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Abstract - ) A
Preplanning has generally been associated with the
reaction time interval and the end of this interval sipnified

the end of programmiﬁh. However, it is'possible that
preprogramming crosses The reaction time;movement time
interval. A bi-phasic movemenf. with equal movement lengths
in each phase.ﬁmay facilitate the location of response
progfammihg through comparison of the two movement times in
the two phases; Three conditions, preview, no preview and
combination were used to test this concept.

Subjects completed 240 trials at four different target
widths. Generally, results indicated that movement time
during phase 1 was faster (X = 600 msec) than movement time
during phase 2 (X = 696 msec). The preview and no ‘preview
groups performed equally well over the first part of the
primary task but slowed for bhase_Z sugresting that
performance of the first phase of a bi-phasic movement will
disfupt preplanning of the second phase. In addition, the
combined group moved slower over the first part of the
primary task likely as a result of the preliminary task

disrupting preplanning of the primary task.
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CHAPTFR 1
Introduction
while undergoing several modifications tg accommadate
Specific effects, the general underlying precepts of Fitls!
Law have remained unchanged since its inception in 19954
and i"1tts' Law has proved to be a valuable tool in the
inveétigaiion of aiming movements. The law offers a means
6f varying the difficulty of a movement task in an orpanized
manner by altering the parameters of movement precision and
.z'ampliLude. These parameter variations require time rdr the
Subject-to adopt appropriate chnitive processes,  The btimo
needed to organize and execute these processes will, in
turn, be reflected in chanpes in either ihn reaction time
or movement time interval, ]
Reaction time, however, can.be rmodi fied somewhat if the
planning ot the movement is COmplefcd in advance, ‘I'he
preplanning of aimed movements shortens the reaction timo.
One means of studying preplanning and motor proggémminﬁ,is
to introduce.a preliminary task immediately prior to the
'primary task and, thereby, discover whether preplanning
ermains—EBEEible or is interfered with in some consistent
Or predictable manner, Consequently, a task which takes
advantage of Ahe known relationship of Fitts' lLaw may be

used to study the preprogramming of movements.



Rationale

The preplanning of movemenf varies with the conditions
of the movement task. Some studies have shown that for
two-choice tasks which are previewed and have the same
movement distance, target size and duration could be pro-
rrammed in advance (Fitts & Peterson, 1964; B. Kefr, 1979;
Klapp & Greim, 1979). With preview and equal movement
parameters, the task assumed the characteristics of a
simple reaction time task. Even though the task increased
in complexity, there was little effect on the reaction time.

Redently,'B. Kerr (1983) suppested that preplanning of
an aiming movement'édulq be disrupted by a preliminary task.
Shé demonstrated this by using both a manual and vocal pre-
liminary task in conjunction with a computerized version
of Fitts and Peterson's (1964) discrete tapping task. Al-
though the targets could be previewed, introduction of an
aiming movement during the psychologipal refractory period
caused reactidn time to decrease and movement time to
increase as amplitude increased. These results indicated
that respornse programming was carried over into the move-
ment time interval and preplanning did not occur.

Klapp and'Greim (1979) found that preprogramming was
not possible when the target sizes were different for
movements in two directions, even though the targets were
the same distance apart and were visible. Choicé reaction

time as well as movement time increased as target diameter



decreased. This implied response programming during the
redction time interval may have carried over into the move-
ment time interval and consequently the task was not pro-

grammed in advance.

As both B. Kerr (1983) and Klapp and Greim (1979) have

implied that programming may be carried over inio the move- -

ment time interval, the simple discrete task may be taken
one step further by considerinp a hi-phasic movement.
During the bi-phasic movement, both phases have equal mave-
ment lengths which provides an opportunity to assess the
possibility that programming may cross into the movement
time interval. If it does, the movement time of phgsé 1 wi
be different from ghe movement time of phase 2. Tﬁus, the
foeus is not only directed to the r;action time interval
but also to the movement time interval.

Additional support for the utilization of a bi-phasic
movement in locating response programming comes from a
recent study by Fischman (1984). 1In an experiment,iﬁ
. which the complexity of the movement was increased by
Ehanging the movement parts from one to fi&é. Fischman -
found that the greatest increases in simple reaction time
and premotor time occurred as response complexity increased
from one to two movement parts. He concluded that having
to pause on a well-defined target was sufficient io cause
programming time to increase. Fischman demonstrated that

increases in movement complexity increased the reaction

i




time interval, However, Fischman did not consider that

response programming may have been carried over into the
movement time interval. Copsequently, a bi-phasic move-
ment is used to determine the exact location of response
programming. )

Furthermore, while B. Kerr (1983) varied the target
amplitudes to increase the difficulty of the task, there
ig support that varying small target widthé has a more
consigtent effect on reaction time than does varying the
amplitude (Glencross, 19763 Klapp, 1975: Siegel, 1977).
As a conséquence. manipulation of the target width is em-
phasized rather than manipulation of the target amplitude.

Also, Klapp and Greim (1979) conducted a choice re-
action time'experiment in which the signal fndicating
direction of movement was at an angle with respect to the
téﬂgets. Since the signal was located away from the tar-
gets, the targets could not be viewed while waiting for
the signal, Klapp and Greim found that the significant
increase in reaction time with decreasing target diameter
reflected the time needed for resﬁonse programming.
Likewise, Davis (1959) suggested that paying attention
‘to a signal rather than performing any overt response to
it produced the same results as if the subject had had
to fespond. In conjunction with Klapﬁ and Greim's (1979)

study in which the subject looks away from the targets

prior to the movement task, and Davis® (1959} study in



which the subject attends to a signal, the éxperimental
design and the location of the apparatus of this study
mirror these studies. Even though the primary task is
previewed.nthe subject's attention is diverted to the com-
puter screen and the preliminary task located at an angle
to the movement task.

The concepts of employing a bi-phasic movement along
with a preliminary task, varying the target widths and
looking away from the targets are investigated using
Fitts' Law as a basis. Fitts' Law is applied to this
study as it provides a chante to manipulate the parameters

of movement complexity in an orderly fashion.

Statément of the Problem

The general problem was to examine the effects of a
manual ﬁreliminary task on the preplanning of a bi-phasic
movement over a range of movement difficulty. Specifically,
to cqnsider {he impact of a preliminary task on the reaction
tinme, movement tiﬁe and error rate of a primary task with

regard to the question of preprogramming.

