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The purpose of the present study was to compare the reciprocal x
: I

_vtapping performance of educable mentally retarded and non—retarded boys o

v

~

’matched on the basis of mental age. 'Dwo mental age levels of approximately

- nine and eleven years Were established within each intelligence group
Welford s correction of Fitt 8. original index of difficulty
fequation was used to establish target information loads of three, four,.\
*and,five bits. The boys reciprocally tapped at these target information

V_loads under instructions for acCuracy and speed. Analyses of Wariance
”iwere completed on. the four dependent variables of rate of performance,-
"seconds per hit, correct hits per second, and errors per second :

e Undev instructions for speed at all three target information 1oads :
’the non—retarded boys reciprocally tapped\more proficiently than theif,i
j‘educable mentaliy retarded boys. In contrast, under instructions for

3 accuracy under all three target information loads only the older non—:

o retarded boys tapped more proficiently than their mentally retarded
rcounterparts;.at the younger‘mentai ageblevel no performance differences’

,pwere found between the intelligence groups. Target‘information load did'

';Qnot differentially effect the two intelligence groups,'f'n

I

:;finstruction cOnditions did differentially effect the’ two intelligenceﬁl-lf‘

'groups as the older mental age non—retarded boys showed substantially

v‘superior reciprocal tapping performance under instructigns for speed at

":all three target loads in comparison with the other subfect groups. The'p

P

1der non—retarded boys showed clearly higher performance scores than

"th ir'ygnnge :counterparts, no. such d i lopmental.increase in perfo?:

the*”wo age grouPB of adolescent mentally retarded

P




""studies -of fine—motor perfomance. Future comparative research studies I |
"to investigate possible differences in response strategies and corrective
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Soas

’years, children lesrn motpr skills which enable then to explore, ._.“f'i J

Hovement is essential for optimal human development. In%theirfearly;f7"ﬁ"

- ]manipulate, and interact with their. phﬁsicsl environment. As they grow-~*?-ff

lo;older, they use motor skills vithin.tﬁe plsy situation to learn A‘i“‘ :

\;appropriate aocial behavioursx Later, adequate motor proficiency

7gfffscilitdtes the enfoyment of leisure-time activities and can be ,,.

-u'~significant factor‘in vocational success.. Therefore, adequate motor ..;-[

‘ﬁ;}performance is important in the 1ives of all peopl A”however, it is ‘ff"?

v_%especially important for mentally retarded perso‘s who are limited in

' f? heir cognitive-verbal abilities.; ln fact, the motor performance

> capabilites of the m taliy retarded may determine"heir ph%sical

"'“’vhealth status, opportunites for socisl interaetions. and PT°SPe°t5 °f
A.“)self—supportinz vocational opportunities (Austin. 1963 Gold, 1973'ﬁ" N ;‘-

;:lQ;Rafick,, 973) Acknowledgement of the importance of adequate motor

'"ff_performance haa‘motivsted many investigators “to, study this essential

;,:afaspect of the 1ives of the mentally retsrded.[_:ejﬁfffiﬂ‘

.

Comparative studies of the motor performance of“non-retarded and ‘
.};ifmentaxly retarded persona hhve generally resulted in significant groqp -
i;;ij;differences in favour of the non—retarded subjects._ Using the Lincoln - kS

"ff}ﬁAdaptstion of the Oseretsky“Test of Motor Proficiency as the measure of

'7v;dotor gerformance, five investigators have reported significant grOup t
i ’ ¥ ! 1” 2' 1‘ i -

'f:differemces in favour of the nen—retarded subjects tSIOanL 1951, "
7' Turnquist & Hsrzolf, 1'954- Distefano zfua, & s1oan, 1958 nalpass,
L ~:1960"and Hofmcister, 1969) Rarick and his associstes, using a

o variety of gross—motor performancn batteries, have donsistently repor edfti
S T SR ‘ het ,, hp - L o » - e R )




“

:'deficiencies in the motor. performance of both trainable and educable

l.mentally retarded children when compared ‘to non—retarded children ' _‘- -
. .

(Francis & Rarick, 1959 Widdop, 1967 Rarick Widdop, &}groadhead 1970;

Rarick & Dobbins, 1972) G : SR R A

2

A number of investigators, using widely different fine~motor

tasks,.haVe reported significant motor pé?formancevdifferences in favsur
,Of non—retarded over mentally retardeo person%&, ‘The - depfndentpvariables
k;L_employed in these studies included pegboard tasks (Cantor & Stacey: 1951;
“Annett 1958*' ?ﬁight Atkinson & Hyman, 1967 Weaver & Ravaris, 1972),

pursuit rotor t
X

sks (Ellis & Sloan, 1957 Baumeister, Hawkins, &-

Hollard 1966 Simenson, 1973), mirror drawing tasks (Reynolds & Stacey,

3

o 4
1955 Ellis, Barnett, & Pryer; 1957) and finger tapping tasks, (Knights,

N Atkinson, & Hyman, 1967' Weaver &-Ravaiis, 1972) In all of the- ab

"studies the mentally retarded were inferior in motor perfo
compared to ‘the non—retarded subjects. Some investigators have

.'considered the effect of: different levels of intellectual ability on |

T motor performhncer Cantor & Stacey (1951), Annett (1958), and Weaver &

Ravaris (1972), reported lower motor performance scores with decreases "&S;

in intelligence levels.v Correlational studies between mental age and the

. e L

motor performance scores of mentally retarded children have resulted in
ks

low positive correlations‘ (Ellis & Sloan, 1957 ’ElllS, Barnett &

o
¥

Pryer, 1957 Black & Davis, 1966, Knights, Atkinson & Hyman, 1967

> -
;

Hofmeister, 1969) R

Y

An evaluation of the results of available studies on the motor fi'
performance of mentally retarded persons indicates that they are generally

" less proficient ‘and more variable in their gross-motor and fine~motor

performance when compared to non-retarded persons of the same age “and sex



R (Bruininks 19745 Wall, 1976)

e

”—performance research area, many inves

,_interpreting their results due to the use of

™~ . t . - A o . -

-
Unfortunately, the specific perciptual-motor problems of mentally retarded

N \
N

.persons have not been clearly del{ineated due to the:inadequacies of the

: 7 e
cOmparative motor tasis\and\research strategies used in the past

.0

For instance\\\n the fine-motor 1;

cigators hav\\had difficulgy

it . 4

F

'mparative tasks which

' a‘resubt in floor and ceilingﬁ%ffects. Furthermore, investigators have

rarely manipulated the difficultyvlevel of the motor tasks to assess

the effect of such variatioh on’the performance of the. comparison groupS'

this information would be an important first step in comparative

investigations. Finally, few investigators have Esed tasks that have

sufficient information on the basic processes underlying the performﬁnce

.,”on them, therefore, when differences in performance are found the

investigators have gained minimal understanding of the possible causes

of the performance differences.‘ L

The- basic purpose of this investigation is to obtain information on: )

1 P [ X

the reciprocal tapping performance of. educable mentally retarded boys.t
‘These boys were selected as the subjects for this study because they
were in the most prevalent category of mental retardation and their
proficiency in fine—motor skills has important consequences for their' .

'future vocational opportunities., The ultimate thrust of this investi-

gation is to obtain a better understanding of the factors that contribute

i,to the fine-motor difficulties of the mentally retarded so’ that effective

:amelioration programs can be implemented

As indicated above, past comparative motor- performance research

studies have not employed effective research strategies, hopefully, the :v

present research design will change this situation. A number of

t1)
1.

o



& S

'qresearch design factors must- be considered if .the information on

£

-performance differences on a. fine-motor task is to add to’ our undersﬁanding'

, of the motor performance-of educable mgrtally retarded persons. The oo

rationale for the: research design of this investigation is based on
“decisions regarding the selection of the comparative task the subject

groups tested and the task variables manipulated' ‘a discussion of each

Fof these factors follows.”f o
The inherent difficulties’in comparative researchstudies have beenaf
well documented (Baumeister, 1967 Berkson & Cantor, 1962 Ellis, 1969"
'Zigler, 1969) Valuable information can be obtained regarding the
behavioural difficulties of the mentally retarded when comparative
ﬂstudies*investigate the differential effects that the manipulation of
';task variables have on the performance of the different intelligence.
. groups in ‘a study (Baumeister, 1967; Clarke & Clarke, 1973) Therefore,
‘the starting point of thisd;nvestigation was the selection of an 'fﬁzpr_i.
appropriate comparative task that would provide specific information
. jon the fine motor performance of both intelligence groups. j”r';'}
A number of reasons made the perceptual—motor aiming task of -
Ireciprocally tapping with a stylus between two target plates an
'hexcellent comparative task for this study.b Reciprocal tapping is a:

w
highly response—loaded task with minimal perceptual demands, It 7

. provides a suitable means for assessing movement control capabilities
" without the confounding effects associated with more highly perceptually—
.1oaded fine-motor tasks. Through the use of Fitt s Law, there is a

quantifiable means for systematically increasing task demands (Fitts, X

f19$4;.Welford,V1968), The dependent variables used to. measure performance



i ST , IR ‘ et

?A,Aonsiderable amount ‘of descriptive

and different intelligenc‘ group .

;research has been completed on the reciprocal tappingrtask with both

4 .

iiadults and children (Fitts, 1954 Fitts & Radford 1966 Connolly, 1968

Welford, Norris,:é Shock 1969; Kerr, 975) Initial research has been!_'

_,conducted on the comp 'nt processes underlying reciprocal tapping

‘969 Ells, ,1973‘; Beggs &Howarth 11970; Megaw, 1975

9.

fRoediger, Knight, &'Kantowitz 1977) .f differences'are found hetween .

v

L'different subject groups on this task then this

sic research informstion?
%ﬁf;could provide valuable guidance for future research efforts investigating
lifthe pr0cesses responsible for these performance differences.. Finally, .
",the reciprocal tapping task has potential use as a part of a vocational
: ﬁwassessment battery. The performance of specific individuals atv
1;1 different target information loads could be used-to match people’more
‘accurately to realistic fine—motor task demands in the work situation
A fundamental dssue in behavioural research with educable mentally
’.fretardedlchildren iS‘whether or‘not mental retardation should be piewed
as a developmental 1ag or as a result of differences inherent within the
mentally retarded person Difference theorists ascrihe lower retardate‘/

:'performance to specific deficits in the componené processes underlying//

performance (Brown, 1973 Ellis, 1963, Das, 1970)

C

The developmental lag theorists phrport that differences in favour
of the non—retarded subjects in most chronological-age matched comparative:
studies are due to the higher mental ages of the non—retarded subjects-

-j (Zigler, 969) Thus a critical test of the developmental lag hypothesis



R - :_s : f.“é
dwould be to demonstrate that non—retardeﬁ boys exhibit”superior reciprocal
| 5;tapping performance in c0mparison to mental—age matched mentally
:vretarded boys even when the latter group have marked advantages in :
physiological maturation and past 1earning experiences.. If\the non—vj:
~Jretarded boys do in fact exhibit better reciprocal tapping performance
"then an analysis of the differences in the central processes underlying
'-.the reciprocal tapping task should be investigated rather than f'
‘attributing the performance differences solely to extrinsic factorsl;
»fTherefore; in order to challenge directly the deve10pmental lag !
,.theoretical position the mental age match research paradigm bas selected
for use in this study ~“In order to note the effect of an increase in |
mental age, two levels of mental age were included from each intelligence
:group. Boys with mental ages of approximately nine and. eleven years J
~were included in the research design.k Therefore, fine~motor'f \
performance differences due to increases in mental\age could be studied
.}within the groups as well as between the intelligence groups.
B Th use of the reciprocal.tapping task facilitated the\\\\ipulationé
of a numker of task variables which were included to: investigate - -\:;Qf

f—performanc

differences between the subject groups.v Target information

_1oad and in tructional set have proven to be important task variables

' '“in adult rec procal tapping studies (Fitts, 1954 Fitts & Radford 1956

o study

§Welford Norris & Shock 1969) Therefore, these task variables were

o included along with testing sequence and trials in the design of this '

. ~

B Target information 1oad wasxyaried by employing three logarithmically
increasing task conditions ‘which were: obtained by employing Welford 8
correct on (1960) of Fitts' original (1954) index of task difficulty

-The amplitude of the task was held constant at eight inches over the



P4

'., three target widths of 286; .523 and l 07 inches"therefore, the

P

S e "_‘

~

' target information load for ‘the three- conditions were \5 4 and 3 bits. j‘

The second task variable focused on- the ‘effect of two different A’57“'

instruction conditions.. The first condition w%‘\tapping for accuracy in ‘{'

»

which the subjects attempted to hit the target plates as fast as possible o

.‘ but under the instruction that they be as accurate as possible. The
o second instruction condition emphasized speed of tapping performance

_with little emphasis on: the accuracy of the performance., The;instructions

for the subjects are presented in’ Appendix B.‘ D ' $f

. The third task variable was testing sequence, it was included to’

investigate the effect of the order of presentation of thefthree target*~.'
A ; Lo

information loads on the subjects. In order to limit the required

testing time, only two presentation orders were included in the study,

a hard and easy testing sequence The hard testing sequence began with '

e

fﬁ the most difficult five bit target load followed by the four and three '

bit target loads, the easy tésting sequence was. ‘in reverse order
The final task variable was the five trials within each of the

six different task conditions o

E *f The purpose of this study was to obtain information on the

following questions

B A

" 1, Do the non—retarded boys exhibit better reciprocal tapping performance '

than their mental—age matched mentally retarded counterparts?

1 ”2.7 Do the older mental age boys in each intelligence classification :

exhibit better reciprocal tapping performance than their younger mental

T

age counterparts? ‘ _bi

":3 ‘Do the levels within the task factors of target information load,-

teating sequence, and instruction conditions differentially effect the
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‘tapping performance of the'two intelligence groups at the .
: " different levels of mental dge? /. - §Yf5

W
)



\\‘fSubjects- - T | ‘;;'. ‘ f
“ ; Forty educable mentally retarded and 40. non-retarded right handed
boys were the subjects of this study. The mentally retarded boys were

‘ students at a special vocational school administered by the Edmonton

N o,

' Public School Board. The non-retarded boys were pupils in two elementary

'bfschools under the jurisdiction of the same Board.
| Permission to test the subjects was received from the Principal of
' he Vocational School and from zhe parents of the elementary school
children. The Wechsler Intelligence Scale for. Children full scale
;;scores were used to classify the mentally retarded boys The results'
".- of the Lorge-Thorndike Intelligence ‘test were used ‘to classify the non-hi
’.retardedvboys The preferred writing,hand was used to categorize the. v
bisubjects as right-handed. Any boy with a. chronic medical difficulty, v‘v
‘ physical disability, or behavioural difficulty was removed from the_v

i;tentative list of subjects A table of random numbers was used to

‘select randomlyrthe ight groups of ten boys to meet the requirements

‘of the~experimenta design.ym

- Research design ’

A mental age match design was used in this study Younger and older
'mental age groups were formed from a tentative~list of suitable boys if (":.
'in*both intelligence classifications. These’ four grouns were'randomly‘l
’divided into easy and hard testing sequence groups which resulted in

: eight groups of 10 boys. The resulting research design consisted of two '

'classifications of intelligence,_two levels of mental age, ‘two testing
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~

'seQUenceS, three target info'rmatio'n loads, two :Lnatruction conditic’ms

and five trials. ‘The general format of the analysia of variance used to

‘analyse the four dependent variables of seconds per hit, correct hits

va.per second ,errors per second and rate of performance is presented in -

A

Table 1 IR I B e

[

The means and standard deviations for CA, MA and IQ 1eve1 for the

: eight subject groups are presented in Table 2, Statistical analyses were

' completed to establish the effectiveness of the matching procedures The

analysis of variance on the mental age scores of the younger and older

-mental age groups for both testing sequence and intelligence groups '

-resulted in no significant differences. Furthermore, the- t—tests on the o

intelligence scores and chronological ages of the subjects in the ~easy

- and hard testing sequence groups within the two_mental age classifications ’

also resulted in no significant.differences.

Apparatus o o ) T

e The reciprocal tapping apparatus -was placed on a solid wood table

"‘Jwith a surface area of 30" X 60" at a height of 30 inches (See Figure l)

An adjustable chair was used to seat each subject comfortably in front of

the apparatus The.major feature ofvthe apparatus was the use of three

F:;pairs of interchangeable blue steel target plates which were machine-

‘milled to widths of 286 523 andol 07 inches -The distance between
" the centres of each pair of target plates Was held constant at eight

‘ inches by the use of three brass filler plates, of varying widths, that

were uged as ‘the centre of the target fields The resulting target
information 1oads were five, four, and three bits as indicated in the
K-

'section on’ target information load. . e o~

Each targetlplate-had eight .25 inch‘error'plates located on each
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. Table 2

. . - . ‘ R N . " N . . l

Mean Chronological Age, Intelligence Quotient, and
Meﬁtal'Age‘for‘Ehevﬁighé'subjectvcrddps (n=10) . -

VRt e e e _ DR

‘Xoungéf Mental Age
: 13§étarded : '1.;:  ' ' th—rétérded
Easy 13.9  67.5 9.41 8.72 111.3 '9.66

~

Testing _ . ' o S :
'Sequence - - . T ey

| Hard  13.8, - 67.7 9.35  .8.78 109.9  9.63

W, YRR
' pﬁ ~© Older Mental Age

i e Rétardéd ) . - ;"-anjretardéd
Je . cA iin MA CA: ‘1Q fifjjlnAf..
- Easy 17.1, 66.3 11.3 ©  10.88 108.8 I1.73
~Testing |
Sequncei

Ny 3 s

o Eerd 17.2 65.4 12 1078 1051 1130,
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"‘1 side of them._ The target and error plates were separated by extremely"

thin nonvconducting plastic sheets; these were cut - to fit exactly

between each of the plates which resulted in a smooth target and/error.

o plate surface. The target, error, and centre filler plates were held »

tdgether by a constricting frame consisting of two % inch steel»eﬂﬁ—“
plates that were tightened by two steel bolts at the top and bottpm of

the frame. In order to change the target information load the two '

——
N

- steel bolts were loosened snd the appropriate center and target plates??

h were replaced': the tightening of the constricting fraTe ensured precise

N

. which consisted of a. solid brass rod, rounded at the end insulat(i

target information loads. The target field and frame was fitted into i

a %" plywood frame that was® 8 X 20 inches.; A brown 14" x 36" vinyl

o cover,.with a window cut out of it to allow only the target and error ‘

plates to show through “was: used to mask the constricting frame of the

: apparatus.,nfj"

' The subjects reciprocally tapped with an eight inch tapping stylus

within a k inch wooden dowel. The tapping/stzlug/h_ a light wire_ L

connecting it to a common lead which'completed a- circuit from a specific

- target or error plate to a given channel on two Easterbrook event

recorders.',é

The circuit was powered by a six volt portable pow r generator, L
s . .
individual resistors controlled the current flow to each of the marker ;'

B /

pens.v The target And error plates were connected to the event recorders:

by individual leads from set screws at the end of each target ot error

o

plate.. An automatic switching relay allowed only one event to be o

: recorded on the graph paper from each side of the tafget field' thus

1
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‘;;number of error plates andAconfounding the number of hits recorded during

5f”ffa given aiming attempt. .‘.t“i

The timing of each fifteen second trial was controlled by a.:

'5co;[inu0usly audible 250 Hertz sine wave Sound that was provided by

“an Eico audio generator. The sound was amplified by a Bogen Challenger'h:
fhamplifier through an 8 watt portable speaker. A Hunter decade interval
*“timer provided a closed circuit to the audio generator for a set fifteen'i
. second period.; Another Hunter interval timer, initiated by the 3
”,experimenter by a push button switch, cgntrolled an. amber warning light

located on’ the- 3& foot high plywood board that5_eparated the subject

from- the expérimenter’and recording and timing apﬁsratus., The warning 'ﬁff

«Eﬁlight was,situatedtdirectly in front of the subject, eight inches above

7the tapping area.- The’ Hunter interval timer provided a precise three w‘

. ¢ijSecond warning period and then automatically started the fifteen second

fperformance sound that was: controlled by the other Hunter interval 17;;§i giti

T

‘"timer., The subject placed the tapping stylus on the right hand side :

‘.target plate during the three second warning period prior to the start ;ﬁ_;f-‘h

-of each trial.‘“

Four dependent variables ware used to measure the reciprocal tapping '
‘- )

' 'cperformance of the subjects The first dependent variable was the seconds

-_hoiper hit time which was’ calculated by dividing the number of hits recordea
. : -}‘. * . .
o on the target and error plates during a fifteen second trial into fifteen. L

i

’ ;sThe second dependent variable was the index of correct hits per second
',:It was calculated by summing the number of hits recorded on. the two
'“target plates and dividing this result by'fifteen._ The index of number

fof errori,per second was the third dependent Variable._ It was calculated |
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by summing the number of hitS‘reco*ded on the error platez/?n-each side
of the target plates and dividing the result by the fifte‘n seconds of

trial time The rate of performance was the fourth dependant variable

a

used in this stuJy. It was calculated by the method recently employed
]

"fby Beggs, érahsm, Monk, Shaw, and Howorth (1972).

e

The effective target width was calculated by using the- root mean

<«

" square of the hits measured 1in inches‘for each trial.
It was assumed ‘that the.distribution of'hits\around each target.was

"normally distributed so that the root mean square value was treated as

o

_the gquivalent of the standamd deviation of’hits, then, by referring to
the table of the normal distribution, the 4 13 units of standard devia-
‘tion was obtained and used insthe following formula to obtain the index

of difficulty. ID = logz ((8/(4 13 RMS)) +. 5)

‘ -

- The raw data were transformed into the above dependent variables by '

a .

