
262

259
248

285

A

262
253
245
245

285

261
25t

05888 03310
04123 04618
02841.02762
04112 07819
00778 04324
05226 01919
04857 04111
01566 10742
07009 02113
02001 09366
01727 05944
02557 06948
02145 03849
05770 00988
01007 17065
05625 04549

. 03447 07678

05270 03975

03867 05140

07558 02740
05962 04557
04194 03279
06237 01258
0414803149
03311 06969
05036 03176
06463 03080
04230 05088
0594704608
08491 00720
03283 03249
08607 03298
05336, 03123~
00855 02207
06018, 35977
16278 01161
08345 03374 -

05070. 04046

08600 03498
08491 03476
10143 10829

00382 16048

07540 21580
03865 29006
04438 12215
07176.0074%

41741 10971

07441 /15038
16446’ 12377
08794 11762
03377 33883

08758 24215

02115 12962
03999 20977
02255 27207
07126 18635
13549 23303
17905 05818
10134 157148

09633 01418 - -
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3102401
3102402
3102403
3102404

3102405 .

3102406

3102407

3102408
‘3102409
3102410
3102411

-3102412

3102413
3102414
3102415

3102416

3102417
3102418
3102419
3102420

13202401

3202402
3202403
3202404
3202405
3202406
3202407
3202408
3202408
3202410

3202411

3202412
3202413
3202414

3202415

3202416
3202417

3202418
3202419 .

3202420

3402401

3402402
3402403
3402404
3402405
3402406
3402407
3402408
3402409
3402410
3402411
3402412

3402413

3402414
3402415
3402416

3402417 -

3402418
3402449
3402420

074
096

040
086

. 044

086

084
084
102
074
oas

© 100

054
- 034

- 074

0BO
086
078
084
088
146
044
080
062
034,
050
132
080
058
062
064
070
054
060
062
064

-.072

066
‘078

066
. 076

107
080
ossa
062
080
072

142

062
o78
056
070
~080
058
060
078

090

080

074
048

114
092
030
086
086
430
078
082
310

.352

518
032
030
106
094
086
098

118

046
104
196
108
160
140
082

104

164
040
138
080
106
116
104
332
128

096

os8
040
104
Q98
108
110

128’

036
038
036

410

786

464
366
348
254
392

998
410
398
998
998
996
332
298
462
538
452
452
328
308
292
424
478
342
286

288 .

760
484
328

254

392
464
546

1480

370
668
354
436
224
692
674

424

242
326
294

384
258
248

078, 594

040
082
118
032
076

078

078
030

338
1442

612
432

802

674
368

107
111,

103
095
106
030
109
105
074
087
099
074
061
066
030
018
092
097
101
094
142
131
113
149
123
132
145

147

165
155
140
135
139
151
170
169

133
161

163
301

211
288
286
290
294
276
287
215
202
217
320
146
281
290
133
305
278
281
187

062
067
076
066
080
072
076
072
067
062
063
065
063
068
073
063
079
074
054
076
142
133
130
132
124
133
146
437
133

125
132

159

138

137
149
150
154
131
152
127
245
286
256
286
260

256

236
253
266
265
272

263

212
267
268
210
259
253
245
242

07761
11901
06715
01651
07769
05109
07745
06841 -
06187
05501
06375
067 14,
10141
07273
02352
02411.
07116
06099
08231

06622°

0578
04200
06770
050086
05375
03359
02510
04739
13274
06914
04113
05292
06336
07925
06806

05537 .

05433.
0666 1
- 05474
- 07510
09691
/07146
11273
10928
10194
11489
- 06766
09833
08993
14900
10962
13960
08194
10040
13797
071177
09167
08497
14287
06578

07374
06304
10868

12200

11560

01540
11657

07849
13606

09728
10976

07985
41390
10778

03225
03677
12201

12110

10809

10030

4617

.02405%
01249

10359
10143

09335

09176
07096

-08346

07602
10137
03578

09515
07756

15379
19471
15533
35984
16519
10192
10583
05385
11792
14398
15444
15518
18510
08859
02710
03157
‘02057
12626

09683°

06895

20228
00913,

17643

12824

10760
01447
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3102501 '

3102502

© 3102503

3102504
3102505

- 3102506

3102507

3102508
3102509
3102510
3102514

3102512

- 3102513

3102514

‘3102515

3102516
3102517
3102518

3102519 .