Hypothesis
The ‘hypotheses tested in this study were: 1)} A manual
preliminary task would disrupt preplanning of a simple

reaction time task in that reaction time would increase

with an incfease in the difficﬁlty of the ‘movement even
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though movement was previewed. 2) In a bi-phasic movement
with equivalent movement complexity in each phase, an in-
crease in difficulty of the overall movement (decreasing
the target width) would lead to an incréase in movement
time of the first phase as compared to the movemeni time
of the sccond phase duc to an inability to preprogram .

both movements,

Definition of Terms

fMitts' Law is a mathematical relationship existing between
tarpet width and the amplitude of a movement. Pro-
portiona} changes in either ¢f thesec factors éroduces
equivalent changes in the index of difficulty and the
Pad

movement time.

Frimary taslk ceonsisted of a discrete aiming movemenit from

a home plate to two distinct tarpgeis: a bi-phasic
movement. The movement was divided into two phases
with cqual movement amplitudes and target widths and
performed by striking the?two targets consecutively
with a stylus.

¥ .
Reaction time (RT) was the time interval from the presenta-

tich of, the tone to the initiation of a motor response.

Movement time one (HT1) referred to the time interval from

the initiation of a movement until touch down on the

first target.



Movement timg two (MTZ) was the time interval from touch

down on the first target until completion of the

movement.
L

Preliminary task was = visual discrimination task regarding

f . -
a Go/Stop signal. The response (RT) wag a manual “///

i

key press performed with the left index finger.

Interstimulus interval (IST) referred to the time interval

from the Go/Stop signal until the onset of the tone
signalling the beginning of the movement task. .
[

Movement complexity was increased by decreasing the size of

the target while other factors remained unchanged.

No preview condition was the group who looked at the computer

screen in order to prevent preview of the primary task.
They watched (the complete display on the screen until
the second stimulus signalling the start of the primary
task. At this moment, they turned their heads, looked

at the targets, and initiated the bi-phasic movement.

Preview condition was the group who looked at the primary

task (previewed the targets).
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CHAPTFR II ,

[}

Review of Literature
The review is presented under the following major
headlines: 1) Fitts' Law, 2) Generality of Fitts' Law,
3) biscrete aiming tasks, 4) Decision component,

5) Factors influencing reaction time and 6) A preliminary

1) Fitts' Law

While the human motor system has been of interest to
resecarchers for many years, il is only in the past few
‘decades that considerable gains have been made towards
understanding the %?derlying pr?cesses cf motor prqgrams.
uch of the increased curiousity followed the work of
Fitts {19%4) who reasoned that the infcrmation—processing
capacity of the motor system limited the speed with which
movements were made. Iitts proposed a relationship between
movement time and ratio of the required movement accuracy

and movement length (the index of difficulty): NT=log, &

This equation predicted a lineér relationship between the
index of difficulty and movement time.

In IMitts' original study (1954), he apflied thé basic
concepis of the information ﬁheory, amount of iﬁformation,
noise,. channel capacity, and rate of information trans-

mlssién, to the human motor system. Fitts reasoned that



if a subject made rapid and uniform responses that were
overlearned, and all relevant stimulus conditions were held
constant, an experimental situéﬁion could be created where
performance was limited prlmarlly by the capac1ty of the
.motor system (Fltts; 1954) '

To devise a mathematical means of testing the informa-
tion capacity of the motor system, Fitts likened it to the
channel capadity theorem of physical communication systems
put forward by Shannon in 1948 (Fitts & Petersbn. 1964) .
The theorem stated that for physical communication systems
having limited bandwidth (W) and signal power (S) and per-
turbed by white Gaussian noise of average pawer (N),
channel capacity (C) was equal to

C=W log, §%ﬂ bits per second (Fitts & Peterson, 1964).
This theorem was transformed into an equation whereby the
index of difficulty of a task (ID) could be predicted from
equating the average amplitude (A) of a movement to the
average signal amplitude plus noise, and half the range of
movement variability to peak noise amplitude (n). As a
result,

ID = A log2 %

A further modification of the theorem was to equate n=%

where W is the target width. Consequently,

24

ID ilogz _W

From this equation, Fitts reasoned that as long as the

index of difficulty was held constant, the movement times
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should be equivalent for different pairs of targets regardless
of changes in movement amﬁlitude or target width. Therefore,

Information processing capacity (C)=MT

If, by varying the amplitudé and target widths, the Value
of the index of difficulty of the task changed, Fitts
proposed that the average time per movement (MT) would be
MT = atb(ID)
where a and b are constants (Fitts & Peterson, 1964).
Fitts, then, discussed movement complexity in terms of the
index of difficulty which in turn was based on the amount
of information that a subject must process to generate the
correct response {Siegel, 1977).

To test these mathematical predictions, Fitts' experi-
ments were limited to repetitive movements of a fixed average
amplitude. He hypothesized that the average time per
response would be directly proportional to the minimum
average amount df information per response demanded by the
difficulty of the task (Fitts, 1954). This hypothesis was
tested through three different tasks.

The first experiment was a reciprocal tapping task.
The apparatus consisted of” two target plates of four different
widths (2, 1, 0.5 and 0.25 inches). The distances between
the target plates were 2, 4,'8 and 16 in;hes. The subject
held a metai-tipped stylus welghing either one ounce or one

pound. He was instructed to alternately tap the two targets
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ras Ja
. as quickly and accurately as possible for fifteen seconds.

\\

The second task required the subject to transfer plastic

’
p

‘washers from one pin to another. The hole in the center of
the discs varied from %. %.“% to %6 inches in diameter. The
movement amplitudes used were 4, 8, 16 and 32 inches. The
subject transferred the discs, one at a time, to another pin.
Digcs were moved fgom right to left as quickly as poséible.
The final experimenf was a pin transfer task. Four
sizes of pins ( %. %. %6 and %Zrinches in diameter) and
five movement amplitudes ( 1, 2, 4, 8 and 16 inches) were
used. Each set of pins was used with a set of holes whose
diameter was twice that of the pins; The subject had to
transfer pins from one set of holes toJ;nother as quickly
as possible.