%%he folloving:procedure.v Each target'and error plate was;given a

specific.locationlon the event‘recorder graphvpaper. Two seventeen
o t.oon T . ' . .
channel event recorders were used; each channel represented a specific

, Ee
distance from' the target plate to each of the . ‘error plates surrounding
]
y. :
it. The number of hits recorded on each graph paper channel for a
fifteen Second trial was scOred"and the\total punched, at a given field

\

position, on a computer card ‘ SPSS data transformation programs ‘were

v

f.used to generate the four dependent variables. S . o s

.
Co
-

Procgdure/

The testing séssion occurred as follows. The . subject was, met at

the school counselling office and guided to ‘the testing room. During

2 \

 the walk to the test room the,subject wasyinformed that he-would‘be'per—_.



’lforming on apme special testing equipment and would receive his;

. choice of ome chocolate bar at the end of the session. The'subject.was

‘seated on an adjustable.chair so that'he;wasvcomfortably seated in
pfrontlof the test”apparagus.s The teSt apparatus.was set withkthe
three bit target load plates in position. 'The,subject was then read
_the following general instructions and asked if he had any questions."
"This 1is a machine that sees how fast you can ‘hit these targets.
You have to hit the targets one after another with this tapper. When v

'this light goes on put the tapper on this target and get ready to

start tapping. This sound (tone pressed for subjects to hear):will g0

on when you should start tapping ‘the targets. %bep tapping.until the"'

e

sound that you hear stops. U R AN

The subject was .given. the wired tapper and was administered three

<

practice trials under'the instructions for accuracy. (Appendix B) At

;the end of the three trials the subject was asked again if he‘W?d any

questions. The experimenter monitored the subject 8. performance by way

of the hit marks on the recording graphs and an unobtrusive mirror. If

bl

lbthe performance_indicated that the_subject understood what was‘required
of him the_actual‘testing began. Allbsubjects had nO'difficultyv
>understanding what was expected of them in each task. o
During the formal testing session, each block of fiye‘trialsvfor a
given condition was conducted -as follows. The experimenter placed the
appropriate target plates in position The instructions for accuracy
were given prior to the first trial. The subject placed the wired
.t;pper on the right hand side target plate when the warning light was

illuminated Three seconds after the warning light appeared a

' continuous sound was generated for a set fifteen second period during

P

17

LR
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thisvtime the subject';eziprocally‘tapped attempring to hit “the two

.target plates. At the end'of'the fifteen second performance‘period

~
N . »

vthe buzzer stopped and the event recorder automatically marked ‘the end~
of'the trial. -The five;trials under each testing»conditioniwere
conducted?in the above manner; .however,_between‘each”of-the'target‘;
information 1oad levels the target plates were changed;; This ”
-procedure took approximately one minute during which time an individualv
-ftimer provided thehtime control for starting the next testing condition

jwithin the sixty second time 1imit. The instructions for accuracy or
R speed were read prior to the appropriate performance period..
Instructions for accuracy and speed were blocked so. that each
_subject performed five trials at each target 1oad under the'accuracy \
ncondition and then under the speed instruction condition resulting in
'thirty flfteen second performance trials; The total testing session
was" completed usually w1thin twenty—seven minutes..

The.testing of the subjects was completed over a tour week period.
The actual testing was conducted on four days of each test week;
;approximately three subjects were tested each day. IUsingia tableiot
random numbers, the boys were assigned randomly into a testing order.
- If a boy was absent he was. tested at the ‘end of " the testing order
when he’ returned to" school The testing of the educable mentally
_ . - y

etretarded boys at L. Y. Cairns Vocational School was completed during

the first and last weeks while the non—retarded boys at Hazeldean d
5and Holyrood_schools:were tested during the_second, and third.weeks

il
 respectively.



e . RESULTS"

» Four dependent variables were used to evaluate the reciprocal-‘>‘
tapping perfprmance of the subjects in this study. The primary N
‘dependent variable was the rate of performance of the subjects,'
ﬁsupplementary information on their reciprocal tapping performance
was obtained from the number of correct hits per second the, number
-of errdrs per. second and the seconds per-hit dependent variables.

The results for each of the dependent variables are presented
}in four separate sections" each section includes sub—sections‘on
. specific results related to subject. variables (intelligence level
and mental age) and task variables (target information load,
,testing sequence, instruction conditions and trials) ' Significant

'interactions among subject and task variables are. presented under
the most appropriate sub—section, based on the nature of the' ‘

’,-1nteraction. Throughout the chapter, to - facilitate -the - interpretation -
. of the reSults, the higher-order interactions are presented followed
:by lower—order interactions and the qualified main effects. The \"
vcomplete analysis of variance summary tables for each dependent
variable are included in Appendix B. Inasmuch é’s tl:gis developmental--
comparative study of reciprocal tapping performance was- the first to.
‘systematically investigate the effects of the selected task variables,.

the probability level accepted for significance was set at p_— 05.

-

‘Rate of;performance R Co

Subject variables: Intelligence level and mental age.-f

The two major organismic variables in this study were intelligence'
level and mental age. -The analysis of variance for the rate of
‘performance dependent variable resulted in a number of significant
interactions involving the above two subject variables and certain
task variables (Appendix B). : f-

Intelligence level, mental age and instructions.

'l One of the most important interactions of ‘the above type was the =~
significant three—way interaction among intelligence level mental age,f
and 1nstruction conditions (F (1 72) = 7. 17 p_* 01) " Table 3.
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Table 3

Simple Effects Tests for ROP Means Within the Significant Interaction.

» | of IQ, MA, and Instructions _14m/iit;~ff%“’”’f'
_Sourcev : : N ‘S'S;.i o d,f. ' | "}hrs.- - E:va
| .»}Qj x WA x I ‘.3483.42,__ 1,72 38342 : 7"'.‘_1'7*'»~ »‘
1Q x MA ,;: IS 394;91 o _1,14;‘2( " : s9"4.9<1 ‘6‘..30* R
IQ x .MA'at‘Iz' 5;;86_', ‘ _'i,l-aa ' " 52.86 . _‘._8_4 -
*p % ,Qs :

. N L]
1 : . . . -

, summarizes the resu1t3’of'the’simple effects tests on this interaction;
as Figure 2 graphically illustrates, the significant ordinal inter-“
:action was 1ocated within the accuracy instruction condition (¥ (l 144)
= 6.301, p & .0L). The results of the tests on the rate of
perfarmance means“within the intelligence x mental age matrix under
the accuracy instruction condition are’ presented in Table 4 - These.
reSults indicate that under instructions for. accuracy the older mental

age group of non-retarded boys performed at a higher rate of -

J':'performance, at. all target information 1oads, than the older mental

,age ‘group of mentally retarded boys, however, at thé younger mental
-age level, there was no difference between the two intelligence

. 8roups. Furthermore, there were no significant differences in rate
" of performance between ‘the two retardate mental age groups,i_but'

'the older mental age group of non—retarded boys performed at a higher

v ~ .rate of performance than their y ungei counterparts - N
The ‘above analys of the three—way interaction among intelligence

level, mental age, and instruction condition qualifies the interpreta— _’;’

'tion of the’ two significant subject main effects of intelligence level
(F (1 72)\\\b 743 p_* .05) and mental age (F (1 72) = 4 492 p_ﬁ,.OS )

. N
; " . i
PR

S
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| W— ¢

RATE OF PERFORMANCE «
BITS PER  SECOND

¢,
J

MENTAL '--»AG'E |

Figure 2. Mean ROP for IQ and MA Groups.

under Instructions for Accuracy '

bThe non-retarded boys at both mental ages have higher -rates of

vperformance at all targets loads than the mentally retarded boys of

similar mental age under instructions for speed however, as

indicated above, this finding holds true only at the older mental age

level under instructions for accuracy. The significant mental age -

. main effect must also ‘be interpreted with qualification as ‘the’ older ,;
mental age retardates under instructions for accuracy did not have -

significantly highet rates of performance than their younger mental
age counterparts ' '



Table 4
| - Tests'on_ROPvMeans-for*IQ’and,HA Cronps
Under Instructitns for Accnracyi

o

‘Intelligence Level . o e ,‘gf _.Means(bitSISec)

" Récarded'
MA 9 (R9) L T 3.02°

MA 11 (311) S . 3.06

MA 9 (R9) S S 2,79

A 1L RID o T saz

e e ,«‘“_afv(1,ié4),'
HI: R‘b-xll 'i{ B R L0046
H2: N11>N9 TR 11.42%
. Hg; N 9-R9 { | ‘_v o f‘ -_‘r d.' . ;:: .

CH4ENIDRIL . o g.ge*

Task variables* ‘Target.infOrmationficad,'testing sequence,vandv:d

instructions.

~

The three major task variables manipulated !n this study were R
target information load testing sequence _and instruction conditions
Again, the analysis of variance resulted in a number of higher—order

interactions among task and subject variables. .

l_‘.

.J.—.-
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"Mental age, target information loadlgtesting sequencez aﬂd
instructions." )

" The - four-way significant interaction among mental age, target

- - s

information load testing sequence, and instruction conditions was

N

nalyzed initially on the ‘basis of instruction conditions. The results
of the two sets of simple effects tests are presented in Table 5.3

indicated in this table, the significant interaction is located within

. the accuracy instruction condition.

load . x: testing sequence interaction within the accuracy instruction’

condition yasvanalysed Qn'the,basis of target load.

‘A significant
inter&ction was found only within the three bit'targetvinformation
" load.

The rate of performance ‘means for the four mental age groups,

23

The remaining mental age x target f

under instructions fornaccuracy, at each target information load under

the ‘two testing sequences are presented graphically in Figure 3

Table 5

As

Simple Effects Tests for ROP Means Within the Significant Interaction of

MA Target Load Testing Sequence and Instructions;_,

Source

-s.s. d.£.
MAxLxSxI  163.60 . 2,144 © . - 81.80 | 40183%
‘MAxLxSatI; 337.70 1,288 337.70  17.35%
MAxLxSatI; 32,60 1,288 32.60 © 1.68
MA x S at T;Ly  1412.56. 1,216 1412.56 . 15.48%
MA'xS at IjLy - 69.30 1,216 69.30 .76
MA'x S at TjLy  45.72 1,216 45.72 .50,

"7?¢f?
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. ‘T‘ESTING SEQUENCE
Figure 3. Mean ROP for MA Groups at 3 Bit

;Target Load under 2. Testing Sequences L

with: Instructions for Accuracy

. -

seen in Table 6 ; the older mental age groups who performed under thef

" hard testing sequence at the easiest three bit target load had higher{

rates of performance than their mental age counterparts who performed
I
under ‘the easy testing sequence as well. as both testing sequence

'groups at the younger mental age level
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Table 6 ‘ .
Tests on ROP Means for MA Groups Under Different Testing Sequences

~at the 3 Bit Target Load Under Instructions for'Accuracy

_gMental Ages" S J '. o Means(BitelSecOnd).
MA 9
| Easy,Sequence n(g?)'> o . h2{42va
‘ﬁard”Sequence (H9) SR 2,00
Easy‘Sequence,-(Ell)n '1, . R - 2.16 |
Hard seéuéﬁce ~(n115 T 6.09
o~ o " _' g (1 216).
Hl: E9=H9 o ST 1.35
H2: HIDELD , _: L o . 125}33#» :
v'H3; ﬁlleQ"" o : j ‘.”;. .-» p i 1;35.
H4: H11>HO #d‘ | 1..' _';“ o j_.‘i2§;73*
J*pli.OS‘i

Mental'age; target information load, 'and testing sequence;7f

‘The isolated effects within the above four-way interaction
\directly effected the significant target information x testing
- sequence x mental age interaction. Table 7 summarizes the simple
'.efiects test results: for this interaction Again,nthe interaction
" can be attrib_ted to the three bit target load. . As seen in Table 8,
the simple effects tests on the rate of performance means are exactly

‘the same as ‘thoge found within the four-way interaction described

" above'v clearly, this three way interaction is due to. the much greater

'frate of performance of the older mental age groups who performed
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Simple Effects Tests for ROP Heans Within the Significant Interaction of

MA Load and Testing Sequence

Source *i,_:’ ‘ v, éfo L d,f.' T . M.S.Y . F
MA x t,x S . ‘.>206.3l - 2,144’d ' '”103,16' l 'w5.33* |

.MA.iIS at Ly ””-:330{75 3 1,216  330.75 o 9.00%

A x Sfat_Lg . 3.66 1,016 . 3.66 .09
f_MA'a Sfaﬁﬁi3f~,“i 199.48 . 1,216 59.48 ) _2.70_?”

*p &« .05

under the hard testing sequence and obtained uch relatively high
rates of performance under instructions for acdyracy at the three .
bit target information load. v

Target information load ‘and testing sequence.‘

- The above higher-order interactions must be considered when

interpreting the significant interaction betweed target information

load and testing sequence (F'(l 215) = 6.118, p & 05 ). The results

are presented\in Table 9 and - graphically displayed in Figure 4 ; -the

boys in the hard testing sequence group obtained higher rates of

.performance than the boys in the easy testing sequence group at the

three bit target load; however, testing sequence had no effect at

. the other two. target information loads. This significant interaction'

-at the three bit target load can be attributed largely to’ the higher-'

xorder interaction effects, associated with testing sequence,

delineated ahove

Qof the tests-on the rate of performance means within this interaction~ L
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Tests on’ ROP Mhans for MA Groupe Under 2 Testing Sequences

‘at the 3 Bit Target Ihformation Loadr '

‘Iesting Sequence. . . s - L ‘Meens-(Bite/Second)

“~Easy.Sequence‘-(E9) Lo S 415
"Hard~8equehce .(H9)j;| T ,"“_, 3.91 RN
i o o
Eamg Sequence"(Eil) o - rjb,Ob»

'Hard.Seduence* (Hll)_ o cv : - 6.36

©F @,216)
. Hl: E9=H9 L e |
vﬁZ; H11>Ell 'fn o o R “: 9.12% f\<\

Ry EleES . .04 ~

H4: HLDE9 T g9

o —%e .05

The relatively lower rate of performance of the boys in the easyv

testing sequence groups at the three bit target load resulted in no
, E

_tion loads.f'
There were clear differences between the three-and four ‘and three.

'significant differences across the three target info

vand five bit target loads under the hard testing sequ nce.



Tests_on ROP MEane for Three Target Loads ,»‘:

Table 1 i

Under 2 Testing Sequences

*

_ *Testing-SQqueﬁcés@'"'

V. Means( Bits/Second)

" Easy Sequence

- -f:ﬁ;BuBit Load

g Bit.Loédﬁ

5 Bit Load

Hard.Seqhehée j

- 4 Bit Load

'S Bit'Load

-3 Bit Load

(£3)
=4y
(=)

-
@) -
e

.
[N

407
4.36

3.98 "

5.4
408

326

'H~ﬁ1§ )
H2: H4=E4
R
H4 Ea-g?‘
| H5 E5=E4,“.
ome: ES-E&l -
o mea
:>.H8;,deH5 o

AW;. - 2;»'L ¥ (1,21631,288)
e  {;.:35.12*('
| . 42 -
2.9
92 %v {~l; ”_j
1.t f | -

130

. .
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The above interactions infl' nce the interpretations of the

LT significant interaction betwee‘ target information load and instruction .

conditions (_ (2 144) = 20: 61‘ 2‘* .01) The results of the ‘test on

g_means within this significant interaction are presented in TablelO,_V’;g
‘and graphically displayed in Figure 5. There are.distinctly higheri

‘frates ‘of performance when the boys performed under instructions forj"

o speed at*the three -and four bit target loads; no differencesﬂin the‘_yV:

”,rate of performance was found at the five bit target 1oad under the

'f'two instruction conditions. o pmﬂl'T ‘ 1“>*1.'@,< R v"» _‘§='
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. A ‘Table 10-. y

Tgsté'oanOP Means for 3 Target Loads inder Instructions

For Accuracy -and Speed

Iﬁs;ruqtionS’ ‘ - . ; Means(ABits/Seéohdé

-

\,

. Accuracy f/
23 Bit Load (A3)J‘; » ' 3.17

4 Bit Load "(A4) . 3.1,
5 Bit Load (AS) . - B 3.57

S R

§peed s - T
© 3 Bit Load, (S3) * . 6.04
4 BIt Load (S4) - - - . . 4.69

-

5 Bit Load (S5) | 3.67 o

| LF (1,21631,288)

7gii¥s3;A3 SCTRERTE ,-» l7;31#' s |

H2: S4> Ak ;' . 1“, SO 5.72%

 *33;'%$=A§ IR 3 | fj L 3
“i14: 5384 S il a3k

HS: §3»85 o R o - o 7.59%

% H6: S4=S5 | I S 328

Cwre a0 T 1

| ﬁs;lAé;As_‘ P _lp¥;£9‘  ‘

H9: Ab=AS — TR s

Bhes
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"The differentiaf'effects of'the ‘mental age X’testing sequence xv
'target information lohd X instruction conditions interaction influenced
- the effects of!target information load under the two instruction : _
conditions. ' The: lower rates ff performance of the younger mental age o
boys, in both testing sequence groups, ‘and the, older mental age boys
“in the easy testing sequence group contributed to the finding of no'
differences in rate of performance across the three target information )
hloads under inétructions for accuracy. Under instructions for’ speed

' there were differences in the rate of performanca between the three
. v

te



“32

',and'four,.and three and‘fiye‘ﬁit targetxloads under,instructions for-
speed. o “ | .

' The main effect for target information 1load was significant .
v'(F (2, 144) = 10.119 2_* 01). The results ‘of the Tukey tests on.the
) rate of performance means across- target information load’ are presented
in Table 11. A significant difference in rate of performance was found
-only between the three and five bit target loads, however, he effect
of the higher—order interactions involved with target information 1oad
discussed above myst be considered when interpreting this result.

The main effect for instruction conditions was significant bowever,
the. significant interactions associated witH it also qualify this
result (F (l 172) = 19. 033 P E 01).

v

Table ll

. Tests on- ROP MEans for Three Target Loads

. Target Load e o f {'if‘Means (Bits/Second)
*:-37Bic§road ay . wEl.