3102520
3202501
3202502

. 3202503,
3202504

3202505
3202506
3202507

© 3202508

3202509
3202510

3202511

3202512

- 3202513
3202514 -

3202515
3202516
3202517
3202518
3202519
3202520

3402501 -
3402502

3402503
3402504
3402505

3402506

- 3402508 -
. 3402509
3402510 .

Y

34D2507

3402511

- 3402512

3402513

. 3402514

3402515

3402516

3402517

3402548

© 3402518

‘34028520

" 068
062

i p70
B o1]:]
.. bas.

064
056
066
030
‘038
030
os8
038
044
036
052
030
042
. .038
048
096
060
044
060
100
062

114
064
092
122
076

P

.088
064

102,

092
L 090

086’

050

092
098
076
074
102

082
104
088
086
086
086

080

072
080

100
080
080

066

074"

080

046
046
078
042
102
066
064
108
116
084
094
070

112
080
108
136
044

044,

146
048
032

096

034
102
062
066
030
068

-056

062
052
034
044
050
054
050
056
092
032

034
036"

110
128

o4

034
112
082

094
108
088
110
118
086
074
064
110
032

302
464
364
330
402
610
298
382
410

418

518

406

356
386
870
486
464
802

808
366

270

264
446
240

328

294

396

366
296
348

808
312

386
902
372

422

448
622
554
400
430
474
530

842
448
896
502

- 556

488
468
513

480

564
460
470

460

548
424

.081

08 1
oB4
oo
080
067.
079
080
o714
o071

072

063
086
080
065
062
o071
056
064
086

118
104
102
142
111
116
119
134
099
139
139
124.
104
120
132
137"

078 07247
073 05739
070 05129
079 06047
055 01874
070 04661
075 03008
064 02276
061 01509
058 02294
055 01199
065 06955
076 02442
058 02007

057 01539

063 03717
054. 01364
065 03290
077 02490

‘056 03200
417 10796
115 05537

118 04452
131 05673

117 08730

116 04145
127 06676
123 10664

113, 04691

139 03400
137 17585
129 08650

115 04743

120 11293
129 06172
136 14365

136136 11073

149

143
137

.188

204
221
251°

259 -

256
196
246
260

.252

253
251
245

1266

246
254
262
259’
255

185

148 14210
131 11902
121" 05725
241 10026
233 11637
250 10928
237 06996
250 06298
253 11951
232 09820
242 11663
236 12920

242 10585

230 10205
251% 09665
246 11876
254 41552
222 05200
251 10737
253 . 13885
259 11881
234 08204
222 09113-

04930
03089
09298
04550
08926

07479

04774
08237
02027
07221
10063
07036
04959
11358
06452
08924
11849
02527,
06911

05448

24720
02551

‘01528

07541
01583
05615
01940

03680

o110
03837
04274
04298
03055
03318
04543
02679
04724
04897
03136
07954

01110

02637
01583
15436

‘18029

07532
01328
11997
11241
11384

14530

14749
08273
14872
17653
08762
14,1904
09651

15520 -
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3102601
3102602

3102603

3102604
3102605

© 3102606

3102607

- 3102608

‘3102615

>

3102609
31026 10
3102611
3102612

3102613

3102614

3102616

3102617

3102618
3102619
3102620

3202601

3202602

°

3202603

3202604
3202605
3202606
3202607,
3202608
3202609

- 3202610

3202611
3202612

13202613

3202614
3202615

‘32026 16

3202617
3202618
3202619

3202620 -

3402601

3402602

3402603

3402604

3402605
3402606
3402607
3402608
3402609
3402610
340261
3402612
3402613
3402614,

3402615 .-

3402616
3402617

. 3402618

3402619

' 3402620

062
054
048
048
090

048

062
066

062"

058

054

062
070
054

046

048
038

- 072

- 066

068
066
074
074
094

L. 072

066

074

066

062

052
080
042
072
052
056
072
064
066

064

084
106,
076
074
068
098

1 086

064
092
084
098
092
084
088
064
084

084 .
056
. 080

100

050
056
030
078

066

030
030
050

064
058
072
048

226

058 -312

048
064
046

050 .