' The results from all three experiments indicated that
the rate of performance increased uniformly as movement
amplitude.decreased and as tolerance limits were extended-
(Fitts, 1954), It was also found that within limits,
amplitude and target width could be varied without much
effect on performance rate, The level of optimal performance
for the three tasks was between 10 and 12 bits/sec. These
results taken together suggested that the performance .
capacity.of the human motor.system'was relatively constant
over a considerable range of task conditions (Fitts, 1954).

Fitts also hinted that the results of the experiments

could be applied in a more general context. To test the
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generélity of the theory, Fitts and Peterson (1964) conducted
experiments on discrete movements. They also cogsidered
reaction time and movement time separately.

The apparatus Fitts and Peterson used was,similar to
that of the tapping task-used in the previous study. However,
this time the subject held a stylus midway between two signal
lights. When one of the lights went'on. the subjeét moved
to hit the appropriate one of two alternative targets.

Target widths (1.0, 0.5, 0.25 and 0.125 inches) and movement
amplitudes (3, 6 and 12 inches) were varied. Three clocks
recorded reaction time (RT), movement time (MT) and total
time.

Fitts and Peterson found that reaction time increased
only slightly as target width decreased and movement. ampli-
tude increased. The only variable which had an effect on
reaction time was the relative probability of the two
alternative targets (Fitts & Peterson, 1964). On the other
hand, movement amplitude and the target width had a large
and systematic effect on movement time. The correlation
between movement time and the index of difficulty was above
+99 for the ranéé'of difficulty between 2.6 and 7.6 bits per
response (Fitts & Peterson, 1964). The index of difficulty,
then, permitted a good prediction of movement times for
discrete responses as well as repetitiﬁe responses.

Fitts and Peterson also observed that reaction times

’

and movement times were independent of each other. They
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- suggested that reaction time reflected perceptual processes
whereas movement time reflected the duration of motor system
processes necessary for the control of timing and patterning

of a movement (Fitts & Peterson, 1964),.

2) Generality of Fitts' Law

Immediately following Fitts' proposals, several experi-
ments were conducted to test Fitts' Law under a variety of
conditions. .Invegtigators have studied the generality of
the relationship-to different environmental conditions, age
groups and to a diversity of tasks.

The universality of Fitts' Law has been documented by
several studies (Carlton, 1979; Schmidt, Zelaznik & Frank,
1978) and even under adverse conditions (R. Kerr, 1978).

R, XKerr (1978) tested scuba divers on land and underwater
in a reciprocal tapping task. Working underwater placed

the subjects under greater stress in terﬁs of motor control.
The results of this study supported the relationship put
forwa;h by Fitts in that the underwater environment did not
change the relationship of the basic parameters of the task.

Fitts original experiments used male college-ége
students. Since then, several studies have been. conducted
across age groups (Welford, Norris & Shock, 1969) and on
children (R. Kerr, 1975: Salmoni & Mcllwain, 1979 Shellekens,
Kalverboer & Scholten, 1984). The study of various age

groups has revealed some interesting aspects concerning the
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movement phasge. ‘ _

Welford et al. {1969) used subjects rangihg in age from
twenty to seventy &ears. These researchersowere interested
in the linear relationship observed by Fitts. Welford et
al. found that with increasing age, movement time alsb'_
increased. When studying the movement phase, Welford et al.
noted that the :otal movement consisted of at least two
submovéméntsﬁa,a "distance covering" movement aﬁd a "homing-
in on the target " movement. This has been documented by
Carlton (1979) in a discrete aiming task and supports a
discrete feedback interpretation of Fitts' Law (Carlton, 1979).

The two phasgses of the movement prdposed by Welford et
al. (1969) provided a valuable basis for understanding the
slower movement patterns of children.. It has been hypothe-
sized that children have more difficulty with the "homing-in
on target" phase. R. Kerr (1975) and Shellekens et al. (1984)
have demonstrated that with increasing age, movement time
as related to the "homing-in" time decreased. From regres-
sion analysis and from direct movement registrations, the
"distance-covering" movement phase maintained a relatively
constant duration over age groups (Shellekens et al., 1984).
This agreed with R. Kerr {1975) but not with Salmoni and
McIlwain (1979). '

Nevertheless, the fundamental prinpiples of Fitts' Law
have been applied to various motor tasks. Fi%tsf original

experiment consisted of reciprocal movements. Since then,
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Fitts: Léw has been applied to other movement tasks such as
aldiscrete tapping movement (Fitts & Peterson, 1964) and a
horizontal arm sweep to circular target (Glencross, 1976).
"f,injaddition,:the Origihal‘interpretétion;of Fitts*
ﬂaw was that when a movement was made more difficult by
-

either decreasing the target width or increasing movement

amp)}jtude, then more information would need to be processed.

. Because this information would require more time to process,

this would be reflected in the movement time. Fitts' Law
implies an inverse relationship between the difficulty of
the movement and the movement time. To keep the rate of
info;mation processing constant, a person must either de-
crease speed in order to be more accurate or maintain -speed
at the risk of‘being less accurate. Fitts' Law, then,-can

describe the speed/accuracy tradeoff experienced in many

motor skills,

3) Discrete aiming movements

To perform a motor task, decisions must be made prior
to its execution. These decisions require time. The length
of time needed to select and assemble the elements of a
motor program is often feflected in fhe complexity of the
movement. This planning per%od is often likened to a
computer (Glencross, 1973). Keele (1973) identified time

and space as two variables that limit internal prccesses

within a computer and within a human system.
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As previously mentioned, it takes time to process in-
formation concerning a movement. The more decisions that
need to be made about a movement, the more time needed tol
analyze these decisions. Also, each mental decision demands

space within a limited capacity system (R. Kerr, 1982).

‘These two concepts, space-and time, may compete with each

other because of variations in a motor task and this is
often reflected in reaction and/or movement time.

Posner and Keele (1972) proposed a model of the mental

_operations involved 1in a simple motor skill. The task

Posner and Keele used was a discrete éiming task. A warning
signal ﬁéﬁf{bn. followed shortly by a stimulus iight to
which the Bubjeét responded by moving to a target. The
subjects were told that after a few practice trials, they
would have to replicate fhe task blindfolded. Thé mental
operations involved in this task were preparation; decisibn.
movement and storage.

The time interval between the first warning signal and
the stimulus light was terméd the{freparation phase. Time
from the stimulus light to initiation of movement was the
decision phase. Movement phase encompassed the time from
the initiation of the movement to its termination. Storage
was the rep;ésentation of the skill recorded by the subject.
Of these, the decision and movement phases are of importance
to the present study. The movement component has been fe-

L

viewed under Fitts' Law so the decision component will be-
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discussed next.