4 Bit Load (LA) R £ )
5 Bit Load (LS) L 362

R A,
H2: L§>L5f L e S 4.48% -j:v-.‘f;
~ H3: L@ﬁis t: 3 '_‘ ‘f‘:‘f R 2.71
*p& .05 |



‘Secondsbper hit , ~'~' ‘ : ' o "@

Subiect variables' Intelligince and mental age. . .a-l"’ o 4?
A significant interaction was found between intelligence level. and
mental age (F- (1 72) = 6.23 p_* }05) Figure 6 illustrates the ordinal
-interaction and the results of the simple effects tests on 1t are’ v
displayed in Table 12. Only at the -older mental age level was the
seconds per git time of the non—retarded boys faster than their
retarded counterparts._ Furthermore, there were no significant differences
in the seconds- per hit time between the two mental age. groups of ’
mentally retarded;boys however, within the non—retarded boys, the older

' mental age group performed significantly faster than the younger ‘group.

v

|

o o w
B

o
|

12}

—

- SECONDS PER HIT -

=

o<

od

.‘7 , A .
© MENTAL AGE - .
‘hFigureUGL _Séa'M¢55§'fo? IQ.tvl‘v‘ 1gg. fvf _' h41'3~ )

Groups at 2 HA?Levelai,

~



_ - Table-12 |
‘ Tests'on‘SEH.Meane for IQ Groups

~&

" at 2 Levels of MA

-

B

34

Intelligence LeVel”

Meane.(Seconds/hit)

'Retarded

' . *piﬁl .

(R9) | o652
'MA;l (R11) 635
'on—retardeH! ' |
‘;‘MAQ\. (N9 607
MALL - (N1D) 460 o
. _ -
K R
Hl:*RQ-RlI“' .238.
H2: NONIL 16.145%
'h3§:N9sR9 g' | 1.574 . .
| 34:3311>ﬁi1'»-f = | 22.896% )
L ':‘—fv;' . -

The main effect for intelligence wa§'significant indicating that '

o the non—retarded boys performed faster over all conditions than did thel

mentally retarded boys (F @, 72) = 18 2. 5, p = 01),

furthermore,

the significant mental age main effect indicated that éhe older mental. .

3”age boys of both intelligence groups performed the tapping task faster

: than their younger mental age counterparts.:

‘”rbetween intelligence level and mental age qualifies to a lbmited

‘j'degree the above: ‘results.

The ordinal interaction



s

. Tagk variabled*— Target i&omation load testing sequence, and

in‘gtructions. _ \p . i R .
. “ Intelligence, t_get info tXon load, and instructions.a
o ‘The. significant intelligence x)target information load x‘ ,
instructions interaction was analyaéd initially ‘on the basis of instruction
conditions CF(Z 144) = 7, w,.‘p/" 01); ' the simple effects test results
-presented in Tables 13 and’ 14 indicate that the significant interaction

-occurred within the accuracy instruction condition. -As illustrated in ‘_
Figure 7, significantly faster times were obtained by the non—retarded

. boys under instructions for accuracy at all threi}target information =
‘1oads, fur thermore, the seconds per hit time ‘increased. with each '
‘successive increase in target load for 'both intelligence groups. 'Ihe
significant ordinal. interaction was'due to the greater increase in '

. performance time of the mentally retarded boys performing under .

instructions for accuracy at 1 the five bit‘ targe’t_' information. lolad_..

o .

Table 13
' Simple Effects Tests for SPH Means Within the Significant Interactio_n of

IQ, Target Load -and Instructions _

‘Source - S.s..  df. M. F
QxLx1 .17 2,14 .09 . 7.80% -
JIQxLacI;p .73 1,216 - . .73 5022kt

*p & .05
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Tesats oﬁ‘S?H}Heanb For IQ Groups at 3 Target’Ldads-j;

© ‘Under Instructibﬁs for.Accufééi:

- e

‘fInteLligéﬁéd Levélslf, , ,f_frvMbang(Seéonds/hic)f:"i'”

fRE£ardg&;D“ )
“ : '3§§1f'L5ad 'CR3) .f  ‘;;g  S . ~53 
N
5 Bit'ngd'-(kji  "f s ,»U f ~_Jv;' 86
-.Nén-féta:&éd  . » | o ‘
| »3VBiﬁ;LQad"(N3)£‘ el ;"‘ 54
4 Bic‘Léad',(ﬁay,-,,;,' RO "f;éif-v

-5 Bit Load (N5) . . . .69

) e e
miReN | Ceer
wiRoNe RREE T T
. H3Q_k5>ﬁ5' | | | 0 20.09%
] H4£ik3>#3.?'_‘A .1_.1.  , TR ‘  }"'1i7;94§ '*'i'
,w,njz_ﬁ5>&3:;i‘\f e R
l;_HB:lNS>ﬁ4“ o o     }7f. -;. f . "5-27f"

’H9;‘N4>§3f,ﬂ .',,11;30* 

- kp&,05 -

- . .
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_SECONDS PER HIT

>
o

o3 .,.‘4._ 5
TARGET LOAD
V_'Fig}ure 7. ’Mea'n -SPH; for 'the 2 IQ Groups
at 3 Target: Loads Under

" Instructions: for Accuracy '

",']arget informa tion load and instructions..j' S

B ‘The target information load x instruc tion conditions interaction
‘was significant (F (2 14&) = 22, 458 P = .01) as: presented in ’Jhble 15
and illustra ted in Figure 8, significant differences in seconds per S
hit time were. found: between the two instruc tion conditions atall .
‘three target informa tion loads. - The non—linear increase in performace ) v
time under instructions for accu.'acy at the five bit target load produced_‘.v '
the significant ordinal interaction, however, the slower times ~of the '
retarded boys . under instructions for accuracy at. the five bit target

informa t.:ion 1oad contributed substantially to this effect.



R R Table 15 = S

' Tests on SPH Méans‘fqr 3 Tafget,Ldada Undét Instructions

I | o J z.:i\ for Speed and Accuracy

'Instructipha R C » ,‘ Means (Secoﬁds/hit) )

ACcuf;cy
”  3 Bit Logd (A3)3'; L N . _.5§  .
4 Bit Losd (&) 6T
_vSI‘TB.i’t.'k.L'oad (A5) o , | .78
Speed" | | N
3 Bie Load'(sj) 3 | ."7>-‘~  ' , Y
4 Bit Load (S4) | ‘."7;69 e B .50 | |

5 Bit Load (S5) o .56

- F(1,21631,288)
CHL: ABS3 . 199.00% B

H2: A4Sk  15.76%

'g‘H3: S5 | 417.02%
:figa{gAsiAQ : ;1 ~‘ - 5_.‘f.; "17;89*
CES:ASMAG o [ N
CH6: AOA3 . SRR "8.1,1.*
7:Hyz‘s5>s3 | | 13.37%
. H8: S5¥S4 L o s

COH9:SMSE3 . o 6.5k
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Figure 8 Mean SPH for 3 Td{get Loads Under

= - Instructions for Accuracy and Speed -

Target information 1oad testing sequence, and mgﬁtal~age-

The significant target information load X testing sequence X mental
i, age’. interaction was analysed initially on the basis of target information-
) '1oad F2, 144) = 5.3. 6, P .01) as seen in” Table 16 the interaction was
: significanﬁ only under the five Bit target 1oad condition _As presented"
"~ in TableV17 and illustrated in Figure 9, the older mental age boys in
'both intelligence groups ‘who performed under the éasy testing sequence,
. in’ which they met the most difficult target load last performed
Hvsignificantly faster at the five bit target load than their mental age:

counterparts who . performed under the reversed hard testing.smquence.,.’
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| Table 16 ;' R
‘Simple Effects Tests for SPH,Means Within the Significant Interaction of

MA, Target Load and Presentation Sequence

Source .+ S.8. d.f. . M.S. . . F

MAxLxS .25 . 2,144 .13 5.32%

MAxSatly .08 1,288 . .08 . 3.42 4

MAxSatLy .05 1,288 050 214 o
MAxSatly . .26._) 1,288 .26 10.26%x \\;Q;;\\‘

o
¥ SR

o
Y

~ SECONDS PER HIT
-

TESTING SEQUENCE
Figure 9. Mean SPH for MA Groups Under ;;”‘ |
2 Testing Sequences at the vfi“;.,»;i ﬁt{;us
5 Bit Target: Load " S . .
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Table 17

Tests on SPE‘Means for HA Groups at the 5 Bit Target Load _

Under Two Tes_t.tng S‘equenceg

. MA Level

/

', Meens_ (s econdsf per hit)
w9 o L
Easy _seque'nce' -(E9) S L T14
' Hard Sequence (H9) Cou708
WAL |
Easy Sequence (ELI) -~ 4588 L
Hard Sequence . (H11) B 660 . 7 .
¢ sea s - oo - R
jF a, 216)
"fHI:E9>EIL : 'j. 10 71* s
"uz n9-u11 1.55
H3: H11>E11 ‘ - 3.50%
'tnnza9-E9'. : .03 |

o Target informa.tion load and testing sequence.

‘The above testing sequence effect was not sufficiently strong to

/ produce significant differences in- seconds pergf‘ I

. time at. ‘the’ five bit

g target load within the si,gnificnnt target informt:ion load x testing

i '-’sequence interaction F: @, ,144) = 15. 440, p & Ol) ‘As seen in Figure

10 and supported by the s:Imple effect results in Table 18 testing
sequence had a signifimnt effect on seconds per hit time only at the

" three’ bit target inform tion laad ';he\.boys in the hard testing sequence )
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 :Tgs§§ on-SPH Meéans for 3 Target Loads Under 2 ‘Test
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- Tablle 18 .. - o
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ing‘sequgﬁées7__"”
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Testing Sequences - .

¥
[

: fMea#s:(Séédh&s/hit) -

"Eés§ Se§uencei

K .

3 Bit Load (E3)

4 Bit Load (E4)

5 Bit Load (ES)

Hard Seqﬁence“,

'3 Bit Eoad (H3)

4 Bit Load (H4) =

'S5 Bit Load (HS) .

.54
.,?59:
.65

.48
.58

CHL:

'}HZ:

- H3:

. Hd{
CHS:

- H6:

EDH3

HSES -

ESE3 -

ESYEA:

E4>E3

: HSYH3
. HSYH4
HOH3 =

R

DN
.46
10.63%
"‘5;3§§
’.7.‘5;25* S
1856%
SR
onzes

e

ath

sQJOS _-”” 

. 7:‘ . N ) : : V. . - - . - 1- T N
) L . : ’ . : N - i . N o - . v, . . .
. s o cmmerte e < emima e [T L . : o - . . 3
_,,wv,..____,é'_’,.4 . . . . : . : = '
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. Figure 10. Mean SPH for 3 Target Loads’
‘ R U'nder‘v 2 Test-ing‘ Sequ'ences"f v

s 0

agf;erformed faster when they met the easiest three bit target load 1ast R
"Hr. i s

':
G

P
. than did their counterparts in the easy testing sequence group who o

load for the boys in both testing sequence groups.
Target infoma tion” load. L '

o The min effect for ;arget infomtion load was highly significant
: (I‘(Z 14 6) = 211. 335, 2_ - .Ol) ' The results of the 'rukey tests on the
'second per hits #leans across target 1nformation load are presented in
i ‘\""Table 19.  Seconds per hits time increased with each successively more
| '__digficult increase 4n target infomation load. " :
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) , . . Table 19 .
Tests on SPH Means for Three Target Loads

¢

Target Lcad T T o (. o Means(Se,conds/hit) :

3 Bit Load (L3) o | ©,510 )

4 Bit Laaa (L4) - ' f.ssé»-‘
s Bit Load (L5) | N .668

X ?(1,164)

i L3>L5{Q R o s 20.B9¥i B
'H'Z:‘L_3>L4 "".: ' R 10.20*

H3: L&SLS- R | e 10.44%

*p= ,05

'Instructions ¥

' The main effect for: instruction conditions was significant the.
Boys ‘had-faster- tapping times under instructions for speed at all target
‘inf orma tion loads (F(L,72) = 3%2.225, B = -0 | |
L Trials o . :

The main effect for trials was significant (E (4,288) = 16. 691,
p =.01). The results of the Tukey procedure on comparisons between all
'possible pairs of ‘second per hits weans are presented in Table 20. The
performance time obtained by the boys on the fifth trial was .
_;significantly faster th: -~ that obtained on the: first three trials and

.f“the fourth trial was ‘s .ificantly faster than that of the first two \\
trials. o _ o B : L ;
| . A f . - - . . . K - - . S A

\
|



Table 20

.. Tests on SPH;Means for Five Triéls'

Trials P . _"", . . Means (Seconds/hit)

P

Trial 1 (T1) < S .60

a2 (@ .59

etz @ 59
:”jTrial & (f@) | ‘ ' S ';58-

Trial 5 (1) . . .58

F(1,72)
HL: TSM>T1 = 9'.>_v0'9¥,' |
H2: TSHIT2 Y " 8.02}
CEa 1T oo 'h'Sgsé*
. HA;;TS-T4> - T 2
H5: T4TL S e
H6: T&XT2 - o s | .
‘-337: T4=T3 - ¥ 3 N o
H8: T3=TL g S "‘ ‘ Sz

H9: T3=T2 E S 2.16

oo~

H10:T2=T1 L 1,07

L . . . | *p ‘e . 05
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Correct hits/per second

Subject variablesl_plntelligence level and ‘mental" age.;

. The three-way . intetaction among intelligence level, mental age.
";and instruction conditions was significant (F 1, 72) = 6.0.7, 2_* .05)3
the results of the simple effects’ tesrs presented in Table 21 indicate
that only the accuracy instruction condition was significant (F (2, 144)
o= 16 771, p - 01) -As presented in Table 22, the older mental age .

%

group of non—retarded boys performed more correct ‘hits per second under R

--instructions for" aCcuracy than did their mentally. ‘retarded counterparts. 3
g_Furthermore, there were no differences in the number of correct ‘hits v \

;7per second for’ the two retardate mental age groups; however, the older
“ffmental age: group of non—retarded boys had more -correct hits per second
~.under the accuracy instruction condition than did their younger mental

l age counterparts,

Table 21

Simple Effects Tests for CHS Means Withiu the Significant Interaction of

IQ, MA, and Instructions/-

;" [

Source . S8.S. d.£. ‘M.g. F
1Qx MA x I g 1,720 L2 s.02% |
1Q x MA at I - ,513.44 . - 1,146 . 13.44 - 16.77%
/IQ x MA at Ip- 0 2,07 . 1,144 = 2.07 2.58

) . . J {‘,;‘Q’(, . . S e . : . T




At . Table22 S
i Tests on CHS ‘Meahs for IQ and MA Groups - ‘?;
b | -' g’Under Instrucﬁions,for Accuracy’ kS
-1Int§lligence:Lege1' e “ o vMeans(Correctvhits/second)_
Retarded
é,ﬁAs (89) G B 1.32 |
1 (Rll_)“?‘f” R R U I
fiNon—retarded - A | - i’
f}_ﬁA9 | (N9) _-: . O
MAL1L 1y - - 170
m R9=Rll o LR o Y oss
o2 Nll)N9 i | . " '-10".'2'1*'
H3: N9=R9 .l N B - | »(':” o ;51 :
| ”Ha:',Niimu B '_ L o T 18.76* |
. " *pé‘idS T rf

Intelligence and mental age- ¢

The results of the significant interaction between intelligence
3level and mental age are congruent with the results of. the above three—.‘”
.'way interaction (F a, 72) = 5. 964,>p « .05). As seen in Table 23 and
: illustrated in Figure 11, the older mental age non-retarded boys

performed more. correct hits per second than did their mentally retarded -
A counterparts whereas no differences were found between the two

'intelligence groups at the younger mental age level This effect may be

attributed ‘to the greater number of correct hits per second that ‘the

older mental\age nonfretarded boys performed under instructions for =
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e

Table 23 )
~ Tests on CHS Means for 1Q Groups eo
’ at 2 Levels of MA l
' Intelligence-Level : K o . ._,Mean;'(Correct hdta/aecondj
Retarded d
o “"/mé ®9) Ce L,
11 (RL1) - 138
.:NOnrretarded e | - . | ’
w9 @) - - “1.50 |
an oaiv 0w
:. lv- t‘v  .‘-. L .1 - o : f §1j144) :
HL: R9=R11 L " .00
- _Hi‘:.N11>N9 o | | # C ':1_1.87* .
v‘v‘H3:’:..N9;R9‘ e .09 \

‘Hé: NIDRIL o tarase R

“kpfs .05

accuracy, however, the interaction is clearly ordinal in nature. -Again,
- as’ “in the above three—way interaction, no significant differences in -

the number of . correct hits per second were found between the two mental
age groups of mentally retarded boys, however, the older mental age group,'
of non—retarded boys performed significantly better ‘than their yOunger

counterparts.



CORRECT WITS PER SECOND

- MENTAL AGE

Figure 11. CHS Means for 1Q Groups

Aat‘2 MA.Levels

Taék-variablesi. Teréet'infcrmaticn load, teeting'sequenCe3“end"‘

instructions

The" signtficant intelligence X target information X instructions
“interaction 'was analysed on the basis of instruction conditions (F
(2, l&h) = 8, 472, E.ﬁ .01),. ' o

. Ag shown in Figure 12,‘thevsimple effects test results displeyed



. in. Tables 24 and 25 indicate that the significant interaction occurred :

within the speed instruction condition. The non—retarded boys under Y
instructions for speed had more correct hi&s@per second than the o
mentally retarded boys under the - three and fzur bit target loads but '
- not under the most difﬁicult five bit target information load.‘ The 1
number of correct nits\;e:'secohd increased significantly under each’

_ successively more difficult target load for. both,intelligence groups.'

Target information load and instructions. . o

" The above three—way ordinal interaction .was due to the isolated

effects within . the five bit target load under instructions for speed

' ,therefore it has little influence on the significant interaction -

--between target information load and instruction conditions (F (2, 144)4;

4

. Table 2

4 .
Simple Effects Tests for CHS Means Withid/the Significant Interaction of B

‘.‘,4 -

IQ, Target Load, and fistructions

S.S.

- Source d.f; M.S. F
IQxLxI 1.3 2,144 .69 8.47%
IQxLat I .37° 1,216 37 .50
IQx Lat Ip- 3.99 - 1,216 3,99 7.67%
*p & .05

N ’
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Table 25

L

Teats on CHS‘Means for IQ Groups at 3 Target Loads :

Under lnstructions for Speed

51

Iﬁielligénce LevélifE . Means Cﬂits/seéond)
Retaf&ed . "
3>Bit Load (R3). 2
4 Bit Load_ (Ra)_’ . I 1.39
S Bit Load (RS) R 1.03
- Nop—retérded o . B .' 
\ 3_B;c'téaa ™) - 2.29
‘4:}‘_3'it Load b(NA)” o @ 1.62
5 Bit Load (N5) 1.16
F(1,21631,289)
Hl: NDR3 19.25%
5'_‘-'32 N4>R4v'-_ 6.80%
| H3: Ns-Rs f' ) o 2.42
Hbs R3RG L 10iesx
"vHS:'ﬁ3>R5yiv .18{00*
' H6: RWORS 7.37%
 H7£ Nj}ﬁéilL '<;13;64* - |
- Hg: DS 2.8
H9: N&>N5 RN
| -*P*?;osl

]
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: Figure 12. Mean CHS for IQ Groups at 3 Target;,

Loads Under Tnstructions- for.Speed

= 94 642 2_* .01). The. simple effects tests -in Table 26. indicate that '
the boys performed sﬁgnificantly more correct hits per ‘gsecond under fﬁ'uri
. 'instructions for speed at the three and four bit target loads but notv_

under the most difficult five bit target load' furthermore, they s
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o R Table 26 . I

Tests on CHS Means for Three Target Loads Under Instructions

for Accuracy}andASpeed K

 A Instructions o }‘_ : Means (Hits/Second)

" o " i o  §§§ |

~Accuracy ’

.éé o 3 Bit Loa& (Asf o ,: 1,75
’ 'f4 ﬁ1t Load (A4) . 1.4l
5 Bit Load'(As)‘ T 05 ¥
.Speed - | '_-  : ‘.  j '. 3 ’. ';';b j}
'3 Bit Load s3) . . 2,10 . ., o f L
4 Bit Load (S4) = "1.50“

5 Bic Load™ss) . 1.09

.