066
046
048
054

036 2

03Q
048
Q30
048
030
038
032
096
052

030.

070
048

060 |
074

068
032
036
032
360

060 -

128

106

052

068

116
076
102
100

096

082

036
092
134
108
034
314

080
092
067
083
096
073
084
085
067
077

086

083
075
081

086

080
088
086
093
093 -
117
117
093
118
116
090.
108
103
120
084
146 -
142
103
154
116
127
139
133
114
103

211

233

' 243

259
259
247
243
278
259
267
282
276

287

263
251.
301
256
2817
179
246

080
079
076
074
067
085
093

085.

o6t
066
078
068
075
060
086
070
066
086
081
080
129
125
112
145
128

115

135
132
142
106
135
146
136
148
124
129
135
141
131
117
252
251
243
257
259
282

243

246
259
263
251

270

276
244
251
256
243
271
234
246

04697
05836
03177
02522
09620

‘02900

06947
03534
03023
03829
04231

03599
04367
03262
04170
02912
02874
05718
04388

‘07806

05540
04655

‘02560

06615
08780
04328’
02923
04465
04390
03229
03860
07454
04147
05789
02824
04035
05366
06379

‘05494

05730
12971
15125
10298
09281
07599
12532
14460
10752
11323,
08307
13191
11837
12483
11997
09587
11235
10944
09248
11724
13227

04213
07219
00495
05290
09023
01658
01164
02741
03157

05320 .

05523
07567

03164
05542 .

02234
05824
03616
02192
07488
027832
02230
02897
01680

00685

00676
01142
01608
00268
01142

004G2 -

07883

05171

00918

06091,

05829
06476
03255

06137 |

00824
02843
02104

78091 -

06045

13326 -
12286

04107

07786

11542
10776
11887
11840
13163

12620

08333
10716

13266 -

16507
15444
01230

21051 .

5

166.



3102701
3102702
3102703
3102704
© 3102705
3102706
3102707
3102708
3102709
3102710
3102711
3102712
3102713
© 3102714
310271%
3102716
3102717
3102718
3102719
3102720
3202701
3202702
3202703
3202704
3202705
3202706
3202707
3202708
3202709
. 3202710

3202711

3202712
.3202713

- 3202714
3202715 -
3202716
3202717
3202718
3202719

-+ 3202720
3402701 .
340270%,
3402703
3402704
3402705
3402706
3402707 -
3402708 -

. 3402709

-+ 3402710
3402711
3402712
3402713
3402714
3402715
3402716~
3402717
3402718
3402719
3402720

070 068 406 079

' 066
066
046
060
046
062
1042
062
060
078
086

056"

062
058
072
064
044
Qa4
064
044
o070
066
072

050
066

084
076
068
070
066

- 076

074
078
076
074
060
050
070

070
088
o078
090
080
080
072

. 082

078
082
086
078
058
066
076
064
080
076
078

‘072

076

072
044
090
074

106
052
068

104
088
046
086
042
0as
0864
076
062

-092

084
058
304
080
068
064
124
094
052
(o1:10)
140
340
100
092
080
036
072
302
062
254
090
088
102
030
134
088
438
084
082
030
128

714
716
396
374
340
472
328
450
352
290
442
280
340
378
598
402
618
464
512
728
662
754
454
362
388
476
374
660
996
650
ass
804
a42

696

996
586
962
746
- 606

768

700
-490
386
832
$16
662
346
590

128 556
350 998

178
082
142
162
040
142
094
144
146

416
354
a72

576°

' 340
484
440

. 480
534

‘o074
079
0718
072
o070

074

066
077
069
77
079
059
064
072
063
080
069
072
069

119

135

121

144

149
135

1237

138

123°

121
146
124
139
125
158
122
126
125
155
139
241
163
242
245
245
226
266
184
240
234

248 -

‘240
246
252
241
182
253
250
233

245,

T4
4
Ovl
or2
060
060
062
057
070
067
077

065
071
068
055
069
063
059
066
123
135
134
127
138
137

123

136
116
127
144
121
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