4) Decision component

The time between the onset of a .signal and the .initiation
of the response is termed the decisioﬁ component or reaction
time (RT).. This reflects the time needed to process |
information about the movement task. While simple reaction
times normally range from 0,20 to 0.25 seconds (Henry & Rogers,
1960) choice reaction times are usually longer. This section
will address the question of multiplé responses in terms of

- a) Hick-Hyman Law-and b) Psychological refractory period.

a) Hick-Hyman Law

Hyman (1953) studied the relationship between the amount
of information processing and reaction time in a serial
choice reaction time task. 1In a series of investigations,
the éﬁount of information that the subject'had to process
was variéd} Hyman found that the RT increased as a linear
function of the amount of information,

‘Earlier, Hick (1952) studied the relationship between
the number of stimulus alternatives and the choice RT
within the context of errors. It was observed that people
made more errbrs under quick responses and consequently
processed less information. The relationship between errors
and response was referreq to as the speed-accuracy trade-off
(R. Kerr, 1982). Pachella and Pew (1968) also supported

thig notion. They found that subjects working with a speed
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matrix were significantly faster and made Bignificantly more
errors than those subjects working with an accuracy matrix.

. A combination of the findings of Hick and Hyman has resulted
in the Hick-Hyman Law. This law proposed that choice RT

was linearly related to the number of stimulus-response

alternatives or to the amount of information that must be

processed.

b) Psychological refractory period

The géychological refractory period (PRP) refers fo
the time when a person is unable to respond to the second
of two_closely spaced sf£imuli until'the first response has
been initiated (R. Kerr, 1982). Researchers considered the
nervous system in'explaining this phenomenon. Stimulation
produces a single momentary exitation followed by a reduc-
tion of specific irritability which 1s known as the re-
fractory period (Telford, 1931). During this period of
decreased e&citability. the nervous system is unable to
respond. | ‘

Several experiments, using the presentation of two
sgccessive stimuli, were conducted to test the "refractory
period" principle. Researchers found that when discrete
stimuli, were presented in a series of irregular intervals,
the RT to the second of two stimuli separated by an inter-
val of 0.5 seconds tended to be longer than to the first

(Telford, 1931: Vince, 1948, 1949; Welford, 1952). If the
o
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interstimulus interval (ISI) was less than 0.5 seconds, the .
RT 4o the second stimulus was significantly more while RT
to the first stimulus remained constant. However, if the
stimuli.presentation was too rapid (ISI less than 0.1
seconds), both stimuli were grouped together and processed
as one (Harrison, 1960; Vince, 1948), In addition, if the
IST was too long {greater than 0.5 seconds), the RT to the
second stimulué‘gad the same value as when the first stimu-
lus was not performed (Henry £ Harrifon. 1961). Therefore,
it is important that gtimuli presentation not be so rapid
that stimuli are grouped together and processed as one or
that stimulil presentation be so distinct that the first
response can be made before the second stimulus appears.
Also, the ungertainty of a2 stimulus is a feature of the PRP.
If.the presentation of the second stimulus is at a fixed
interval, the subject will be able to anticipate the signal.
The mode of stimuli presentation, whether visuwal or
auditory, does not have an effect on the magnitude of delays
(Davis, 1959). Davis (1959) conducted a set of experiments
in which two consecutive signals were presented to the sub-
jects. The ISI's were randomly varied. Subjects were
required to respond to both signals or only to the first
signal. Davis found that RT delays were the same in both
situations and were not significantly d;kferent betwegﬂ
cases where the signals were presenteq in the same sense

modality (visual) or in different modalities (visual-



20

auditory). Because the magnitude of delays were iﬂs same
under conditiaens ﬁhen the subject had to respond to.b‘th
~stimuli or to only the second stimuli, Davis suggesteé that
it was paying attention to a signal rather than performing
any overt responsé to it which résulted in deiayé to sub-
sequent responses. Furthermore, since the mode of pre-
senfation had no significant effect on RT delay, Davis
sufgested that the classifying of a signal and {he organil-
zing of a response to it was performed by the same central
system. This suggestion agrees with the single-channel —
model put forth by many researchers as a means of explaining
the PRP.

The single channel model proposes a correlation between
humans énd a central computing system. Essentially tha\/ﬂ\r_
theory states that two separate stimuli cannot co:exist in
the central processes. Since no two central organizing
times can overlap, the second stimulus and its associated
response have to be held in storage until the central.
mechanisms are free and the subject can deal with them
(Creamer, 1963; Davis, 1959; Telford, 1931; Vince, 1949;
Welford, 1952)._ There is a definite organizing fime re-

-

quireq to process a stimulus and select an appropriate
respon;e. Also, this central delay can be influenced by
feedback (Welford, 1952). However, the single-channel
model only explains the increase in RT to the second stimu-

lus. Consequently, Herman and Kantowitz (1970) proposed an
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alternative theory, the "response-conflict" theory.
The response-conflict theory states that when stimuli

for different responses are presented in rapid succession,

the response tendencies aroused by the stimuli interact,
the RT's to both stimuli are affected (Herman & Kantowiftz,
1970). Although this theory does explain the increasg in RT
of the first stimuli as well as the second, it offerg no way
of predicting the extent of the effects of the interaqtion
of thg two stimuli.
Vince (1948) identified some problems associated with
the study of t@e}PRP. Firstly, if the stimulil are. presented
simultaneoﬁsiji the&’ﬁg;%gg—grouped together as a sinple
unit and RT will decrease. Secondly, even though a subject
is concentratin; on the display, his attention and central

i .
mechanisms will occasionally be taken up by interference and

+herefore RT will increase.

5) Fattors that influence reaction time

The time needed to pfocess information concerning the
movement task$is reflected in the reaction time interval.
Factors which influence reaction time and‘which will be
discussed in the following section are a} movement amplitude

and target width, b) complexity of movement, c) one-choice

tasks, d) multi-choice tasks, and e) preview/no-preview tasks.

a) Movement amplitude and target width

Movement amplitudé and target width fail to influence
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reaction time in a consistent manner (B. Kerr, 1978). These
two factors have been studied extensively by researchers,
but only a few pertinent exberiments will be outlined.