_ _ , —
R o v F(;}éla;i,zas)

ﬁl: Sj>A3 . S ) 208._80¥ o

H2: S4%A4 . "__‘ o | \12;98*

H3: As=ss s

Hb4: $3¥84 R o ':f; 17.19%.

;‘ﬁS: sHSs . L | S 28€94*
H6: S4)S5 , .,»5"' L |  11,75*1 
H7:;'A3)fA4- A’_‘ E | . o | .‘ 95}* | : .
.‘1~38=~A35A5" T o e i ~i8.02fx

CHO: AMMAS o 8.s1x

_ kpk .05



|
performed 1ess-correct hiés'per second at each'successipelyhmore~"v-»
difficult tﬁgget load under both instruction conditions.

Target finformation load and testing sequence.-

A.gignificant interaction between target information load and ,
testing sequence was found (F (2, 144) - 4 303 p & .05). As seenv<
in Table 27> the results of the simple effects tests show that the
boys: performing under the hard testing seqnence, where the easiest
‘target load was met last, had significantly more correct hits per
”.second than the boys performing under the easy testing sequeneé/only at-‘
'the easiest three bit target load _‘The results of the Tukey procedures

- indicated that ‘the boys performing under both testing sequences
performed more correct hits per second with each successive decrease ‘
in task difficulty B

* Target information 1oad. o

The above higher-order interactions involving testing sequence
"~ and instruction conditions do not modify the clear target information
- load main effects (F (2,144) = 331.260, p & .01); as the Tukey

.procedure results in Table 28 shows, the boys executed more correct

»

"hits #&r second with each decrease in target information load

t L ;}"i,
Instructions. : L S

The significant main effect for instruetions indicates th more//
correct hits ‘per 'second were performed under instructions for. speed
(F (1,72) = 57,775,”2 ﬁ'.Ol),, however, asvindicated above, this _ v
finding;holds_true for onl&‘the;threexand four‘bit target_information:_
loads.- ~ '
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'"Table 27 %: 2

Tests on CI:IS Means for Three: Target Loads

hd B S

Under Two Testing Sequences ﬁw

Testing Sequence o \“L*\\\\gk Means(Hits/quondi
T NS T L

Easy'Seqﬁence. . K o o o ' e —
3'Bit Load ) . ;‘1 ‘ 1.85
4 Bit Load (EA) ;' - |  ‘_ 1.45A
5 Bie Lgad_@ES)“ sz,
\;"Hard’Sequéncé' | ‘ o
3 Bit Load (ﬁs)vf' o 2000
4 Bit Load (&) 7 1.45

5 Bit Load(®S) . © - 1.09

o | Etxleé;i,éée)
:*H;: HPES ’ :-l [ WY |
oHZY EHS o g Q;l.-_;,QZ"
533:-55=555 ;“_ o B :_ o f_af?. *_23,
P;§§§;§§;§4ﬁ "' ; ‘ o  "_f f f | ;8,69* ;
= e \i".’ | 'J;; .”f y :'5. 7,620 il

6 EDES 16.25%

HT: n3>HAHa.-,7. ST 12.02%
.  H8¢ H&)HS s, 09* *

HY: H3)H5- R 20.11%

ok 05




Tablé 28

_ Tests on CHS Means for Three Target Loads

. Target_Loidg-b' o .j' “:'-; o Means(Bits/second)

3 vit Loag(m) T~ 193

.o ! . . N \ ‘
-,4 Bit Load (L4) S ST 1,461'
v/ 531: 'Load @s)y S R
Hl: L3»L&E . T 1092k .
S o S - S e :
_H2: L3L5 . _ : o D . 31.54% _
CH3: LeLS R R L 13.62% 4
¢ . ?‘“‘ k
*p& .05 . ‘
nl N e
-
ors per Second B ' .
Subject variables,k Intelligence‘leVel'and mental agetv o
‘ Intelligence level, mental;;ge, and instructions. ' B
‘L The analysis of Variance on the errors per second dependent a
R -fvariable resulted in a significant intelligence x mental age X°
;;; 5 :instructions interaction. As, reported in Tables 29 and 30 s ‘and
y . illustrated in Figure l3 the results of the simple effects tests
;g R hisolated the interaction to the’ speed instruction condition. At the
_ younger mental age Ievel, there were no significant differences 4n the
;_ - number: of errors per second obtained between the two intelligence

‘ igroups, however, at the older mental age level the non—retarded boys"d

.'had many more errong per second than did their mentally retarded

T
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. Table 2& o
Simple Effects Tests for EPS Mqans Within the Significant Interaction of

IQ, MA, and Instructions e ] ,~f

Source ss . 4,;.‘3'.f‘.' . M. '1?',;' § )
't_T;Q;g sA_g'i(f.jl ;8;34 ; ,‘: fi;7z vﬂ',“ ,s;gzif;fylpl';rgrepl
'=IQ x MA at. il' ';j'i;oz'if.?“.é;;lga‘_. | pi.02j, .f;ul-;esi'
IQ X MA at 12 | ~'02'1!;..“7_5 ;-' 1,144 2475 N 1584*

A N b B - N * . ot B L.
NG 2 o . . [ .

g L

vvu_',counterparts.” Furthermore, when comparing the mean number of: errors
. per. second within intelligence level the older mental age boys of o
'normslg&ntelligence had significantly more errors per. seCond than
'their younger counterparts whereas,there vere no differences between o
the two' mental age groups of mentally retarded boys. S ifg
'As seen in Table 31, the simple effects test results on the
significant intelligence x mental age interaction were- congruent with
"the findings on the intelligence X mental age X instructions inter-* " i
eﬂaction (F (l 72) = .7.570, p_f:.Ol) The older mental age non-retarded”,
_v»boys had more errors per second than their mentally retarded and
| younger mental age counterparts, there were ‘no- differences between |
'-,.the two mental age grOups of mentally retarded boys Clearly, this
. finding is-due to the high number of errors per second under

'instructibns for speed obtained by the pon-retarded boys in the ‘older- (N
age group.» n : : . ‘
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x v Table 30 , | .
. Tests on EPS Means for IQ and MA Groupa

Under Instructions for Speed

v
P

T
.

Intelligenee~Level S o R  Means (Errors/Second)
Retarded | |
M9 R o PRS- 7

MAIL (RIL) S L6
Non—retarded - o » » ’ _ : ?&

MA 9 - (N9) o 46
CooMAll (1) .93

: CF (1,144)
HI: R9=RIl - L R
H2:NNLI>N9 - S S k.79
H3: N9=R9 - . D .79

E4: NIDRIL - © S 14.8s5%
 dpk 05

' . Mental age . . . i%;"
The above two iqteractions clarify the interpretation of the :
v~mental age main effeet 4n which the. older mental age boys obtained
‘more errors per- second than the younger ‘mental age boys (F (l 72) =
fS 123 2_4 05), clearly this result is largely due to the high number
~of errors per second performed by the non-retarded boys in the older

'mental age grqyp in the speed 1nstruction condition

: ‘ . o . ¢



,instru&tions.

,interaction was significant,only under-inst:uctions for speed.

ERRORS PER SECOND

P

5.

&

. 7 f; . Y B ,.‘4 o ’ 0
~ o/~ MENTAL AGE -
Figure/l3. Mean EPS for IQ and MA Groups

r. '.'Under_Instructions fot Speed |

'Task variables. Target information‘loadJ.testing.segpence,“and

. "'

Task information load testing;sequence, and instructions.'

The target information X testing sequence x instruction conditions

interaction was significant' as described in Table 32, ‘the interaction

‘was analysed initially on the basis of instruction conditions, the :

Figure

6 ] . "

r .
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1 Table 31 ’
' Tests on EPS Means for 1Q Groups.
| at 2 L-,ene‘.lls of MA
Intelligence Level o R “Means~(Errors/second)'
R'etar'd,'edvy R T _
e @) s
} MALL (Rll) . L o |
Non—retarded | | ’
we oo s
Al iy o o .60 .
S . \
F(L,146)
©HI: R9-R1'1-" | : o .12 L
H2: NLD>N I - 12.58% B
B4t NLDRIL - R s 10,4'.9* ,
] : *p& .05

14 illustrates this interaction and the results of the simple effects
| test on it are presented in Table 33, .the effect of the two testing
hsequences under instructions for speed are evident as the boys under

the hard testzhg sequence, in which they ‘met the easiest three . bit )
.;target load ldst had more errors ‘per second on: the three bit target
rload than the boys in, the easy testing sequence who- performed on the

easiest target load first. The Tukey procedures comparing all
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Table 32 _
Simple Effects Tests for EPS Means. Within the Significant Interéction of

Load Testing Sequence, and Instructions

Source ; - ’YS.S. ' ',d.f.‘ ' M.S. F

LxsxI . 218 2,144 1.09 ' 9.06%

LxSatI 20 2,288  .10- - .50
LxSatI, . 491 2,288 . 2.6 12.28%

)

o possible errors: per second means resulted in significant differences
'-between all three loads for the boys in the easy testing sequence,
however, the boys in the hsrd testing sequence had significant differ-'
.ences: in errors per second only between the three ‘and five and. ‘three

-and four bit target information loads.Af

Target information load and testingﬁsequence

"The target informationiload x testing sequence interaction was ©
significant (F 2, 144) = 5 736' 2.‘ ’01 ), as seen -in Figure %5 and i
' supported by the simple effect test results in Table 34, the inter— B
action effect is similar to the results of the target/information load
X testing sequence x instructions interaction The effect of including ‘
rthe accuracy instruction condition performance scores resulted in no ‘
r'significant differences in the number of errors per: second between the

‘two testing sequence groups at the three bit target loads. “The effect



ERRORS PER SECOND

R TARGEf LOAD |

: Figurea14. Mean S at 3 Target Loads Under

2 Testing Sequences with Instructions‘

SR ’;.; '._ o for Speed /

- of testing sequence on the target information load factor was exactly
the same as in the three—way interaction, the ‘easy testing sequence
'groups had significantly greater numbers of efrors per secqnd ﬁith each".

' successive increase in target information 1oad These findings were

~true for the hard testing sequence groups as well, except for the

Sy
‘-comparison between the four and five bit target Lpad means where no-

significant difference was found.



Table . 33
Tests on EPS Means for Three Target Loads Under 2 Teating Sequences -

with Instructions for Speed

TestingnSeqnence . o 'f’ B ,Means(Bits/Qecond)v

Easy Sequence ‘
. #IBit-Loen (E3) /» " ".:-' . ?25,,
4 Bit Load (E4) R 'J L .59
5 Bit ngq (ES) ,‘  o
‘Hard Sequence', : : o “ o o .
P f; o 3lgic't§;d (H3). S s
VJQMpm@(M) o S ,q."/f

5'Bit Load (HS5) o .78

| F(1,216;1,288)
HL: BDES . . s
CH2: HAREG S P
ot H3:ESeHs ot "_ a5
SR Ha : E4}E3e-f e g x  k ‘f = 1346 33*}
ComESEe g
H6: ES)E3 RO ”;. o 12;17*‘»
: B7: H4)H3 T AT T

W

Cwsemsm g

*p‘ .05
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_ ERRORS PER SECOND - .

TARGETfLOAD" kT
o ;fbeigure 15. Mean EPS at 3 Target Loads
' Under 2 Testing Sequences:r

Target information load and. instructions.

- The target information load x instructions interaction was éighly :
51gnificant (F (2, 144) = 40. 294 2_* .01) 'As seen in Figure 16 and
detailed in Table 35, he results of the. simple effects ‘test show that

" - the boys executed more errors ‘per second under instructions for speed
- at all three target inﬁormation loads.' Furthermore, the effect of
' target information load was different under ‘the two instruction :_, )
vconditions, under instructions for speed there were more errors per
= sifsecond with ‘each’ increase in target load whereas a significant _
B .f7difference under instructions for accuracy was found only between thev
',“' three bit- and five bit target loads.

A, . . . .
oo ) N .
i . ' . . [T
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Table 34
Tests on -EPS Means fd: 3 Target Loads Under 2 Testing Sequenges

/
/

'Teating'SequéﬁEeé Meana(Ernors/second)

Easy Sequence
'3 Bit Load (83) .. .16
Do el R
4 Bit Load (E4) C _ .37

_ 5'Bit Load (E5) e .58

5 @

ﬁa?ﬁﬁéeqﬁe;ce
_'3 Bit Logd (u3) . S a7
.4:Bit‘;ogdv(H4fV , a2
Tv'S Bitlipad (HS) . ,b » ‘ j";sl
- .

 F(1,216;1,288)

© Hl:H3=E3. Yo 2.57

CoEzmmeEs g

"'}33€'25‘Hﬁ' , ,"  : I i;931
.;ﬁ4; E5}E3_ / [f._i';_fv.v'l ;, . ‘11:i5*
‘:vHSEﬁES)E4% ._ SRR o | s.67%

.:'“HG;'ﬁﬁsEs “;;;{5  | B <;  j j.' ' ». : 5f48*

T~téﬁj:fﬂs§u3: s s

' ;?7ﬁég,n5;ggf}- o 247

- H9Y HAMH3

- 4.00%

N ke 05
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-~ Table 35

' Tests on EPS Means .for 3 Target Loads Under';natructiqia'i

1

» for Spéedland Accuracy | h - e

Instructions

Means (Errors/second)

Accuracy"
© 3 Bit Load
4 Bit Load

"~ .5 Bit Load

3'Bit Load
4 Bit Load

& | 5 Bit Load

,CA3é ﬁ

(A%)

(a5)

(s3)
(s4)

(855'

.08,

.16

s o ¢

.36
".63

* 84

Hl: S3)A3
H2: S4A4
- H3: s§>A5
"H4%’A5;A3_ ':E
. HS: ASeAG
' H6’:',‘ -A4=A,3.. =
H7: ss}és;
" H8: §;f§4 ’

H9: $43S3

'F(1,2163;1,288)

40.88%

B T N

| .18i;6§*1.' 
5. 56h
_g ,.’3;07
2.49
";sﬁéga,'
j“6.56*

L 8.73%

.', ips 05
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ERRORS PER SECOND
l—a—-‘m

"=~ - TARGET LOAD
.FigurevI6. Mean‘EPS at‘3 Target Loads
S Under Instructions for'

Accuracy and-Speed

Target information load.

~ The above interactions mnst ‘be considered when interpreting the :
; highly significant target information load main effect (F (2,144) =

"‘77 729, 2_* .01); as described in Table 36 the Tukey procedures

;resulted in significant differences in mean errors per second with

»each successively more difficult increase in target information load.7.'



' Tests on E?S Means for Three Target Loads

Table 36

. 68 .

i Tsrget-toad-

‘Means (Errors/second)

. 3 Bit Load (L3)

.22
4'1?1; Lodd ‘(LA)» .39 h
5 Bit Load (L5) .55
? F (1,144)
Hi: L4YL3 6.72%
| H2: LSL3 12.48%
H3: LSILS o s.72%
Ape .05
Trials.

‘ The main effect for. trials was ‘signifi
2_* .01). The results of the Tukey pTr
comparisons of. the errors per second

The number of’ errors per second

however, no’ other significant differences between trials were found.

obtained by t

bwas significantly lower than those obtained on the other four trials,

cant (F (4, 288) = 10.607,
ocedure between all possible
means are presented in Table 37.

he boys ‘on the first trial



‘Table 37.

~_'J.‘e3t§ on EPS Means, for Five Trials

2

69

.Triala:

- Meansu(Enrotsfsecpnd)i.'

: Trial

‘Trial

Trial

" Trial

Trial

1 ()

2y

3 (13)

4 (14)

5.(15).

.35

139

" 038

. ‘-"40 .

.41

Hl:

- H8:

| H9;

~H10:

TS>T1

: T5=T2

: T58T3

s T4=T2

‘T3>T1

:. TS=T4

: T4YTL .
: T4=T3

T3=T2'

T25T1

CFaL2)
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nrscussrou

There are two basic sections included in the discussion of thi‘
'study. The first section attempts to integrate the results from the
. four dependent variables,vand discuss them, in relation to the subjectz
Jiand task variables in the study. The second section includes a ‘more,
: general discussion in which ths findings are considered in terms‘of

'possible future research studies on: the reciprocal tapping performance

' of mentally retarded persons.'

‘ l "ﬁo the non;retarded boys exhibit‘better reciprocal-tappingdperformance }:
_than their mental—age matched mentally retarded. counterparts? |

‘ .bThe non—retarded boys demonstrated superior reciprocal tapping
ﬁperformance in relation to their mental-age matched mentally retarded
4counterparts; at. all three target information loads under instructions
j_fo; speed however, under instructions for accuracy, this finding was
‘true only at’ the older mental age level., The-above findinguis L
supported by the results on the primary dependent variable of rate of
prerformance, and the supplementary measures of seconds per hit and
‘vnumber of correct hits per second.;

The fact that the older non—retarded boYS,.under instructions for t.'.
”bspeed had more errors per second over all target information loads than
'-'the three other subject groups reflects the sensitivity of this |
. dependent variable to the dramatic decreaseJin mean movement time. under fw
'.;instructions for speed obtained by the older non-retarded boys however,
'the rate of performance results indicate that these boys, even though they ‘
Hperformed at greater speeds and therefore, with more errorful nerformances,

g were able to reciprocally tap more accurately and with 1ess variability as -

measured by the more sensitive primary dependent variable.,j
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vThe‘basic finding'thatVthe reciprocal tapping performance offthe.f~'
gmentally retarded boys was inferior to the non—retarded boys under a

3

.variety of task: conditions is congruent with recent comparative studies'
.of fine motor performance (Knight Atkinson & Hyman, 1967 Groden, 1969,‘
h>Weaver & Ravaris, 1972 JSimenson, 1973 Lally & Netclebeck, 1977) and |
‘»i many earlier cdmparative studies (Bruhinks, 1975) However, it is an
especially significant finding because this study challenged directly

the developmental lag hypothesis through the use' of similar mental agei

\:_levels within the 4wo intelligence groups. This control procedure-

—resulted in chronological age differences o? approximately four and \7'
. 1 :

seven years between the younger and older mental agé ievels of the =two '

VV

Therefore, the mentally retarded boys had definite

of physiological maturation and past learning R

en'with these advantages, the mentally retarded bes had
'clear pe ormancé deficits,in comparison to the non-retarded boys. 0n o

“the basis of the above finding and past developmental studies of fine— o
g ; ‘ '
motor performance, one may conclude with considerable confidence that an

'even greater performance deficit would have been found between the two
"intelligence groups if a chronological—age match design had been

v':vemployed (Connolly, Brown & Bassett 1968 Whiting & Cockerill 1970'

- Fulton & Hubbard 1974 Rerr, 1975' Surwillo, 1977) -

g Toe

The results of this comparativerdescriptive study cannot identify g

e,

- ox

v

"the causes underlying the reciprocal tapping performance deficit, however,.g.

'gthe results do provide some direction for future studies that might
. Q'
'investigate the poasible causal factors contributing to the poorer

;reciprocal pping performance of the mentally retarded Before,'

' suggesting possible future studies in this area, it might be profitabIe_

,_. e
. Id

. .



‘ ftapping performance of the two. intelligence groups. 'The mentally retarded

oty

L session, however, this was not the case. Therefore, one can argue that

- of the performance differences. [3s -hfl' ﬂ'-" v : :f"/f

‘motﬁvational factors should n?t be given high priority as an~explanation

72

to consider the argument of traditional developmental-lag theorists that
ascribes performance deficits in comparative studies to differences in
motivation (Zigler, 1967)

A number of facts in this study suggest that differences in motivation

'v“ -are not of prime importance in explaining differences 4n reciprocal tapping

performance between the two intelligence groups.ﬂ First, observations of

&. B

i and discussions with each mentally retarded subject did not indicate that

they found the task boring or difficult to understand. Only a few boys
re;uired a second explanation of the original instructions for the |
performance testing All of the boys continued reciprocally tapping until
the audio sound ended in fact,-a number of boys wete keen to continue

o

the testing at the end of the testing session.. Second if the motivation

":ffof the mentally retarded boys was’ 1ess than the non-retarded boys during

the testing sessions then this should have been reflected in differential

perfoﬁﬁ%pce decrements over the different target loads within the testing

v"\ . '

2. Do the older mental sge boys in each intelligence classification -

' exhiEit bettex reciprotal tapping performanee than their younger mental

'?age counterparts? : .1. ‘-Ef\;/ . f,f _-‘,

£
S -

The two levels of mental age had.different effects on the reciprocal

\ :

z:boyl had ‘o differences ‘in. reciprOcal tapping performance under all task .

"conditions,.gyﬁheasured by the. four dependent variables, that could be

~

a;attributed to the tvo levels of mentll age.‘ In sharp contrast, the older :

l

?dnon—ro!arded boys perforned better than their youngergcounterparts on the

,>'-

o

(AR

Ve ‘~'_“
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rate of'performance, seconds per hit.and,numberfof correct hits per second
measures, however, due to their much faster mean movement time under

instructions for speed, the older ‘non-retarded boys obtained more errors’ Q’p

per second than the younger boys., Even with these greater number of .

1‘-‘errors per second under the speed condition, the older non—retarded boys

\ : o
obtained better rates of performance than their younger counterparts. °

The superior reciprocal tapping performance of the,older_mental age-non-.;
:~retarded boys is consistent with nglfindings of developmental,studies on’
a-varietyiof'perceptual—motor tashsv(Annett,bl970; Connolly, 1970,h,

. Whiting‘&'Cocherill .1974' Wickens, 1974' Fulton & Hubbard, 1975 v\f,.
.Surwillo, 1977). \Furthermore; the finding that they demonstrated superior‘p
reciprocal tapping performance under both instruction conditions is in

.

-jpartial agreement with some recent developmental studies of this task..
Connolly, Brown & Bassett (1968) compared the speed ‘and accuracy of
'children aged six,‘eight, and ten on a reciprocal dotting task; they

found a steady and significant increase in speed of performance, as o IR

’-measured by the number of dots during a trial with increasing age, but

foundwno similar.increase in'accuracy scores;‘ These findings are in

: agreement with thé present investigation on’ the seconds per hit dependent

H P

r_variable, however, the clear increases in rate of performance under both

instruction conditions in favour of the older mental age non-retarded boys v

-

:,ﬂ is in contrast to the findings in the ahove studyu' This inconsistency may

.-
‘ﬂ_,—- gy >. -. \- o

, _be due to the differences in ages of the boys intthe two studies, the boys

Tf,in the present study were older, or, more plausibly, it is due to

RN
)

fdifferences in the research designs. Connolly, Brown & Bassett did not

',use acturacy and speed instruction conditions., They reported .- .f.*m o
Vv . o : . - Lo <\ Y -
- . ' : » A e ) \

IO et T

oo



, clear in reases in speed of performance as age increased but they also ;_‘
reporte that the scatter distribution of pencil dots around the targets
rwere dilferent for the ‘three. age groups._ Thus, speed of dotting perfonm—”
ance was confounded with the accuracy of the performance as the older
children who performed at significantly greater dotting speeds had
;scatter distributions that were spread along the direction of motion in '
flat oval shapes while the younger children created roughly circular
. distributions of dots around ‘the centres of the target circles as they
dotted at slower speeds. When_these distributions were compared for |
:accuracy no differences were found however, if a ‘more apprg priate
° (%

e dependent variable such as the rate of performance had bee, used
K

;significant differences in favour of ‘the older children might have . been

<

found. Unfortunately, the accuracy and speed components of. the_dn;;ing—-

bf\\\\task are confOunded over the age groups tested.

Kerr (1975) in,a serial tapping task measured the mean movement

~

1e of five, seven,~and nine year old boys and girls under three levels -
; of task\difficulty : Be found significant increases in speed of tapping
performance with increasing age which is consistent with the findings of

'the present study.» Unfortunately, Kerr used only an accuracy instruction
2

'.7“condition and did not employ any other dependent variables to reflect

'the serial tapping pErformance of his subjects. - ,
: B R 7 i
The finding of no- significant differences in.regiprocal tappingv"

b'f_performance between the two levels of mental ‘age’ for the mentally‘;ii‘:?hk L
’ B

:iretarded boys may be partially explained by the chronological age of the

-

'isubjects. Perhsps,~reciproca1 tapping performance does not improve

.h q;amatically during the post-adolescent years, more definitive conclusions
Afffmust awsit.further descriptive research on this question. »tt,F‘ f”f—"v,l

. . . .
L L ‘ RPN



3 Do the 1evels within the task

testing sequence, and instruction

» reciprocal tapping performance of

'different levels of msntal age?

75 .

factors of target information load,.
conditions differentially effect the

the two intelligence groups at the

v .

,Intelligence level, target information load and instructions_

The reSults of the four dependent variables indicate that the

‘ major task variables of target information load and instruction conditions

 did not differentially effect the

Ca

: the significant intelligence leve

two intelligence groups, furthermore,

lx target information load x instruction -

interactions for the supplementary dependent variables of seconds per -

: hit and number of correct hits per second do not modify this general -

'ding ‘as, they are. isolated interactions which are unrelated.

ad,’ testi g equence, .and instructions

«iﬂ_-tal a:e tar-et information lo

The results of the analysis
information load x testing sequen

the ratelof performante measure i

' -Jw

'u‘

thfee bit target information load

»

of variance on the m;;tal age % target
ce X instructions interaction within

dent}fied an isolated effect at the

under instructions for accuracy in SR

which the older men.tal age boys in the hard testing sequence groups‘had

-

‘e
higher rates of" performance than

1

is clearly due to . testing sequenc

hard testingysequence group who p

thekr younger counterparts This effect
e; the older mental age boys :lq the

15
erfprmed on the mast difficult targgt

v

,“7 first, recogniZed after performing on the previous two more difficult

.

. S " ’l Ty

'_target information loads that they could reciprocally tap on the easiest___ -

L three bit target 1oad at a much greater rate of performance than the

younger mental age boys did after similar within—session performance

xperiences. This isolated mental age effect was not present within o

the analyses of the other three dependent variables, however, as

.f",;;"
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_discussed above the significant target information load X testing

- sequence interaction present within ‘the analysis of all ‘four dependent ,
‘variables, indicates that the above testing sequence effect was a |
‘consistent finding,for all_subject.groups.‘ The»testing sequence effect‘v

is discussed'in greater detail below.

Testingisequence

The two orders of testing sequence effected the reciprocal:tapping,,

v

Aperformance of the boys in the hard and easy testing sequence groups
under a number of different conditions.' The basic testing sequence 3517
3effect was evident at the easiest three bit target information load

where ‘the boys in the ‘hard testing sequence groups obtained lower -j
. -;‘ N .o
seconds ‘per hit times, greater numbers of correct hits per. second and o

3

N higher rates of performance than the boys in the easy testing sequence
g;oups. v.bf,f‘ ;';:; : |

CA plausible explanation fon.this basic testing sequence effect is
__‘that the boys in- the hard testing sequence group, after performing on - -

"two successi@ely easier target information lﬂgds “Were able to utilize

v

:their experience within the testing session in order to increase their-

a . 1
S

' vspeed of performance and still maintain optimal accuracy tolerance
y .

_limits when performing at the easiest target information load, whereas

. ‘ .
,“the boys in the easy testing sequence groups did not have the prior e

. Cy < w,

"iexperience on ‘more difficult target 1oads which would help<them selectﬂ

more optimal tapping pergprmanCe rates on the easiest three bit targetfwf:'

-

\ .
1oad as they met this target load first. The reyerse testing sequence

effect in which one would expect those in the easy testing sequence i

',groups~to obtain,superior'performanceascores ”at_the five bit target
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load did not bccur' this was probably due to the level of difficulty

“of the five bit target load which did not facilitate wide variations in

vspeed of performance due tO'its moreorestrictive tolerance demands.
.Further information on the effects of'differences inftesting

’ sequence on reciprocal tapping performance ‘comes from the higher order

.interactions within the rate of performance variable. The older mental

' ‘age boys under the hard testing sequence obtained higher rateg:of o

N A

,who had no within—session experience prior to performing on-the easiest

to the suggestion that within-session experiences facilitated increases.

' . .
in rate of performance under the hard testing sequence patterm.'
aE' )
An iiélated instance of the effect‘of testing sequence operating

in reversed order occurred within the target information 1oad x testingp

)

sequence x mental age interaction located within the results. of thev;

mean movement time dependent variable. As indicated in Figure 9 the

o -

o, ”

‘testing. sequence effect ‘was evident at the five bit target load in

il

which the older meptal age boys in the easy testing_seqjg;ce group

obtained lower seconds per ‘hit times under .both instruction conditions
;‘ :\ . f" P

after performing on . the previous two, target loads, in contrast to the 4“

3

-~ —, »...\..

boys in the hard testfgg sequence group who performed om - the most

difficult target inforuation load last. Again, the testing sequence tufs )

. o4 . - f‘

effect was established only for the older mental age boys which wag "

. consistent with the finding discussed ‘above. ‘; :h: ‘."."_ :._'»:{.;

L

s Fose

CURAS.

SRR 7performance than their counterparts in the easy testing sequence groups.

z
R
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Target information load and instructions

]

This was. the first comparativE—developmental study to include
systematic changes in target information load and instruction. :k“‘

number of interesting findings related to Ehese two task variables

were found.

. ‘ - :
-~ The results frbm the seconds per hit, number of correct hits per

second, and number of errors per second dependent variables indicate

yrmance scores.

'pwere higher when the boys performed under instru tions for '8 eed.

'1Furthermore their performance improved at esch s. cessiv y easier

-target information load with the exception of no difference~in the

-Q
”_-number of errors per second between the three snd four bit tsrget loads

oA

v instructions for accuracy at the three bit target information laad.

o

under instructions for accuracy. It should be noted thst the seconds

. per: hit times of the boys in this study were much slower than those of

\.,\—
Jv‘the adults in Fitt s original study (1954) In fact, -even though the

‘f‘ _.boys times/under instructions for speed

:adults in Fitt 8 study were reciprocally tapping with an emphasis on

‘sccuracy their times were faster, under all target 1oads, than the -

RN

i The seconds per hit results indicate that the instruction : l?

“-;'conditions had a much greater effect on the boys than on the adults in -

_'Fitts and Peterson 8 study (1964) In fact the seconds per hit time

for Ehe boys under instrucﬁipns for speed at the five bit target .
information losd was faster than eir seconds per hit time under o
4, ' *

A recent adulq‘study of reciprocal tspping performace in which the |

ar

emphasis vas_ on speed resulted in even lower seconds per hit times than ,7‘

‘
in the Fitts and Peterson-study (Flowers, 1974)



- ;set in this study.~ ‘:ffl' .7;§~.>vv

o under instructions for acce
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'-Flower_f;epbrted considerably moreaeérors:per second with the faster

' i‘mean movement times which is congruen;,with@the changes in instructional
: o DO RPN ,

v

i

)

o The relatively slow sec nds per hit time under the accuracy
i .

finstruction conditions had interesting effect on - the rate ‘of

"vperforance results over. the three tsrgetiinformation.loads, Undef
"instructions forfaccuraby,' here ﬁere no differences.in‘the rate of
performance;} however; when ‘he_bops increaseditheir,secq;dg»pgr hit
.times'to faster levels mOre'optimalvrates”of performance.werenobtained -
;_at'thehtuo‘easiest,target oadshresulting in significantvdifferences"

-~

b€tween,the;two instructio *cOnditions; As'mentioned?earlier,'thefboys

increased their secdnds”pes hit time,undersinstructions for speed_at
gthe five bit target information load; but this increaSe;over that'used

racy, resulted in greater numbers of errors

. £
_per second whgéh d@bresse%G;he rate of performance scores resulting in
: N\ :

no differences between th eL wo instruction conditions at the most

el

Vdifficult target information 1oad

» ‘ ]
’Instructions , 7v{‘p\ ,i

Reciprocal tapping p formance improved'under instructions for

»speed at each target info_'

‘ variables exceot for an- isol ted effect at™ the five bit target load

‘At this most difficult targe load, the instructions for speed effect

was present only within the seconds per hit time and errors per second—u

dependent variables.a\The depressed reSults of the rate of performance

- e

' and correct number of -‘hits per second dependent variables resulted An-

no significant differences at the most difficult target information'

tion 1oad ag measured by the four dependent A



B
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load° this was probably due to the fact that the boys selected an

_ inappropriately fast movement time in relation to the small five bit

.l,v [

‘information load., The faster movement times were counterbalanced by

P
[

/the greater number of errors per second and less cdrrect hits per

’ P \,

gecond resulting in less than optimal rates of performance under the

4 _.__1

speed instruction condition- )

'Trials E ‘ ' 3

) L )
, - > ;
‘A slight" practice ffect was obserL’d within.the results of the
.s

1’_yseconds per hit depend%yg variable when comparisons were made between

~‘the: early and late trials' however, these differences were not present

however, this practice effect wasi;f

'-ltary dependent variable of - the numEEr'of”cOrrect hits per second.

”.

between successive’trial blocks. The results of. the number of errors '

per'second dependent variable reg; y these findings to some extent;‘

?“snfficiently strong to effect

the primary dependent variable oﬁif
e

o Furthermore, ‘no’ interaction involving thertrialvfactor was'obserwe

u.

indiﬁating that the trial factor did not differentially effect the
different subject groups. Lo "'~ lj‘e_j - J“ _.'ﬁr‘,‘.f

'

vof performance and the supplemen-"’



GENERAL DISCUSSION" AND FUTURE RESEARCH

This study was. conducted from a theoretical framework based on

human motor performance research. A number of human‘information :

processing models haveabeen proposed to account forh illed perceptual-'
. . ! L

motor performance (Fitts &J*Posner, 1967' -Adams, 19713 Welford 1968

\V/h§chmidt, 1975) ‘These models usually include descriptions of the ;

following cdhponent processes that faoilitate optimal perceptual—motor
y’performance° sensory input, attentional processing, perceptual coding,
':ndecision-making, response selection, initiation, and execution, and
vrthe feedback systems associated'with them. Furthermore, these models
highlight the many interacting processes that underly perceptual—motor"
performance. The results of this study indicate that educable mentally '
‘pboys do not reciprOCally tap as well a8 their mental-age matched non- ‘:
'retarded counterparts which is congruent with past studies of the fine—
motor Performance of mentally retarded persons. However, in order toy 2
place future comparative research studies of reciprocal tapping
'performance in perspective, it is necessary to review selected research &

' Tfindings that indicate some of the deficiencies that the mentally

:6.*‘ N
pv@.”qurm
model. An understanding of these deficiencies has important implicatiogs

I\r S
N R

retarded exhibit in important components ?f the human motor perfoéﬁ?ﬂc “ :

i for future comparative motor performance research. . .ﬁe L \o;g‘

Lally & Nettelbeck (1977) in a recent comparative study oﬂﬁﬁ%oice ;ﬁkt 5
- o% S A
,reaction time used inspection time to measure the time required to»ﬁ%tept

and identify a stimulus signal.ﬁ They demonstrated that the men'

.Wretardej/gxhibit deficits in both the time required to detect and

- PR RS
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identify a signal (a perceptual factor) and the time reﬁuired to make
'v”a simple gross movement that turned off the signal (a response factor)

~ They argued that the perceptual factor of inspection time; i e., tﬁmc
slower rate of sampling from the stimulus array, was the most relevant &" "

3‘factor in terms of explaining the’ choice reaction time deficiencies of

f the mentally retarded.
f‘.\' Further evidence for a perceptual input deficiency in mentally
retarded persons stems from comparative studies using visual masking
‘thsks The results of- these studies indicate that in order to establish
a satisfactory masking effect the interval times must be shorter for
' the non—-retarded subjects (Spitz &Thor, 1968, Welsandt &Meyer, 19 ).

Furthermore, discrimination studies of numerosity ané succession have 1"

~..

shown that mentally retarded subjects require longer intervals to

N7

, these stimuli, thus providing more evidence of

, percei%e the effects |
»vperceptual deficiency in the mentally retarded CThor S:Holder, 1969 -e g
'Thor, 1973) o B
The mentally retarded have been found to be(deficient in two |
. »different aspects of iconic memory. Iconf§ memory refers to the very“
'short—term memory store that lasts several hundred milliseconds. 1t
'-temporarily holds incoming stimulus information for initial processing
_ﬁbefore transferring it to short-term memory. Spitz (1973) has
lsuggested that the icon of a mentally retarded person 1asts 1onger thE~ "

those of non—retarded individuaégsand this fact accounts for the slower"f

ot=

'jvrate °f inPut of informafign,i\_th;ementally retarded.= Eurthermore,'w
the recent c0mparative research results of Friedrick Libkuman, Craig
. and Winn (1977) have confirmed earlier findings that have demonstrated

7 slower readbout times from icbnic memory by the mentally retarded :

PO
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'(Libkuman & Friedrich 1972 Welssndt & Meyer, 1974) |
Comparative studies of short—term memdry function have identified .
a number of deficiencies in mentally retarded persons when cognitive— :-
.'verbal stimulus material have been'used. Belmont & Butterfield (1969
1971), Ellis (1970), and Brown, Campione, Bray & Wilcox, (1973) have :
shown that the mentally retarded do not spontaneously rehearse in
short-term memoryvtaska.~ Brown (l974)-added a new.dimension'to
: comparative memory research by distinguishing between structural
‘features and control processes. Using the original work of Atkinson
& Shiffrin (1968) Brown noted that structural features are related to v
i‘the physical system and have a fixed ceiling that is not amenable go
_training whereas control processes are aspects of the memory system “that’
!can be altered by trainingn) The results of recent studies have indicated

!

that the control processes associated with rehearsal strategies (Brown,

,s - o ..-!A rc(
‘\T L vér .

WCampione, Bray & Wilcox, 1973), and the intentional non-processing of

‘-‘,irrelevant stimuli (Bray & Ferguson, 1976) in the mentally retarded‘-

respond to training-indicating that they are, in fact,‘control processes e

\
rather than‘structural features of the memory system “in the mentally

\* -
. retarded. ;,4 -

' A number of other memory ?Cficiencies have been. identified in

mentally retarded persons.- At he present time, these deficiencies have

Ah-not been classified as structural features or control processes' however, o
,they dovhave relevance for understanding the perceptual—motor deficiencies‘ '

'.'of th' mentally retarded Dugas & Kellas (1974) hau; indicated that the
: ; » L

e rate of memory scan is inversel& related to intelligence level. They

' used digits as stimnli and found\that the non—retarded subjects scanned

memory twice as fast as the educable mentally retarded subjects. Maistoxgﬁ

- i
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6.

& Jerome (1977), using random forms for stimuli in order to equate the

jjf number of . component processeé within the perceptual aspects of the human

acceptable answers to these questions indicating that they were not

%.-groups in terms of stimnlus familiarity found tHat thﬂ educable mentallyf'

\- o

‘:retarded adolescents in their study had both enébding and high—speed

memory scanning deficits in comparison with non—retarded subjects. They‘
. o .

,attribute the relatively slow rate of memory scan to some permanent

x'deficiency in central processing rather than a developmental deficiency.

Sugden (1977) has completed the first comparative study of visual

motor short—term memory. Using a mental age match design, Sugden S

féund that educable mentally retarded boys at mental ages six, nine, and -

twelve did not spontaneously rehearse the criterion distances in the

'linear positioning task during the rest conditions which was congruent :

&
with the results of cognitive-verbal short term memory studles that .

J

used the rest-interpolated activity recall paradigm. Sugden §§?plementedji;

(,‘.r‘ J

g his recall data with a series of questions designed to examine the meta—:

3

memory aspects of the task. Theﬁmentally retarded did not provide'

3L

using suitable mnemonic strategies during the rest period

-~ Ag indicated above, the mentally retarded are deficient in a EK
/‘ .

information processing model. Other than Sugden s (1977) recent study :"'7’

‘3 of visual motor~short term memory few comparative motor performance

.,"inspec ion time was the main fact that ace

research studies have used perceptual—motor”tasks that have been

o 'primarily concerned with the response or motor aspects of the model
I""(Bruininks 1974 Wall 1976) : Lally and Nettlebeck (1977) m their :
fcomparative study of the choice reaction time of educable mentally '

,;retar ed young adults have shown that the g:rceptual factor of

ted for the slower reaction \
N\ T AP o o o »

Sy



;times of the mentally retarded. They separated the response factor of

Qtask and reported that ‘the simple movement times of the educable

»movement time from the perceptual factor of inspection time within the ,“

—

-:»mentally retarded were - clearly slower than those(of the non—retarded

wdi

LW

young adults which is consistent with the results of the present std%y.
. _ e

/ -

In summary, ‘the’ mentally retarded sre defibient in a«number of
component processes that underly perceptual—motor performance.v At the ﬁfff,;

present time, some of these deficiencies have been identified as'“'
v"“. .‘ -

.l-control processes,_i e. they are amenable to improvement throughgﬁv

_'44 .