Klapp (1975) employed the Fitts péradigm in order to
manipulate target width and movement amplitude in studying
the process of .programming. He used é choice RT experiment
iﬁ which the number of alternative responses was kept con-
stant while the nature of the response (target width or am-,
plitude) was varied. The changes in RT, theﬁ, reflected
the time reqqired to generate the correct response (Henry &
Rogers, 1960; Klapp, Wyatt & MacLingo, 1974; Klapp, 1975).

Klapp (1975) conducted two experiments. In the first
experiment, subjects moved a stylus to the left or right of
an initial rest position to a target. The target diameters
were 2, 4, 8, 16, 32, and 6ﬂ'mm'and the target amplitudes
were 2, 11, 70, and 336 mm. Klapp found that for short
distances (2 and 11 mm), both movement time (MT) and reactign
time (RT) increased as target diameter decreased, but only
movement time increased as length increased. For long dis-
tances (70 and 336 mm), both MT and RT increased as target
diameter decreased and amplitude increased. The data obtained
by Klapp falled to support Fitts' Law for short movements but
did for long movements. These findings were interpreted as
implying that long movements are predominately programmed
and ballistic (Klapp, 1975). .

The second experiment, then, tested this hypothesis by
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eliminating feedback by turning off the illumination of the *®
targets once the stylus left its initial rest position. The |
same apparatus was used. The target diameter, however, was

2 mm or 336 mm. A signal lamp indicated which direction the
subject was to move. When ready, the subject executed the
movement. The short movements still proceeded with reasonable
accuracy in the absence of feedback while long movements were
virtually impossible (Klapp, 1975).

Glencross (1976) used a horizontal arm sweep aimed at
small circular targets to study the effects of amplitude and
tarret width on RT. His alim was to increase the complexity
of thé movement by increasing the degree -of accuracy while
maintaining the same basic movement pattern. The conditions
ranged from "no target" {(stopping the movement) to aiming at
2, 1, and 0.5 inch diameter circular targets. Glencross
{1976) hypothesized if a response was completed in 250 msec
- or less,'then the movement pattern would have to be prepared
in advance and controlled by means of a motor program. fThis
would be reflected in the RT. The results showed that RT
increased with precision but it was not statistically
significant. However, there was partial support for small
target conditions (Glencross, 1976).

Siegel (1977) used a variation of Fitts' paradigm to
examine the effects of variations in movement amplitude and
target diameter on choice RT. Choice RT was used because the

subject must wait for the stimulus to occur before implementing
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a motor program. The subjects were required to move a stylus
" over a range of amplitudes (5 - 300 mm) to circular targets.
Siegel observed that with targets bélow 15 mm, RT increased
with increasing complexity of the task. Reaction time also
varied as a U- shaped function with amplitude.

Reviewing these studies. RT is independent of both am-
plitude and target width for long movements (Fitts & Peterson,
1964 ; Klapp, 1975) but not for short movements (Klapp, 1975).
This latter finding, RT increases as target width decreases,
has more support when targets are very sﬁall (Glencross, 1976;
Klapp, 1975: Siegel, 1977). As shown, amplitude and target .

widths do not consistently influence RT.

b) Complexity of movement

The characteristics of a movement have been studied
quite extensively since Henry and Rogers (1960) introduced
the "memory drum" theory. The theory suggests that the or-
ganization of the neuromotor program will take place before
the movement starts. Henry and Rogers (1960) used three
mévements of different complexities under two experimental
conditions. A reaction time value was obtained from a simple
finger 1ift for the first movement. The second movement re-
quired the subject to reach forward and grasp a tennis ball.
The final movement experiment included a series Qf movements
and reversals. The subject had to reach up and téuch one

ball, reverse direction, touch a push button reaction key
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" anil then reach up and striké down a second ball.

The results indicated that RT decreased as the movement
became more complex. From this, Henry and Rogers (1960)
supposed that increased movement complexity early in a
movement would have a greater effect on RT than if the
complexity appeared later in a movement.

The more complex movements outlined by Henry and Rogers
required intermediate pauses on targets as well as movement
reversals. This introduces a critical variable determining
RT which B. Kerr (1978) identified as the complexity of
timing requirements. Further support that RT varies in
response to timing requirements for the components of move-
ment was provided by Quinn and Sherwood (1983). 'These
authors examined thé differences in processing time for two
types of modifications of a rapid ongoing movement. Subjects
attempted\to either increase speed or to reverse a horizontal
arm movement when a signal was presented after the movement
was started. Quinn and Sherwood found that RT was greater
for reversing the direction of the movement.\ They supgested
that an increase in the speed of an ongoiﬁg movement may
require bnly modification of a parameter variable while
reversing the movement direction required the implementation
of a new motor program (Quinn § Sherwobd, 1983). Timing
requirements are primary components, then, that influence the

time needed for movement selection and preparation processes

(B. Kerr, 1978).
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¢} One-choice tasks

One-choice tasks also present problems when studying RT
(B. Kerr, 1978). 1In these simple RT tasks, appropriate
target and direction/;an be cued in advance of the RT °
interval and thus it i1s possible to preprogram the movement
(Goggin & Christina, 1979: Klapp et al., 1974; Klapp, Abbott,
Coffman, Greim, Snider & Young, 1979: Kiapp & Greim, 1979).

Klapp et al. (1974) using a key-press task found RI
differences between long-duration and short-duration key-
presses under choice c{hditions. But, these RT differences
disappeared under a one-choice conqition. The authors con-
cluded that motivated subjects who had sufficiently practiced
the response had the opportunity to program the response in
advance for simple RT. Suppdrt comes from a diversity of
tasks such as speech paradigms (Klapp et al., 1979) and
aiming movements (Goggin & Christina, 1979:; Klapp £ Greim,

1979).

d) Multi-choice tasks

Multi-choice tasks, on the other hand, provide a valuable
means of interpreting RT. Direction uncertainty does not
allow a subject to pre rogrém a response until he has inform-
ation on which response to make. The choice RT paradigm has
the desired property that programming time is a necessary
component of the RT being measured {(Klapp et al., 1974).