“ﬂ;emphssizes the need to specify clearly the task demands of comparative '

R ;motor performance resesrch tasks if a clesrLunderstanding of the

‘ ’attained As indicated ebove, recent reseJrch findings h?ve identifiéd ':f;\

) motor performance deficiencies of the menta

”the important procesees underlying reciprocal tapping perf rmsnce°"ﬁm R

training.c In@;erms of ecological validity, the identification and 1°ﬁhf;f;
_.remediation of these deficiencies is an extremely important comparative -

freseerch objective. However. the complex interdependence between the

; varions component processes that underly human motor performance 4vp'", B

.\ 5 - : . 2

T 7‘\ -':. :-.

»

T ——

1y ret}rded is to be

N

(4

i furthermore, the present°findings indicate thst the task meets the

'fi Brown, & Bassétt (1968) that response strhtegy ‘

fbasic criteria for use as a compsrative motor performanc

. , B L
jstudies sre outlined below. »wtffhﬂvl ' V}'ﬁf*

researcH task. L

; .

-qftask changed with increases in age.; They reported that their youjger 'V

- }subjects reciprocally dotted in a.msnner hestcdescribed as a series of

.
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3 dg'crete movemen!h rather than as. a tontinuous whole., This responae

e strategy resulted in slouer pertormance times and roughly circular ",’

¥ .‘//..“ .

distributions of dots around the tsrgeta-e The older subjects tapped

\1_ in a ‘sid J)to sid;\tion at much greater speeds which resulted in
flat oval shaped scaﬂter distributions. HcCracken (1973 cited in
Wade, 1976) confirmed the observations of Connolly et al. (1968) by

~i filming the tapping performance of six year old and ten year old

' childreh. The data indicated that the older children performed faster _

| and in a more continuous fashion than the younger children. h;”
. l .

;r:f;sl. The findings of - the p?eseTt study showed that in the speed instruc—:'ﬁ

Ztion conditioawhoth mental age groups of nonrretarded boys reciprocally

: 'and mentally retarded boys not employ similar strategies? “Th,

V ”following suggested study might provide the answers to these questions



A conparativ'j

. vshould be conducted

".‘\“.'set test:l.ng aequence.:, Senples of non-retsrded and educable nentally

- retarded boys should be tested under ins\tructions for accuracy end speed at

i at each age level fron s:lx to sixteen.,_ 'rh\ir tapping perfornmnce should

,g‘be quantitatively neasured using the four dependent variables employed |
Cin the present etudy.. The quelitative changes should be analysed from
-‘:":unobtrusive video—tapes of the performapces. Furthermore, structured
'»:I.nterviews on what the bdys were trying to do 1n terms of movement
speed, error rates, ﬁd\ghe optimizing of performance should be

,completed.. The results of\h\s comparat;lve-developmental study cOuld ’_

--...s .

L I

vv'v-on t.n role of response strategies in reciprocal tapping performance. "
A second study should be completed on the role of response

. "i_‘strategies 1n reciprocal tepping performnce differmces between‘

'educable mentally retarded and non—remrded child/ en.. '.lhe research
- R \/\
_'“design for this study stems from the distinction made 'lz{ ﬁrown (1974)
,betWeen oontrol processes and structural features._ Could the less '

‘ ;-prof:&cient reciprocal tapping performanqe of the educable mentallg

amnsb 'e-.to improvement through training? Control and training R

Ups.0 mental"r ge matched non-retarded_ snd educable mentally

R

B T'\'retarded boys E, hould be randomly selected 'lhe reciprocal tapping i

g ‘:'v_“instruction for speed and accuracy.: The boys in the experime,ntal

g e' g:tven specific responae strstegy inetructions ‘telated \

v only one target inqumtion locd and using a. e

etar chd boys reflect deficiencies in response strategy that might‘ . /'



to optimal novensnt apeeds and error ral:es The grg\ups should be re-. N s
‘. tesoed to determine the effect of tha respodse strategy training on their
performances.‘ The aame dependent variables, video—tape techniques snd o
intervievs of the performers aa outlined in the first stﬁdy should be ‘7f_?}5'

o used to assess the effects of the response strategy traini:g. o ‘ -

v

The final suggested study centers on the poasible difierences in

{i;'cornective resction time between educableomentslly retarded and non--f"
"'_.retarded cboys. Beggs and Howorth (1968, 1972) demonstrated mat an

important limiting factor in aiming performance waa the corrective : ey

e

l‘;reaction time of the performers. Are there differences in corrective
'7v‘reaction time based on intelligence level and chronological age?

Educable mentally retarded and non-retarded boys at given mental age

'levels be tested under the vision—no vision paradigm using the méasure---“

‘ﬁlfment techniques recommended by Beggs and.Howarth (1972) If differences _:

N X . . v o

"in corrective reaction time are found, a response strategy“training

!

.fstudy such as the one outlined above should be completed to establish

S whether corrective reaction time is a structural feature or control

{
\

5¥fprocess within T ciprocal tapping performance., The information ,f
‘f'gathered from the above studies will certainly contribute tq%a better ,?*t

"ﬂtundersﬂanding of the response fsctors underlying the_pe ceptual—motor :
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The following selective review of the literature ia divided into f;ﬁfl

L

“77ﬁtwo major aections.. The first section reviews comparative reaearchr

:f“fstudies on the gross-motor and fine—motor perfbrmance of persons who

'-pdestablished for the selection of comparative motor performance

'1 are mentally retarded In response to some of the research difficultiesaéf

: that are identified in the first part of the review, criteria are fﬁ7}'

.'lresearch tasks. The second section of the review foouses on the f-

: d;theoretical back hound and rationale for the use of reciprocal tapping
arative motor performance researcﬂ\task..

The Motor Performance of the Mentally Retarded

N

Many comparative studies have investigated motor performance

\

.

f'ffdifferences between mentally retanded andlnon—retarded subjects.; Thia

.,”.

"iselective review‘includes those atudies that have used the Lincoln

'3f=03eretsky Motor Development Scale, gross-motor teats, and fine«motor

n','testa as the comparative motor performance research task Such a-

"iﬂflwide range of studies was included to*demonstrate the need for new

.iiﬁdirectionji

n.this important research area. ff

:of comparative motor performance research studies. These include the‘;,.,f

Zlevet and variability ofvthe“subject groups with respect to intelligenqe,:

’.,_u.v. 4' .

ii'chronological age, mental age, behavioural historye and medical

;f_clasaification as well as’ whether ?r not the subjééts were indtitution—
SR ,‘n .

7?alized. Other cri eria are concerned with comparative task factors auch

as"coring procedures reliability, test'ng protocol and the purportedvp.




fg;'studies are provided...

Performance of the Mentally Retarded on'the

BN

. \
e [

Develoymen&; Scale | Z | |
. sloqi (1951) compared 20 institut halized tet&rdate_::;_fi.h: KR

}l“ - 120, N 10,10 = 54,25 CA females/- 118 7, N =10, 10 = 56\2) and

20 normals (CA males . 1zo 1,8 -{" IQ - 105.8; \CA females - 119. 7,T}~'*

10 IQ - 99 2) on. the Lincqln - Oseretsky Motor Development Scale. '
Sloan obtained a quantitative score for each of six subtest areas by

P

reducingrall scores on ih'fGS test items into a simple pass or fail Vf}fjgf

dichotomy and summing up a11 pasaes within each area. An analysis of ;;{di‘
o variance resulted in significant differencesabetween groupe on all sixl.‘MM
subtests but o, sex differences., He concluded that there is a
significant relationshiy between intelligence and motor proficiency andffiu
that the mentally retarded are significantly inferior to children of-
:;;f average intelligence in motor proficiency.s hi.fﬁ;rf?.:,i:”;?h“df ff:h;_ffl;
'l;ixg Turnquist and Marzolf (1954) compar;d the pertormance of 11
:“fd;‘institdtionalized retardates‘(6 male, 5 female CA - 13 6 IQ =’ 69) _
Sy vieh 11 normals'( 6 male, 5 female,_g - 13.6, 10 = 102) on_the Lincoln -"]

{ Oseretsky Mbtor Development Scale. The authors analysed their results on

individualf‘-em:basis and reported thht on 20 items the average |

retardates;?Z:

'etter on five subtests.. They concluded that .':'

'"deficien *es 1 . ot jQ{




: 2.-/‘"’

ability wilen compare

- Rabin (1951)-investigated the effecte of age, sex, and intelligence _

1eve1fo‘_motor proficiency as meaaured?bi.{"”

Development cale.: The reaearch deaign Included 5 age levela (10, 11 b;;'*'*f

T

12 13’ and l&tyears), two intelligence rangea (40:— 54 and 55 - 69)

_ ﬁabin reported no significant differences between thedffﬁf"
a8 two levels of 1ntelligence- hovever, he qualified thia conclus on by _i?'

;ff_notiﬁg that the examiners hed uaed 1ower scoring atandards when testinj'*l"7

the low intelligence group thus confounding the results of this aepectf:ig :

.“ 7y

‘15 of the study. The expected;nelationahip bEtween age and motor proficiency f.]

Diatefano, Ellis and Sloan (1958) investigated the proficiency of
--moderately mentally retarded adults on ‘a variety~of motor tests. E
‘1:;Seventy-six institutionalized retardates (CA males = 19 3 N - 40, . fv{ ﬂ51Q

*9;90 GA femalea - 22 25, N - 36 MA = 9, 14) were administered

: fh;the Lincoln‘L Oseretsky Mbtor DevelOpment Scale, the Heath Rail - Walking

“fxest, the Minnesota Rate of Manipulation Teatr the Eand - Steadine'”

.the Minnesota peg‘placing ( 45

't;fmales, .41 females)ﬂg" peg turning ( 37 malea, .38 ﬁemales):-{aﬁ?
:‘_gwere,the most highly related to mental age in each case. The authors
:i;ffsuggested that taek complexity is an. important factor to conaider in *vi"

the relationship between mental ag “and motor perfofmance, and

oncluded that:there ia'"i‘ii?i: : "“”‘J"hip”between mental age and
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gmotor proficiency. , : : ; )
. Malpass (1960) used the Lincoln - Oseretsky Motor Development
f’LScale to compare the motor proficiency of three groups,' institution—'afﬂ'.
<jjslized educabld mentally retarded children_ (CA - 11 8 IQ - 62 8 L
52), public school educable mentally retarded children (CA - 11 8
ﬁ?IQ - 67 d N = 56), and a control groﬁp of non—retarded chil&ren :
J(CA = 11. 7 IQ = 110 N - 71) : The Lincoln - Oseretsky scores did/not :7;”
';ldifferentiate between the institutionalized and public school retardates;'
b'ﬁbut highly significant differences were found in favour of the normals .

:f\ in comparison to both retarded.groups. artial correlations indicated

;gija'significant relationship between intelli'ence and motor proficiency

jiscores only f'ffthe retardates a. ialled/out) Malpass
;jsuggeste“that it would be profitéble to compare he above relationships':ﬁ
:‘f'_if retardates and normals of the same mental age were employed.;

In.a-more recent study, Hofmeister (1969) investigated the relation-}t'

’Tiship between motor proficiency, as measured byythe Lincoln-- Oseretsky

i}Mgtor Development Scale, d mental age. His’subjects were special » |

| ;;class educable mentally retarded/children (CA - 1é MA‘- 8) The mental’

5 ;d*ages were cal 1' é "’the WISC full siale.. The correlation of them” .

The reaults of the above comparativ studies indicates that the-
b::'motor proficiency of mentally retarded persons as measured by thff/
T N

o Lincoln - anretsky Motor Development Scale is inferior to that of

lf;iiageumatéhed non—retarded aubjects.: Ihis finding indicates that th're e

Lo LT g B
N -may be significsnt motor performance differenées between intellig vce R

" A
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hgroups:. hbwever, a number of observations about the Lincoln—Oseretsky :
"{Motor Development Scale should be-noted before accepting this conclusion,f H
‘.Oseretsky (1931) propdséaithat the six areas of his scale measured.;
ugeneral static coordination, dynamic manual coordination, general
;dynamic coordination, speed, simultaneous movement' and synkinesia.th::
'f:Vandehberg (1964) used the Pattern Hypothesis_Varimax factor analytic
;;technique in an attempt to verify Oseretsky s hypothesized factors., he SRt
'2:reported that it was not possible to rotate the results of his factor
'analysis into even moderate agreement with OSeretsky ] ideas about thei
: underlying components measured.by the Scale., On the basis of Vandenberg 8 ji_°'¥
f.study, the validity of the Scale is certainly open to question._;An' |
f_ianalysis of subtest results from comparative studies that used the Scale
ﬂ‘mindicates that many of the subtests have scoring ranges that result in f_'ﬁf
;, floor and ceiling effects which confound the interpretation of grouP |
jhymotor performance differences. Therefore, the Lincoln ; Oseretsky Mbtor ”
’7fDevelopment Scale is of questionable value as a measure of motor -
performance ia comparative research studies e .;;ht": ' a. ':L: 7?'>1f'

o T

%*Grqss-mﬁtor Performance of the Mentally Retarded

Fait and Kupferer (1956) tested 41 male retardates (IQ = 60 9

fﬁch ‘15.8) on the vertical jump test and the squat thrust test. The o

:l results of;the mentally retarded on. the vertical jump test compared

'_'favourable with normative data for normal aecOndary students, however5~f -

-; the ret{ ates squat»thgust results were considerable below the perform-

:ance levels of the normals.”,The authors noted that the movement complexity

;in the squat thrust was much greater than that in the vertical jump

'They reported that the retardates showed signs of stress and uneasiness ,f?W




- only whenvperforming.the squat thrust task.~ They also found a partialnh o
-correlation of 491 between intelligence level and squat thrust scores.s

| jj; ﬁowe (l959) compared the mmtor performance of non-retarded boys

-;(CA L 6 - 12 years, Q - 99 9) and non-retarded girls (CA = 6 —‘12

years, IQ - 97 5) with educable mentally retarded boys (CA el 6 - 12

v years, IQ - 67 5) and educable mentally retarded girls (CA = 6 - 12

‘ f'IQ = 64 5) enrolled in special classes of a public day school The

'groups were matched on chronological age, sex, and socioeconpmic'V':v

o 3background All subjects were administered each of eleven motor tests.

L

'-:Sargent jump, balancing on one foot, tracing speed tapping speed,l;
fdotting speed, grip strength, zig-zaQ run, fifty yard dash, squat |
“thrust ball throw for accuracy,'and paper and pencil maze tracing.‘f'

yt:The non—retarded boys wete significantly better than the educable
-vmentally retarded boys on all tasks. The non—retarded girls were,ﬁh,fé
‘ significantly better than the educable mentally retarded girls on _;h'f
:all items except for ball throwing and grip strength

Francis and Rarick (1960) administered ‘a battery of eleven motor o

’:.performance tests to 284 mentally retarded children enrolled in special ffﬂ’

“";.classes (CA = 7 5= 14. 5 years,. Q - 50 - 90) ' The tasks were

-'

E ‘h'fpurported to measure strength, power, agility and balance.‘ The resultslf"

L4

x *i&indicated that while the mentally retarded children were poorer at

”*.retardation was more marked., rhe aut :rs oncluded that retarded
children are generally from tWO to four years behind published age normsv

'Zi.for normal,children.a<:



Stein (196&) used the Youth Eitnese Test to measure the motor

”'.f_;performsnce of educable nenta I& retarded childrfhfwho werf enrolled

,f*lin physical education classes.. The test included&seven tasks usuallyfﬁni”

J_administered over two days' first day, pull ups, standing broad jump,lf""

R 4 -' B

-f‘;g:'ﬁishuttle run, and sit ups, second day, fifty yard dash, softbsll throwf.r'7:

"3'for distance, and 600-yard run walk.. Stein reported that the mentallyfi;-?i

L"_.,‘,-',_.b.-wretarded children in his classes either equalled or surpassed the

‘if,national norm on every subtest.: He attributed this unusual finding to“»;f

Vo

"greater experience and opportunity for participation in physical
'h‘.[activities and general/fsmiliarity with the test items " (p 208)
'7The above Canlusion provides encouragement for‘the possible benefits

'v”‘of physical education classes' but it should be recognized that it

\

'f_falso emphasizes that the‘group tested were not typical of educable “~'J-

\ o

’ 'mentally retarded children..-‘f'

I

R "_’ ; Rarick Widdop, and Broadhead (1967) conducted a’fajor study to ;

‘ngstablish normative data on the Youth Fitness Test for educsble f:fi:ﬁ'

.”fftfmentally retarded children.‘ A totaI of 4 235 mentally retarded boys

y*;tand girls in the public schools of 21 different states were.tested.

'ff:zThe chronologiCsl age range of this large group was from 8 to 18 years.’ffﬁ

":r;The results iidlfated that th% retardates, at all sge levels, were

.

.-::;significantly inferior to national standards on all test items. The d‘,

s;fage and B€x. trends in performance on. the tests followed those of
S

'5friintellectually normal children but the retarded children were two to

'*73,”four Yesrs behind normal performance Btandards' thus confirming the

‘Ra iﬁmfaﬁdzﬁfﬁﬁiﬁéf(1972)¢cond,ct '



’ performance study bifween educab1e~menta11y retanded boys and girls

_ ‘ N - 261) and non—retarded children
'fﬁofhthe same age and sex‘(N - 145) The purpose of-the igvestigation
'f’fiwas to d;%ermine the factor structure of motor abilities underlying the

T‘i;.two intelligence groups and to ascertain the extent to which chronological
. o

'hvawf{age and sex effected the factor structure. After considerable preliminary

:?;finvestigation, 47 test itemp were sufficiently reliable to use in the ]
.fgfactor analysis.‘ The basic components measured were*-gross body
,izoordination, limb—eye coordination, speed and coordination of gross“
'ﬂfﬁglimb movqnents, manual dexterity, kinesthesis, flexibility, static i;[ﬁval
,xlfmuscular strengtl:g explosive muscular Strength muscular strength
‘h;fendurance, cardio respiratory endurance, body fat, and body size B
| The results of the factor analysis indi;ated that the factor SR
”fyfstructures were very similar for the two intelligence groups when &ﬁkn:.‘
: comparisons were made at spetific sex and age 1evels.a The educable
| mentally retarded had significantly greater body fat scores that the

:'éﬁlff‘, authors suggested indicated insufficient physical activity in

.‘n

; uﬁ?gicomparison to the non-tetarded subjects. The educable mentally retarded
ISRy 4 i
A were considerably less proficient in motor performance tasks requiring
T S v
’ 'ffgross and fine motor control flexibility,balance, and muscular

'1flfstrength and pOWer in comparison with the non—retarded of the same sex ?f‘ i

: :dfand ase.'.fﬁ;;f:5jfat<mﬁu

4The‘above studies of gross—motor performance indicate that mentally

Tl.fretarded persons are less proficent than their non—retarded counterparts ;fl,.

»non a: wide variety of gross—motor tests._ The difference in performance

-

”lﬁ”becomes greater as’ intelligence level decreases. The next section of thfs

ﬁjreview focusses on finedmotor comparytive research studiesf_TJ




g’frine - motor Performance of the Hantally xetarded

Cantor aﬂg’Stacey (1951) investigated the relationahip between /
I

f”intelligemce and manual dexterity.t Male familial retardatee (GA

: =:‘14 - 18 tange' IQ 64 8 42 - 82 raﬂ'-“‘* 1

“Jfftrials on the Purdue Pegboard Teat.r One trial acores for right lefp
] -

and botb hands were compared with the correapondiug mean aco;es for
:'865 induatrial men (from data reported by Tiffin and Aaher, 1948), L
-three trial scores for the aubtests were campared with the corresponding :ﬁgfr

,‘scores from 656 male veterans (from the data of Long and Hill

92.7)

N d'both casea the non-retarded subjects performed significantly better than ftQ:

’...":‘ p

~-¢,.