Fitts and Peterson (1964) initiated interest in this idea when
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They altered Fitts tapping task (195479 from a serial task to
a two-choice discrete aiming task. |

. Klapp and Greim (1979) conducted two experiments using
the Fitts' paradigm to measure choice RT as a function of the
nature of the response to follow. In the first experiment,
subjects moved a stylus over a 2 mm distance to targets of
the same diameter under a choice visual, a simple auditory
and a choice auditory condition.‘ 'he target diameters were
2, 4, 8, 16, 32 and 6% mm. In the choice visual condition,
the signal indicating direction of movement was small and at
an angle of 720 with respedt to the tarpets. Since the
signal was located away from the targets, the targets could
not be viewed while waiting for the sifnal. Under the
simple auditory condition, the direction of movement was
precued to the subject prior to the RT interval. Consequently,
the subject could view the target while waiting for the
auditory “go" signal. This simple RY conditlon acted as a
control. The choice auditory condition combined the direction
uncertainty of the choice visual condition with the auditory
"go" signal of the simple condition. Under the choice
auditory conrdition, then, even though the subject could view
the targets, they did not know which direction to move until
an auditory signal located to the left or right indicated
which target to hit (beginning of RT interval). Each subject

completed all three conditions.

Klapp and Greim found that RT under the choice visual
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. condition significantly increased as target diameter decreased.
Under both the choice auditory and simple. auditory conditions,
target diameter did not have a significant effect on RT. Klapp
and Greim reinforced this finding by observing a significant
(condition X diametef) interaction effect between the choice
visual and simple auditory conditions, and the effect of
diameter. Because the target diameter effect was restricted

to choice RT, the effect could not havg been due to a non-
programming variable such asva speed—accuracy trade-off stra-
‘tegy (Goggin & Christina, 1979; Klapp & Greim, 1979). If a
speed-accuracy trade-off had been used, target diameter effects
would have been produced in both simple and choice RT condi- s
tions. Therefore, the significant increase in choice RT was due
to response programming (Goggin { Christina, 1979: Xlapp, 19754
Klapp £ Greim, 1979).

In the second experiment conducted by Klapp and Greim
(1979), the target diameters on either side were different as
oppoged to pairs of targets of the same diameters used'in the
first experiment. The apparatus and' procedures were identical
to the first experiment except that only choiée auditory and
choice visual conditions, and two target diameters (2 mm and
8 mm) were included. '

Congistant with the first experiment, RT was longer in
the choice visual than in the choice auditory. For the choice

visuallcondition. RT was longer for movements to 'the smaller

target. By contrast, RT was longer for movements to the
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larger target in the choice auditory condition. Klapp and
Greim's interpretation of this choice auditory finding was
that most subjects planned, in advance, for the.more difficult
target.

Results from the first experiment led to the conclusion
that two differeﬁ% movemgnts can both be programmed in advance
if the target size, movéhent diétance and duration are the
same and ﬁoth targets are visible. Results from the second
experiment indicated advance programming is not possible when

the target sizes are different for the two directions even

" though the targets are the same distance and are visible.

e) _Preview/no-preview tasks

Another manipulation of RT is the comparison of situations
with and without advance preview. When subjects can preview
a task it introduces the possibility that ﬁfogramming the
movement can occur before the stimulus and thereby shorten
the RT period (B. Kerr, 1979; Klapp & Greim, 1979; Sheridan.
1981) . | |

Sheridan (1981) condu;;ed two experiments using tasks
similar to those outlined by Fitts (1954). One task had
advance preview while the other had no preview. .Sheridan
concluded that the no-preview design was more sensitive to
changes in RT due to variations in task conditions than the
preview design. Target preview eliminated some of the RT

differences.



. B, Kerr (1979) questioned whether prior knowledge about
the moveﬁent, rathér‘than preview, was a determinant factor
on RT difference. She employed a computerized version of
Fitts and Peterson's (1964) discrete tapping task. In the
no-preview conditions the targé% appeared as the signal to
begin. Tarpets occurred a) on the right only, b) on the
left only, or ¢) equally ﬁften on the leffvand right of
center. Reaction time decreased as’.distance intreased.
Times were faster when only one bossible direction was pre-
sented, .

To control for factors that may have been caused by
the sudden display and/or related to percéiving and en-
coding information, subjects watched the no-preview display
but pressed a RT key in response to all possible targets.
Reaction time did not var& with distance. This finqing
suggested that-decreases in RT with distance found in the
movement responses in the no-preview situation was related
to processes involved with selecting, preparing and exe-
cuting the proper movement (B. Kerr, 1979).

In the preview conditions, when more than one choice
was posgible, the wrong target disappeared as the signal to
move. The subjects performed on an apparatus similar to
that used by Klapp and Greim (1979) in their first experi-
ment. B. Kerr (1979) reproduced Klapp and Greim's (1979)

findings in that mean RT did not vary with distance in the

30
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preview condition. Results suggest that RT varied with
distance with no-preview, but was independent of distance
with previeﬁ (B. Kerr, 19?5: Klapp & Greim, 1979; Sheridan,
1981).

To test whether advance distance information would be
sufficient to eliminate tﬂé independence of RT and distance
found in a preview situation, B. Kerr (1979) conducted a
follow-up experiment. The task was identical to the no-
preview study outlined earlier by B. Kerr (1979). Advance
knowiedge about target distance was given but direction and
target width information was not available until the target
appeared. The same distance occurred eight consecutive
times. 7

Reaction time decreased as distance increased. This
is similar to the no-preview situation reported earlier
(B. Kerr, 1979). However, post hoc analysis on no-preview
two-cholce and no-preview precue data showed RT decreased
over blocks of trials. B. Kerr (1979) suggested, with
practice, distance precue permitted advance planning. .

Nevertheless, no-preview situations can be regarded as
a choice RT situation, producing similar results, whereas
preview situations tend to represent a simple RT situation

(Klapp & Greim 1979; Sheridan, 1981).

6) A Preliminary Tasgk

Preplanning a movement can occur in one-choice tasks-
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(Gogein & Christina, 1979; Klapp et al., 1974; Klapp et al.,
19793 ¥lapp & Greim, 1979), two-choice tasks that are pre-
viewed and have the same movement distance, target éize and
duration (Fitts & FPeterson, 1964; Klapp & Greim, 1979) and
vhen targets are'pfeviewed (B. Kerr, 1979; Sheridan, 1981).
Consequently, prepianning is conceivabY¥e. An aspect which
int}igued B. Kerr (1983) was whether preplanning was-stiil
possible if subjects were engaged in a preliminary task
prior to a movement. FPreplarming would be maintained if
RT's for different target distances'Were equivalent. - >

B. Kerr (1983) used a computerized version.of the Fitts
and Peterson joystick-controlled task. Her éxperiment con-
sisted of two independent tasks, a preliminary task and a
two-cholc movement task.

The preliminary task was a éq/no go auaitory discrim-
ination. When a "go" response was required, suﬂjects either
pressed a keypress with the left index finger (manuall
response) or éaid‘the word "bop" (vocal response).

In ?ﬁp two-choice movement. task, the subject moved a
cursor tonone of two possible 242,mﬁ—wide targets. The
target distances‘(9.0. 13.5, 18.0 and'22.5 mm) were
equidistant from thé center grid. Both targets were displayed.
When one target disappeared, the subject moved to the re-
maining target. RT ﬁas measured from the imperative stimuius

until the cursor touched the boundary of the center grid. ’

From this point until the cursor crossed the inside border ’
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of the target was the movement time (MT).

Sixteen right-handed subjects were assigned to each of
five possgible cond}tions: 1) manual preliminary task,

2) vocal preliminary task, 3) movement task,‘ 4) manual/
movement task, and 5) vocal/movement task.

Subjects in the manual-only and vocal-only conditioné
first previewed the targets. Then, the auditory signal for
the preliminary task came on for 75 msec. The time interval
(250, 500, 750, 1000, 1250 and 1500 msec) between target
preview and tone stimulus was randomly varied. Upon tone
presentation, the subjects responded according to the
condition requirements. Subjects in the manual/movement and
vocal/movement conditions continued this sequence by moving
to the appropriate ta;get when-one of the two targets
disappeared. The interstiﬁulus interval (ISI) of 100, 150
or 200 msec was the time between tone onset and the dis-
appearance of one of the targets. Subjects in the movement-
only éondition interpreted the auditofw signal as a warning
tone.

Subjects participated in two sessions. ‘'he first
session consisted of four blocks of forty-eight trials.

They received knowledge of results after each trial. These
results were summarized after blocks of trials.

Results were subjected to analysis of variance. The
outcome of the movement parameters showed that without a

preliminary task, RT did not vary significantly with target
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distance but with the preliminary task, RT decreased
~-gignificantly as target distance increased. As expected,
MT‘incregsed as distaﬁce to be moved increased. Under both
preliminary task conditions with no movement, RT decreased
ag target distance increased.

B. Kerr (1983) suggested that because RT decreased as
tarpet distance increased with the preliminary task, pre-
planning was disrupted. The same results were observed by
B. Kerr (1979) under no-preview conditions. B. Kerr (1983)
noted that disruptidn occurfed with both manual and vocal
preliminary respenses and therefore cannot be attributed to
competition between two manual responses.-"ﬁigb. disruption
occurred following no-go as well as go respons;s suégesting
that ovért responses were not the cause.

Consequently, the utilization of a preliminary ézgk
was similar to no-preview tasks (B. Kerr, 1979) and two-
choice tasks (Goggin £ Christina, 1979; Klapp & Greim._

——-1979) in that preplanning of a movement cannot occur.



CHAPTER III

Method

Subjects
Twenty-four male and twenty-four female undergraduate
gstudents from the Kinanthropology and Physical Education
departments of the University of Ottawa served as subjects.
They received partial course credit for their participation.
Subjects were all right-handed and ranged in age from

&
nineteen to twenty-eight years.

Apparatus and task

The equipment was composed of an IBM personal computer,
a metal stylus and a tapping task apparatus. The task was
divided into two parts, a preliminary reaction time task and
a primary tapping task.

The preliminary task was performed by depressing the
spacebar on the computer key board in response to a "go"
signal., The dependent variables of the preliminary task
were a) reaction time, and b) number of efrors. These
factors were displayed on the cdmputer screen after every
trial.

The primary task was performed by tapping with a sharp
metal stflus on sheets of white paper placed over a metal
plate. The stylus and metal plate were c ected to an IEBEM
personal computer in order to record‘RT.and\MT's. The mgtal

stylus was similar to a pen (11.5 cm in length, 0.5 cm in
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[
diameter). Each tap would pierce a small hole in the paper,

thereby completing the electrical circuit.

Pairs of targets, 6 cm long, were drawn across the width
of the paper. The target widths were 4 mm, 6 mm, 8 mm, and
10 mm, and the target amplitude was 16 cm for both moyements.
A block consisted of 10 trials, and after every-blbck the
sheet was replaced. This was to help monitor errors and give
the subject a short rest. The subject performed six blocks
at each target width before proceeding to the next target
width. The dependent variables measufed in the tapping task
were a) reaction time, b) movement time - phase 1, and
c) movement time - phase 2.

Clocks inside the IBM computer recorded the RT and MT in
msec. ''hese clocks also controlled the time sequence for the
" two-part task., The clocks were activated when the stylus
touched down on the hcome .plate and @ime was terminated when
the stylus made contact with the second target (see Figure 1).

One second after.the stylus was set down on the home
.plate, "READY" appeared on the computer screen. A+t random
intervals of 250, 500, 750, 1000, 1250 and 1500 msec later,

a tone and the go/stop signal appeared. Thié instrﬁcted the
subjects to either perform the preliminary task or not.
Following fhis visual signal, a higher-pitched tone sig-
ﬁalling the start of the movement sounded. The interstimulus

interval (ISI) varied from 100, 150 to 200 msec. The RT and
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READY

GO

The experimental design of the bi-phasic tapping
task: A) Computer screen and keyboard, B) Metal
stylus, C) Home plate of bi-phasic task, D)} Paper
with pair of targets and E) Display of preliminary

task instructions on computer screen.



MI''s for cach subject were displayed on the computer screen
after every trial. If the movement was initiated prior to
the sccond tone or the stylus did not make contact with the
copper plate, the trial was aborted and repeated immediately.

The subject and experimenter were located in the same room.

Procedure

The experimental session lasted approximately fifty
minutes. Subjects were randomly assipned to one of fcur
experimenltal grouns upon entering the experimental room.
They were told that they would practiée first and then be
tested,

The subjects sat in a chair with the tapping apparatus
dircctly in front of them. The home plate was lcocaled
approximately opposite the midline of the -subject. The
computer screen and keyboard were located 900 to the left.
of the tapping apparatus so- that the subject could not have
complete view of the tapping apparatus while oﬁserving the
compute; screen, o

Subjects performed three training blocks of 24 trials
cach in the following sequence: one block of the preliminary
task, one block of the primary task, and one block of a
combination of the two tasks.