"rﬁ'fibased on an analysis of Variance of the data.» On all teets the 70 - 82 ;fﬁb"' '

-fﬁgﬁ;‘IQ groups was significantly better than the 42‘— 59 IQ group, the 60 ~:rﬁ'i.t-ft:

be erformance amon the age levels of retarded subjecte. The sugge‘bﬁdf::;, A
P 8 h \, Y G e g

- fﬂithat mentally retarded males develop maximum manuaI dexterity skills




‘-'
"" _.'. N [

“*gaj anrthermore, the time-on-target scores generally follUWEd the IQ

"“gﬁfincreaaing as group IQ*decreased was reported. y.’

Ellis, Barnett and Pryer (195:5,,n,.,.

o',“.to study-perceptual - métor 3earning in 170 moderately mentally

;;retarded young.men. The authors established three M A..groups'”

""«l Eh

Lok
.

"‘j‘- 4'8 CA- 16. o MA- 6.7 CA’- 17 1"‘*m- 9 5 CA/e 180,.
?:~The subjects performed ten massed trials of pracing a, five-pointed nf;A‘$ ’»*7*
dpuble—lined s:ar, while observing,:heix hand movements 1n a mirror. O

» ;The fiﬁding °f Reynolds and Stacey (1955) relating Performance time 53?? S

e o




Vo

V.J'in favour of the higher MK’groupF. The 20. trial performance curves for

@

'.:information to be processed

- was .43

' xselecting one"

“@9915.

: ‘-~ .
e . i . _ . B

' mental age and rotary pursuit performance in mental retardates by
"'g~dividing 88'male and female institutionalized retardates into the .
‘following three groups, . ';- 3 6 CA = 15 6 ‘N = 20 _i- 6. 3 CA -
15.7, N = 49; ‘- 9 b4, cA - 18 4 N = 19 . The pursuit rotor '

’ turntable rotated clockwisé‘at 60 rpm.’ Scoring was total time—on-

i

target per trial Subjects were given 20 twenty second ttials with

.ttwenty second intertrial rest periods. Using the mean time—on-target,

.the authors reported significant differenceg,among the three MA groups

[N
~

‘1the three groups were clearlyféifferentiated and subjects in the ‘Low

”':MA group (MA =3, 6) did not" improye whereas the two higher MA groups o
‘ishowed definite increases in proficiency.. The product~moment _

‘correlation between MA and total time-on—target with CA partialled out

;.

After reviewing the literature on the motof performance of mentally o

; retarded persons Annett (1958) employed a pegboard task to investigate o
,',,the effects of increasing information load on the performance of

L retarded and non-retarded adults., The task demanded GBat subjects

K

‘ftransfer, one by one Braillet pegs which were standing upright in a
.'board to a row of holes four inches away. The task was divided into
:four phases for analysis' °reach grasp, carry and assemble. . The

- o reach condition was varied with respect to information load. Black and

i

“white pega were, arranged in 4 conditions in order to increase the S
”'decision information 1oad from 1 Wit to 3 bits, 1, e., selecting one _t

’:H'peg from four re ired 2 bits of information to be processed and
PAZP

from: eight possible pegs required three bits of

Lo



l

Seventy-two institutfonalized male retardates were divided on the : }
, basis of verbal intelligence into three groups' High Grades with IQ 8 of
60 and over, Middle Grades with IQ 8 of 40 - 59 and Low Grades with IQ s'
) :;of below 60. The 24 subjects in each group performed the task in all
ﬁifour conditions o | | |
A counterbalanced design was used to’ equate presentation order and ”;f
yt.practice effects within the three groups. Annett qualified the use of
;,analysis of variance by noting that the estimates of variance in the
\'study were ‘not strictly independent, since subject and learning effects. B
and their interaction with each other and with the main effects were.:i/
c not surpressed.‘ Nonetheless, the regression results did not differ
1significantly from linearity, but the slopes Qgre significantly

‘different. The differential effect of increases in information 1oad

N ‘ ‘
--on the decision times of the three groups was highly significant The

o e
author noted that the channel oapacity, in information theory terms,f ‘

- was severely limited in: the lowest intelligence group He suggested
e

ST

"that this type of %nformation might be useful in job classification
ﬁefforts Ain sheltered workshops.’; v ‘. ‘
. Baumeister, Hawkins and Holland (1966) in a study designed to
' *determine whether supplementary knowledge of resnlts differentially
i.affects the performance of non—retarded and educable mentally retarded
' adolescents on a pursuit rotor task. The subjects ‘were 48 male ; ‘
institu ionalized retardates (CA = 13 9, IQ - 79 3) and 48 male students
_obtained frOm the public schools (CA = 14 0 IQ = results not available ) fi‘
Twenty pretest trials were given followed by rest periods of 0 2 or

30 minutes. *Ten additional post rest trials were also run. The

’

.},_'analysis of variance indicated the’ normals to be significantly better .

o

~,/;'



’”‘-&fnormals diminished with prattice. Dennyﬁ(l964) reported the same

tb.on thg pre—rest scores, however, a significant trials x intelligence T

groups interaction indicated that the initial superiority of the

‘phegomenon occurred on other motor tasks.,gThe'addition of a buzzer as (?
‘..vsupplementary knowledge of results benefitted both retardates and
. normals, but_not sufficiently to meet staﬂfhrd significance levels.;
gFinally, the-nypothesized facilitory effect, in favour of the retardates,

':of the supplementary knowledge of results was not supportegrd The

;authors suggested that the buzzer may not have been the mosts;,?f}*ﬁw""
'd”appropriate supplementary feedback to provide..;g
‘v Knights, Atkinson and Hyman, (1967) compared the motor 2
proficiency of 12 mongoloid retardates (CA = 14 2 MA - 3 5) and 12 ..'
.Anon-mongoloid retardates (CA = 14 2 MA = 4 1) with normative data B
collected on normal children for the followihg six tests' l. Maze‘i
Coordination Test" the dependent variables were the number of errors
g.(touching the sides of‘the maze with the stylus), the amount of time
~fhe styluses touched the sides of the maZe, -and the total time per v;hn
g'trial ‘ 2 Band-steadiness Test' the dependent variables were the -

R |

‘number of holes ang ‘the amount of time ‘the- stylus rested against the

o ’side of ‘the hole fj, Dynaometer Test-‘ ‘six trials were administered

ito each hand and the average hand pressure was used in the analysis.? v:
";}4 Graoved pegboard Test the’ time‘taken to place tenlgrooved pegs-tl
:?iuto a small Layfayette pegboard was‘the score used id thiswtest.

5.; Simple Reaction Time: the score used in this test was the time

frequired to press a telegraph key after the onset of a red signal

"nrlight. The average of’ five trials was used. 6 Tapping Test the"'7

-
AN

' mean number of taps for the three most rapid 10 second trials on the e



'-‘retardates and normals indicated that the

superior on all the tests except the grip strength variable. The
h'r authors noted that "the retarded children performed these motor tasks

at a level comparable to normal five year

.special class retardates (CA = 149 ll IQH= 66 10) ‘and 100 normal school

rf 1earning of the task by normals was superior to that of the retardatesv

"ltar ed‘were significantly

N

old children" (P 898). However,‘

e with-the noms for 14 yéar

children (CA = 148 45 IQ = 96 17) to investigate the effects of an 1

immediate error signal on the acquisition and retention of . pursuit rotor

performance under the conditions of equal practice and . 1earning to an +

%quated mean level of performance.“ The authors reported that the
d the immediate auditory feedback had no effect on performance.n‘.‘
There was no. significant difference in retention by normal and retarded
' i
subjects when each group had received an equal amount of practice and
initial performance was held constant.g--

CA recent study by Groden (1969) investigated the relationship g -

: between perceptual—motor behaviour ‘as measured by grip strenéth finger -i
"tapping speed and key press, and level of intellectual functioning.

- Groden suggested that grip strength and finger tapping speed measured :

'”5're1ative1y simple motor abilities while the key press task which

B

w,.»‘_._i..'<
O



ffcqnsisted of depressing four buttons on the c;::E?E'of a five inch“

. '»’

-square as rapidly as possible tapped more complex perceptualdmotor

behaviour

Fifty-four outpatient mentally retarded chi}dren (C&___B 33,-I;:§-[5
“7MA = 6. 763 performed the key press and finger tapping tests for three#@'

- 10 second trials and the grip strength test for three trials, he"

2._scores were the averages of the performances. Using\partial correlation :
’fmethods to control for chronolog*cal age, statistically sign icant 'yei

. .

, correlations were found between mental age and key press (r - 71), o

finger tap )r = .830), and grip strength (r - 780)» Wden both grip

/

‘s
i “\,‘-" .

3; strength and éhronological age ‘were. partialled out, the correlations ‘,."
’ ilbetween key press and mental age remained high and significant (r = .563)
AThe corresponding second-order\partial correlation with finger tapping -'u.
"f and chronological age removed was also significant (r = 487) Grodend.-7l
concluded that the above findings supported the probability that -
btibehaviour ‘on. the motor proficiency test key press, is a further

manif,station of the adaptive deficiencies of these children over "and )

above‘any associated simple motor problems as these might b\\r\flectedi

I
T~

’in grip strength and finger tapping (p 375) - ”;‘_':f -_4'vf ;f*‘;dglt

| Wea er. and Ravaris (1972) compared the psychomotor performancevof!j;ft

v'ﬁimentally .etarded subjects and psychiatric patients They also'i: |

‘ )»investigated the relationship between the‘psychomotor test scores and

' sthe degree of retardation in the institutionalized retardates .‘Theg'd
entally retarded adults were divided into 3groups in7which 78 were.;v‘m

"classified as miIdly retarded (IQ = 52 —'67), 180 as moderately

'”“retarded (IQ ' 36 - 51), and 14 as severly retarded (IQ = 20 - 33)



e S s

“;The psychomotor test Sﬁttery administered to~tge retardates consisted

"'-[of the following tests., l, Reaction time‘A removal;ofrfonefinger-‘,f

L

:'f;:;from telegraph key in response to a buzzer.‘fZ Tapping the rate?Sf

N : 5

-tapping on: a telegraph key for five seconds. 3.: Serial réaction time.'_‘u.

‘self—paced tapping with a wand on target dis s as indicatédiby stimulusr'
-tlamps.- 43' Transport-assembly test basically a Purdue Grooved p
'\lPegboard which was modified so that the pegs had to be rotated after
' ”insertion. The times to grasp and place pegs, and to transport the pegs
‘.”lin both directions, were measured separately. y'”

Comparisans between,the results obtained from the retardates with

ldata collected previously on psychiatric patients (Weaver & Brooks 1967), fg
Qindicated that the retardates were signifiCantly infe;ior in performance

g 4

”.fon all of the above tests ; Furthermore, the test battery clearly
o b Je

'v,differentiated using multivariate analysis, the poorer motor 'Ti;%‘f L

::fperformance of the moderately retarded group in comparison with the'f‘V"“ |

‘. ", o
Y.

- ey ’

‘::ﬁmildly\retarded.,
o ‘The above studies reviewing'retardate performance onva wide

: fvariety of fine-motor tasks indicate that the mentally retarded were f:'bi
':;inferior to. their non~retarded counterparts in almost all instances‘
'Furthermore, the degree of fine-motor deficiency was - related to. the.ﬁi %ib
1~»1eve1 of intelligence of the subjects involved. Mbtor deficiency being
-eeSpecially severe in those retardates with intelligence test scores
ﬁ'ﬁthat were 1ess than sixty. Correlational studies between mental ageband“
-{ifine—motor proficiency also resulted in moderate positive relationships;(u

The one study (Annett 1958) that varied the decision 1oad within

'.a task resulted in differential effects on the lower retardate groups.



- Fitts Léw'--' ;

. .1system.v He defined the motor system "as including the visual and

Sy

The next section of this review prov}destthe theoretical rationale»fyi'“

’f\'for the use of a reciprocal tapping task as aJ appropriate measure of '

T fine-motor performance in comparative resédrch studies. R

B o

TASchONerERATIONs

Fitts (1954), in a classic paper, used information theory concepts :l

";in an attempt to measure the information capacity ofd’he human motor

fa

proprioceptive feedback loops that permit S to monitor his own activity

(p 381) He postulated that the information capacity of the motor

[

system could be measured by its ability to produce consistently one

'l class of movements from among several alternative movement classes,'

- fhrthermore, he argued that the

.'information capacity is 1imited only by the amount“of
“statistical. variability, or noise, that is- characteristic
of repeated efforts:to produce the same ‘Tesponse. - The

. ‘information capacity of the motior system, therefore, can
~ be inferred from measures ‘of tﬁhgvariability of ‘successive
* responses that S attempts to make uniform. (Fitts, 1954
' Q'p 381—382) . o v

L capacity of the motor system and that this fact permitted the development

< -

.l{“ of an equation to express quantitatively the relationship between the‘

"‘

.

'7Fitts also proposed that there was a fixed information—transmission -

105

K-
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plitude, dﬁrattbn, and variability o{ motor responses.r He postulated

"\

that if repetitive movements of a/fixed average amplitude were speede%?
‘ up, then on the average each movement could provide less information,.-i

1resulting in a specifiable increase in movement variability Furthermore,
. @

1if ‘the movement amplitude was increased then movement variability and/or

F . -\' .
L

"average duration would be increased o ‘.ﬂ, o T e

-~

Three interrelated equations resulted from Fitts' formulatious

'The first proposed that movement time could be predicted by : /Movement
v ¥

time = a + b 1og2 (2A7W) where A is the amplitude of the movqnent (the_
i

'distancecfrom the . center of one target to .the center of the other),
. '
" and W is the width of the target within which the movement is required
1to end measured parallel to. the direction of the movement As Welford

(1968) has noted the essential point of this relationship is" that it

',H*makes movement time constant for any given ratio between amplitude and

' target width.‘v--' o ,,f'_ ' 5t5l{ 'l, . .'.', - ’“g[]ft, ley - lﬁt
Fitts recognized that using 24 rather than A in the formulation was 'q

"‘arbitrary, but h"argued that it ensured that the 1ogarithm would always be

o be positive, a well as reflecting the fact that the subject was choosing

pecific movement which had the possibility of either ove; - or under-'

o shooting the target. He also mentioned that it would not always be

. ‘accurate to use W as the measure of movement variability,‘as the subject

«

"l.“might concentrate his shots in a narrower range than ‘the’ target width

3

':1 therefore one would expect a. greater movement time in such an instance hf
| The second equation speeified the information contentbof a movement.
'I'and was given by. L ' - | |

Index of difficulty | log2 (ZA/W) L |

""f'where the parameters in the equation were those outlined above. The

>



o
R

'final formulation, that Fitts proposed was the prediction of the rate

- of information transmission which was defined as.' Q.l Lo :l R

Rate of . information transmitted - ID/MT

"where ID is equal to the index of difficulty, and MT: is equal to movement

»
i

time. "J”h S T “1 . o K\wr -t

Fitts (1954) developed the above formulations in conjunction with

' three experiments in which he attempted to*verify empirically the

relationship between amplitude, movement variability and movement time

The tasks were to tap alternately two plates separated by four different

'distances, transfer washers from one pin to amother, and transfer pins g

from one hole .to another., Only . the first experiment which involved ‘

v'*greciprocal tapping will be descrabed here. . In this experiment the

subJect was required to hit alternately on two metal strips, six inches _-'"
~

long, us:ng a metal-tipped stylus The long axes of the strips were

"perpendicular to the line of movement between them Four,widths of

itarget strip were used: 2 1 v~5 *and .25-inches at-each'of'four'
Ag_&istances between centres, 2 4 8, and 16 inches.‘ Fitts reported thats

”',for each category of target width movement time increased progressively

l

‘as movement amplitude increased Likewise, for each amplitude movement

B «

i'gtime increased progressively as tolerance was decreased The average N

]

_movement time plotted against %he index of difficulty resulted in an

EE

almost 1inear fit to the data. :¢ e

. Fitts also postulated that the rate of information transmission '
(define as C = ID/MT) should be constant over a wide range of movement
amplitudes and tolerances. " He found that the rate of performance varied:
between 10 3 and 11 5 bits per second over eight different index of

difficulty conditions' only in the least exacting condition studied
. . ’ N :



| S

.Joriginal form

of kW was added to the amplitude in the numerator of the equations ‘ The

."rationale for this modificauﬂgn was based on the argument that the

'fvpencil used different amounts of the target areas ~ When Zﬁe targets L

'.‘were wide and the distance short, the subjects used very

1‘target=width;(w)_wastnarrower,' Therefore, Welford (1968) following

L s T S g

.'\.'

:(A = 2 inches, w = 2 inches) did ‘the performance rate markedly fall off.

;'He concluded that. .

the fixed information - handling/capacity of the ‘motor system =
‘'probably reflects a fixed capacity-of central mechanisms for
- monitoring the results of the ongoing ‘motor .activity while at’
. the same time maintaining ‘the necessary degree of organization '
- with respect’ to. the: magnitude and timing of successive. movements
'(Fitts, 1954 P- 391).

w

Welford 8 Additions to Fitts . Law

Welford (1968) has suggested three unsatisfactory aspects of Fitts

P

s} following Crossman (1957) he suggested that in

f,order to prevent the constantAA from becoming negative,_as it was in
‘”'lFitts (1954) plotting of average movement time against the index of N
',vdifficulty, that the amplitude should not be multiplied by 2.

'g" Welford (1968) proposed a second modification in which a constant

A

'subject is called upon to choose a distance W out " of a total distance '
'l‘extending from his starting point Xo the far edge of the target This
gcorrection also ensures "that the 1ogarithm can never be a negative,

since in the extreme case when the movement begins at the edge of the o

-

target A = % W" (p 147) E __i. o o if

Welford s final suggestion centered ‘on the'amount of target used

bin the aiming tasks,‘ he found that subjects dotting between with a

......

ch 1ess than

4 N

;the full target width‘ therefore, the amount of information transmitted

' was much greater than Fitts' equation predicted because the effective.‘

e -



- tion of one of Fitts original equationsr

Crossman (1957), :-'siigge;tea'..':he:-fo'nvoﬁiag "‘c'sffec'mn to account for the
»ﬂ:amount of effective target width used by subjects. Thelcorrection'was‘ )
: based on the fact that the information in a normal.distributionvis.{ogz gf
' .Gr<r-_-3Where ;r is the standard deviation of the distribution. Sinceijf
- ‘__w-—g, = 4 133 and a range of * half this i.e. 2 0627, includes
»';about 96 per cent of a normal distribution, then if about 4 per cent of
;shots fell outside the target logz W’would be an accurate estimate of
the information contained in the distribution of shots Furthermore, if.'
’ the errors exceed 4 per cent the effective target width is greater than
_W and if the errors are less than 4 per cent the effective target
d’vwidth is 1ess than W. The exact effective width can be calculated from

tables of the normal distribution

Welford (1960) summarized the above three corrections in a modifica— :

Movement time = K log ( ei .5) where Wl is the mean\width-'

e . :

‘jof the two dié?aibutions of hits, one at each end observed with anyg‘
':particular combination of A and W and Al is the distance between theh; e
centres of these distributions ‘ .-u:ii'< ’7"',,~

R . . PR R . Y

Knight and Dagnall (1967) used a task in which the subjects

: aligned a pointer with each of two targets alternately i The targets had

"fi‘6 inch 1ong (radial) sides and four target widths were usedV 0. 25 0 5,

v ;l and 2 inches in combination with four amplitudes (angular separation)

/

g-} 2 5, 4 8 and 16 inches, the measurements were taken around theV

‘h‘circumference of the disc. Fitts (1954) Crossman 8. (1957) and o

'*fl,Welford 8 equations were used to calculate the index of difficulty, and

‘f°'}movement time was plotted against the three indices of difficulty.

.": St ’ . . »‘,



..‘iRegression techniques were usedvto decide which index of difficulty '

| 'provided the best fit of the experimental data.i Welford s suggestion .
'1_of 1032 (A/W) + 5 gave the best fit to the experimestal time data. ‘
| ) Fitts and- Peterson (1964), using a discrete tapping task,
”-i'investigated the effects of response amplitude and terminal accuracyﬂon
2 choice reaction time and. on movement time. The subjects had to move
' a stylus ‘a variable distance in the direction indicated by a signal light..
The: response had to be terminated on target plates of different sizes.
}The amplitudes of 3 6, and 12 inches and target widths oﬁ 1, 5;;.25;
and 125 were. used The two independent variables were the index of
'udifficulty and the number of directions condition.; The subject did not {j}
\f%pw whether to move left or right until the signal light came on"then |
he moved as rapidly as possible to the target plate indicated by the ::
light, Reaction time and movement time were the dependent variables fn |
;’}‘ the study. ‘l, f 7sff ’:’ ffp: - b_.f_;/vll L :
’1o€ : The results of the experiment indicated that increases in the index jfi
i.of difficulty have large and systematic effects on movement time whereas ;1ﬁ
.they have a relatively small effect on reaction time. These findings.
\ifi provide considerable support for the contention that reaction time

h reflects the uncertainty of a subject with regard to which one of a setv
o of'movements should occur while movement time reflects the relative
accuracy of termination required by the movement. |

| The rate of infornation transmission or rate of performance varied

from 22 bits per second for an index of difficulty of 2 5 (the least
difficult movehent studies), to 14 bits per second for the most difficult

movement studied with an index of difficulty of 7 5 Fitts and v

peterson (1964) auggested "that the motor system is relatively more
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efficient in producing 1ow—information responses“ for discrete movement o

J-"responses ( p117) The rate of performance in this diserete tapping task

v_'was faster (between 14 and 22 hits per second) than the rate/bf transmission

-fof approximately 10 bits per second in Fitts (1954) original serial

. %7 ‘
v.tapping task' hoWever, the higher rate of performance was partly due to

:_fthe fact that thme on target was not included in the total movement time.

It should be noted that the index of difficulty in this experiment

e

ﬁfwas caICulated by both Fitts original equation to*predict movement time ff%"

fas well as by Welford's (1960) correction of\it the 1atter method

"%provided the best fit of the data - 'LP“

o
The effect of instructional sets for speed and accuracy in move-.'

ment tasks of Varying degrees of difficulty was investigated by Fitts

“v.'and Radford (1966) The subjects were given monetary bonuses in

i

A‘accordance with a set payoff matrix which emphasized speed accuracy or

3s,neutrality of instruction set.' Increasing the speed payoff condition

L resulted in de?reased movement times,\but the number of errors also

f'increased under this payoff condition. T ""%,j ‘..fh‘”v' o

'~b

7; o Fitts and Radford also invéstigated whether the increase in errors q'f
, A
' »}balanced the increase in speed 8o, that the rate of information transmission

//

.Efwould be constant under the three instruction conditions. Using Welford s .r
‘dj (196(» method tO calculate effective target wiygh the authors calculated
H-ﬂthe/target widths which would be necessary at each speed for 95 per cent |
'of the movgments to hit the target (hits were assumed to be normally ";'f
distributed\about the center of the target) The rate oﬁ transmission
'7was:then~s°1ved by substituting the effective target width (Wl) for thevf

.*.-:actual target width (W) Small but consistTnt increases in the rate—of l"
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performance were found,in the speeded condition in comparison with the‘fii

accuracy condition, however, it should be noted that shifting from a o ) ;?

Speed to accu“‘cy ins ru‘tion set had less effect on movement time than S

'”Vlyone—bit change in the index of difficulty._f_;,ﬁy

| Welford, Norris, and Shock (1969), in a detailed study of h

' movement accuracy changes with increases in age, employed an a"

<¢/task in which movement times were recorded for dotting from si e_to

. side with a pencil between two targets drawn on paper" The'use £ -
paper and pencil permitted the location of . each shot to be recori\dt
Serial dotting runs of fifty shots in each direction with all :

- combinations of (A n W) = 50, 142 402 millimetres nd w = 32 11 and

::'millimetres we eicompleted

The. preliminary results indicated that the distribution of shocé],f*

'_t -

were not exactly normal but were between normal and rectangular,

therefore; the width of the distribution of shots for each subject was.

taken as the distance between the extreme shots excluding any wild

deviations v , e .lQT
The authors plotted the index of difficulty against the time per
movement expecting to find that Welford s (1960) equation of Movement :
time - K 1og (ﬁ% + 5) would provide a perfectly linear fit of the N
data.‘ The results were as expected for the larger target widths but [;«;;4

the movement times for the narrower target‘were too high..

In attempting to finﬂ an explanation for the above phenomendn,‘:bi
thé authors reported that when the points relating movement time tO‘.if'“:?l
the index of difficulty were plotted for any one target width at . |
differbnt amplitndes of movement and then joined, the resulting slope .

had a value of about 10 bits per second furthermore, when the points"’

Pt s

EEEEY
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for any one amplitude at different target widths were joined the
; resulting slope was about 6 bits per second Based on, the above

_qbservations the authors suggested that-perhaps two distinct control

T processes' ‘were operative; _ a faster distance—covering phase and a.
:hslower phase of 'homing on to the target" (p 10) _

The above finding prompted Welford and his associates to :
postualate a new prediction equation for movement time which would

- account for two different ‘8slope constants for amplitudes and targets :
\ .

respectively.v The resulting equation was: h '

Movement time = a 1og A1 - b log W% + I a) log W% where E

2

Wl is the scatter of shots that would be observed with ballistic

'movements °f amplitude Al and Wi' is the scatter observed with any -

. .

particular target width under consideration.
The authors plotted their data using the above equation and a11

’the points fell close to a striaght line. The rate of gain of information;
~-in bits per second implied by the slope constants a and b were 9. 65 and

3 65 respectively 1 These figures ‘are close to those reported by Fitts
vf(1954) for the rate of performance on his reciprocal tapping task

‘and the 5 65 bits per second is close to Hick's finding for choice—
'reaction times. The authors:conclude that "it is tempting to suppose

o
3
. P

'fthatywhile'the'formerVrepresents'some capacity of motor mechanism, the

' 1atter is limited by the same elements//f the sensory—motor chain 'as

1
7
e

vchoice—reactions" (p 12).

L Robin on and Leifer (1967) used a reciprocal tapping task in which

[

.

the tar7ets were drawn on white paper and a pencil was. used .as the

tapping,instrument \‘The subjects moved the pencil back and fof?h
B o . _

P
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hetueen the‘targets for 15 seconds. Tvelve,experimental conditions
consisting of all combinations of three amplitudes, A=3,6, or 12

-inches, and four target width W = 1.5, <25, or .125 were administered
The investigators asked‘%Pe questions.. "First does the . channel
capacity remain constant over widely differing error rates, and second
how accurstely can S. performt;n error—time tradeoff following simple,
‘verbal instructions" (p. 901)

| The first group ‘was instructed to keep their error—rates (per

fcent of pencil marks outside the targets) as low as possible without
unduly slowing their movements, an error rate of one to two per cent‘

‘was. suggested The second group ‘was told that- a substantial error-rate
would ‘be permitted in order to increase the ‘movement speed' an error
rate of ten to fifteen per cent was suggested .

. The results indicated\that the first group s error rate was

”approximately 3 per: cent while that for the second group was 1a~per

cent, however, the striking finding was that the- information transmission

':rate (bits per second) for the two instruction condition groups wvere
,Aessentially the same.‘ )

Bainbridge and Sanders (1972) have recently tested Welford s (1969)

‘f“contention that the logarithmic transform provides additivity of ampli-

: tude and. accuracy effects. Using the same type of paper and pencil
'T7dotting task as Welford (1969) the subjects in. this study made dotting
movements in time to a metronome set’ at: speeds of 6 4 and 3 seconds
1per movement. Three amplitudes ‘were used 4, 8 ‘and 16 inches. ‘Thus‘
amplitude and duration of movement were controlled while the resulting f"l

*

'accuracy of the‘movements were measured by the method that Welford (1969)

had employed. LT e
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The fundamental question of the study centered on whether the data
:‘was best fitted by Fitts’—;>!ginal equation in which movement time.is '

a logarithmic function of the ratio of the amplitude and - accuracy of the
'movement whatever their absolute sizes' or by Welford s (1969) equation
in which the logarithmic transform results in Al and wl being independent
cand additive.' The data ‘was plotted using both equations and*the results
supported Fitts ratio formulation rather than Welford‘s recent proposal.‘qy_
oo The aBove studies have indicated that Fitts Law, with minor |
corrections, accurately describes the relationship between movement time,
target width, and amplitude in aiming tasks. Recent research efforts
have attempted to delineate what processes underly such basic movement
‘aiming tapks' the central finding has been the increasing importance of

J
ithe role -of visual feedback as target width decreased in the tasks

.\, . . - & -

Visual Feedback and Reciprocal Tapping .

/

Woodworth (1899) in a pioneering paper, addressed the question of
: how long it takes to process visual feedback He asked subjects tc ke
'”back and forth movements with the eyes either open or closed' the

fsubjects were then asked to reproduce the length of the previous
\

movement. Different stroke rates were. employed in the«experiment and ’
Woodworth found that at a rate of lOO to" 180 strokes per minute the

laccuracy of the movement was no better with the eyes open than.with the
-geYes closed. B , "”': _ ,,:’ R f .f".:”

e -

Vince (1948), in a similar study, asked subjects to move to a ?.;] -

Alfixed line and back with the eyes either open or shut. -He- reported _

o

:results similar to Woodworth suggesting that the time required to process S

visual feedback was about 500 milliseconds. This finding makes a

£

visual feedback explanation of Fitts Law untenable as many of the L

- P

s
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: movement times he obtained were less than the 500 millisecond figure
However, Keele (1968) has pointed out that the method Woodworth and
Vinoe employed overestimated the visual feedback processing time in
'{tat some time was spent in Teversing the back and forth movements

| Keele and Posner (1968) investigated the time required to process
visual feedback in a study in which subjects had to move a stylus a o
‘distance of 6 inches to a: one—quarter inch target. The subjects

completed the task with the lights on. and in the dark. The results-i‘:
| indicated that movements of approximately 190 milliseconds were i

~performed with equal accuracy whether the lights were: on’ or not.‘ Move?

‘h'~ments of 260 milliseconds, or slower, were more accurate when the lights

o remained“on._ The authors concluded that it takes approximately 190 to
260 milliseconds for.visual feedback to be useful for movement<'
2 correction

_ The above finding 1ends support to the notion that precise move—
‘ments consist of a series of movements corrected by visual feedback '
fi processing.; Keele (1973) has suggested that movement control consists fd‘
,i-of a seriesvof decisions in which the signal requiring a response is B

» the discrepancy between the predicted termination point of - the moving

"limb and the position of the target, the response to . the discrepancy is- -

f”vthe movement correction Posner and Keele (1969 cited in Keele, 1973)

expanded the above position to postulate that if movements involve a '
J:series of decisions then they should also require attention., A series
of studies have been completed to investigate this notion.‘ '
Posner and his associates have used a probe stimulus technique to
"measure the attention demands of specific tasks. An important
S assumption of this technique is that the investigated task is being

A
G
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1performed at optimal efficiency, control for this assumption is
‘obtained by comparing task performance with and without the probe i1

3_stimulus«intervention. The probe stimulus may be intrqduced during

/

gfany given aspect of a task and the differential delays in reaction ‘time Vif*’

~

'are considered to be representative of the attention demands of the

.'task under study (Posner and Boies, 1971)

L

Posner (cited/in Keele, 1973) had subjects align a pointer with
/

ither a narrow or/wide target by turning a knob. A noise probe
?stimulus signal was employed and SUbjects responded to it by pressing
- a key with the free hand The attention demands of the tasks were a-
t‘measured by the reaction time to the probe signal Another condition
fin which no movement was required except a response to the probe signal
v'&provided the neezssarv control comparisons.vvﬂhen compared to the
:~control the experimental reaction time increased at all points probed |
¥ during the movement particularly as’ the target was approached
1jFurthermore, the probe reaction time was always greater during‘movement
hto.the narrow target than during movement to the\wider target |
= Ells (1973) used the. probe technique to investigate attention

pr

- N
"demands during the decision period preceding a movement and during the"“

’,'7actua1 performance of a movement.‘ Ells varied directional uncertainty, ) f'

3,'by using a directional signal lamp in his display, and movement precision

‘i'by having subjects align a pointer with a narrdw 1 3 centimeter target
:‘width or a wider target of 7.6 cenfimeters.. He introduced a probe d
t.signal at various pointa follawing the directional signal designating &":':
,:the movement target and at various points during the actual movement.

| Ells found that the relative degree of attention as measured by

‘Tthe probe reaction times increased from no attention at all when the

%



'ff-available for a given movement.\:

| | o . ous
:movement was’ terminated by a\stop to increasingly greater times\as the“‘
:targetg became narrower.i He" concluded that the ‘more precise the movement
‘fthe more attention was required:, Ells also reported that the attention
'.demand during the decision period did not depend on the difficulty of
'{the ensueing movement, thus providing further support for the contention
{that the selection and execution of a particular movement are performed
":,by relatively independent processes. , | | |
| Beggs and Howarth (1970) atte;;ted to”show the intermittent nature'
:of visual feedback in a simple speed and accuracy experiment by inter-'
"rupting the visual feedback loop.' Sub;ects were required to aim with a'
:pencil ap~a vertical line target about two feet in front of their faceS"
»from a home position near their shoulﬁers. The root mean square of the;i
rdistribution of pencil marks ab0ut the target was used to reflect the
"accuracy of movement." The movement speed was varied by having the _s
'j;subjects make repeated movements in time with -a metronome.v The ‘;;':"

R v4‘~

aijillumination of the roan was controlled by an infrared beam which
‘_automatically extinquished the lights in the room. when it was inter-
v“rupted by the pencil The infrared beam was moved to various distances.

ﬁff_from the target in order to-vary the amount of visual feedback time

' e e

The authors reported that removing visual feedback when the hand is

‘1close to the target has very little effect on the tenninal accuracy

| 7:provided that there is 1ess than one corrective reaction time, found

gi,to be approximately 290 milliseconds, between the removal of the

.-feedback and the h f, reaching the target. At greater times and distances”;g

.-_ away from the target the removal of visual feedback.has an effect on -

'terminal accuracy which depends mainly on. the distance the hand moves iu

3 .' the dark.v e T e e T PR

o



Howarth Beggs, and Bowden (1971) extended the above, work on. the i

' intermittent nature of visual feedback by developing rational equations o
: to describe and exp]ain the relationship between speed and accuracy of

movement. ' They postulated that if they could determine the precise ‘

r , R

'_relationship between distance and time as a tnnd appr)oached a given

% ' study by Beggs and Howarth (1970) One trial for each subj ect

. target then the distance the hand is away from the target at one .

: : corrective reaction t:lme to impact ‘could be calculated. Furthermore, ‘
g they argued that 1f the hand (travelled in an unc\ontrolled manner, over |
the distance in which no corrective movements could be made then there_
should be a simple relationship between the length of the uncontrolled v

vpart of the movement and terminal error.

The avpparatus employed in this study ms the same as in the above.' '

4

“'.consisted of :{) movements towards the target at a given speed while being
t:Lmed oVer a. given distance from the target. Each subject performed at
‘."v»-,six speeds. 42, 60, 84, 160 125, and 144 beats per minute of a . s
' ,. T‘metronome, with 10 trials of 30 movements for each speed -The erro‘r .'

_of aiming wvas measured by the root ‘mean. square of the distance of the E

:'Pencil narks from the target line | : L/ | ’ ‘. | ‘ ‘
The authors\used the Beggs and Howarth (1970) estim te of ‘one
: .‘-". corrective reaction time being equal to 290 milliseconds in order to.

xcalculate dﬁ, the 1ength of the uncontrolled terminal segnent of the

-movement-. The re]ationship between mean square error scores (Ez) and

) "‘:"d 2 at each speed ‘was. then plotted. The resulting best fitting : "

‘ straight line accounted for 98. 68 per cent of the variance and was ‘

'."_',reported as EZ = 5.87 +0. 000106 du2 The authors attrib/.xted the first
. ;soge of error to tremor of the hand and arm and the s;./cond source of

er to the distance to impact at’ which the last corréttive movement



' ;was made. ' L 'j' T SR ‘<3

o Using the above equation thevauthors predicted the effect of
-movement speed on accuracy by . plotting the relationship between mean
\tisquare error scores and the predicted relationship at different ;
imovement-speeds. The predicted line was linear and provided an
extremely close fit to the data. The authors concluded that the
‘accuracy of‘movements made in the dark to\a previously seen target is
_.a function purely of their length and not the speed at which the
.movement is made Furthermore, the results support the notion that

‘error on target is 1inearly related to the distance through which the 3

’=hand moved without corrective feedbac&.vg'it L "‘l;" _3

Megaw (l975) performed a series of experiments to examine some of
bsthe parameters underlying Fitts tapping task "The major thrust offhis

Do .
' research centered on the differences between serial and discrete tapping

3uperf0rmance. MEgaw found that in serial tasks movement time was deter—

‘“‘:-ﬁmined not. only by the accuracy demands of the movement but also the

attention given to the processing of feedback derived from the preceding
. movement particularly the feedback related to end—point accuracy.' He} :
”fnoted that his findings were consistent with the recent work of Beggs

kﬁ~and Howarth (1972) and the earlier work of Fitts and Posner (1968)

Kantowitz and his associates haye studied reciprocal tapping
:lperformance in terms of the central processing demands the task makes-
- when performed as an interpolated task in the Brown—Peterson short term

memory research paradigm They concluded that reciprocal tapping was
a highly response loaded task as it had little effect as a- distractor

o

_to rehearsal in verbal short term memory studies;7 (Kantowitz & Knight,'
R 7

o A~
.fl976- Roedinger, Knight & Kantowitz, 1977)

BT
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" The abovefSection presented a revieu of studies'based on Fitts'

.

Law (1954) relating movement time to movement variability and amplitude-
A number of modifications to the original relationship were reported
and,a wide variety of studies supporting its general applicability were
presented. Recent studies centering on- the importance of corrective‘
movements‘based on visual feedback were discussed

In conclusion, reciprocal tapping is an excellent fine-motor task
‘to use in comparative research investigations as it permits the :
manipulation of target information load under\a %umber of instruction
conditions. The dependent variables used ‘to measure reciprocal tapping

performance minimize floor and ceiling effects which facilitates the o

7/

interpretation of possible interactions between subject and task variables.;
Furthernore, if significant differences in reciprocal tapping performance -
| are found between non—retarded and- retarded subjects then a comparative

investigation of the visual feedback processes underlying reciprocal

tapping performancegcould,be_initiated,
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CAPPENDIX A

“~

vGeneral,instructions-prior to‘instruction”conditiOn.instructions:
This is a machine that sees how fast you can hit these targets.f :

'ifYou have to hit the targets one after another with this tapper. When :

o"'-

hofthis light goes on put the tapper on this target and get ready to Start o

il'tapping. This SOund (tone pressed for subjects to hear) will go- on. Wheniw"»

'you should start tapping the targets. Keep tapping until the sound thati
- you hear_stops, ;;.,ffg si'.'. 'J'd:iﬁ';.]it'h ‘ ._;:f "v o }f.

.

s'\instruCtion'for aCCuraey?condition

See these targets.f Try to hiﬁ them as many times as. you can when

'.-you hear the buzzer.g Now, remember be sure to hit the targets and keep o

mtapping until the sound stops.

QfInstructions for speed condition?_f'

'*sflsee'thesettargets: Try to hit them as many times as you can when o
'“you hear,the'huzzer} Go as fast as you possibly can.‘ Now,-remember,-

hhit them as fast as you can and keep tapping until the sound stops. Wi
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Analysis of Variance for Correct Hits Per Second Dependent Variable
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