They were given instructiions on the preliminary task

[
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and then performed one block of trials. After each trial,
the RT and error (responding to a stop signal) were dis-
played on the computer screen. Next, the subjects were given
instructions on the primary task, and then performed one
block of trials with a pair of targets present. The RT for
the primary task, MI' of phase 1 and M!' of phase 2 were

displayed on the screen after every trial. Finally, in-

“structions concerning the third part of the practice were

piyeh and the subjects completed one block of trials with a
pair of targets present. ‘The reaction times for the pre-
liminary task and to the second tone as well as the two
movement times were displayed after each trial.

Immediately following their practice, the subjects were
told which task they would be performing and then completed
four blocks of 60 trials under their respective group
conditions. 1In addition, the subjects were given a gquestion
on how they felt - "very nervous", "nervous" or "not nervous".

They were asked to rate themselves on a scale from O to 10

. prior to testing.

Subjects in the preliminary task group depressed the

. spacebar with their left index finger (preliminary task) as

soon as the tone sounded and "go" appeared on the computer
secreen. In oré%r to equate time across groups, this group
also made a tapping movement with the stylus® If “stop"
appeared on screen, the preliminary task grocup did not depress

the space bar but still performed a tapping movement.
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Reaction time and errors were displayed on the screen after
every trial.

Those subjects in the no preview and preview groups
regarded the first tone and the go/stop stimulus as a warning
sipnal and thus performed oﬁly the tapping task, Howevér.
subjects in the no preview group were asked to observe the
screen to decrease preview and, when the second tone sounded,
to look at the targets and perform the movement. Subjects
in the preview proup previewed the tapping task .and initiated
a response at the sound of the second tone. Upon completion
of a movement trial, subjects in both groups received
knowledge of results in the‘form of RT and MY data., If the
subject lifted the stylus prematurély. an error was indicated
by the computer and the trial was repeated.

Subjects 1in the combined group performed both the pre-
liminary and tapping task in seguence, The time interval
(ISI) between the go/stop stimulus and the second tone onset
was varied. Reaction time to the preliminary task and the
primary task as well as the MI's were-displayed on the screen
after every trial.

The task was self-paced in that all clocks were stopped'
at the completion of each movement and were only re-started
when the stylus made contact with the home plate. Thus, the -
next trial did not commence until the subject returned the
rstylus to the starting position.

The order of presentation of the target widths was
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randomly varied to control effects that may have been caused
due to the sequence of presentation. 3

After completing 240 trials, the subjects were given a
second question concerning "how hard they tried". Again, the

subjects were asked to rate themselves on a scale from 0 to 10.

Design

Before the main analysis was done on the computer, the
subject's data was averaged across the interstimulus interval
and fhe go/stop variables so that each subject had twenty-
four time measurements. Analysis of.variance with repeated
measures was accomplished using a BMDP (P2V) package from
the University of Ottawa.

The main analysis compared the primary movement time
data of the three conditions (preview, no preview and com-
bined task) to determine if response programming had been
cafried into the movement time intervals., A4 3 x 2 x 4 x 3 x
2 (Condition x Phase x Target widths x ISI x Go/stop) analysis
of variance (ANOVA) with repested measures on the last four
factors was used.

Tn addition, the reaction time data of the preliminary
tﬁgk and combined task groups was subjected to a 2 x 3 x 2
(Condition x ISI x Go/stop) ANOVA with repeated measures on
the last two factors to establish the impact of the preliminary

task. Finally, reaction time to the second stimulus was

analysed across the preview, no preview and combined task
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groups using a 3 x # x 3 x 2 (Condition x Target widths x ISI
x Go/stop) ANOVA with repeated measures on the last three
factors. .

All significant main effect interactions were isolated
through simple main analyses. Those comparisons which were
significant were subjected to Tukey's post hoc analysis and
then interpreted. Significant main effects which were
significant but were not interactions were directly subjected |

to post hoec analysis and intefbreted.

-



CHAPTER IV
Results
The results will be considered under the following
sections: Primary task: reaction timejy Primary task:
movement time; %gs}iminary task: reaction timey Error rate

and Questionnaire.

Primary task: Reaction time

In the main analysis (Condition x Width x Go/stop x
ISI), the main effects of Condition F(2.33) = 21.92, p<0.01
and Interstimulus Interval (ISI) F(2.66) = 53.61, p<0.01
were significant. As well, the Condition x ISI interaction
F(L4.66) = 12.03, p< 0,01 and Go/stop x ISI x Condition inter-
action F(4.66) = 3.73, p<0.01 were significant. There was
no significant main effect for target width.

Though the main effect for Conditigns was significant,
the post hoc analysis did not éeparéte the differences.

This occurrence can be attributed to a large mean square
value (MS = 80,139) relative to a small sample size (n=12).
Because of this relationship, no post hoc differences were
found. Examination of group means disclosed the no preview
group as being the fastest (X = 143 mgec), the preview
.group next (X =‘228 msec)'énd the combined group as being

the slowest (X = 299 msec). The fast RT's of the no
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preview group were surprising as these subjects were looking
away from the primary task and attending to the computer
gcreen. While the no preview group were watching the
computer screen, they saw the complete display - READY
followed by GO/STOP and the two response signals., Apparently
the warning signal, READY.‘allowed them to prepare for or
anticipate the movement signal and react quicker to the
primary task. The preview group did not see the READY signal,
and therefore, had no specific warning signal prior to
reacting to the primary task. The combined group, as
predicted, had the slowest RT's because they were engaged
in the preliminary task at the same time they had to respond
to the second stimulus. More attention was demanded of the
combined group, as was evidenced by their slower RT's.

The analysis of primary task RT algo indicated sig-
nificant effects between the interstimulus intervals (ISI).
The RT for ISI 100 was 241 msec, for ISI 150 219 msec, aﬁd
for ISI 200 210 msec. Pairwise'ﬁggi‘ﬁgc analysis revealed
significant differences between ISI 100 and ISI 150 (p <
0.05) and ISI 100 and ISI 200 (p<0.05). The reaction times
of IST 150 and ISI 200 were not significantly different.

The éldﬁ RT for ISI 100 is due to the fact that the two
signals were presented so closely together that the subject
did not have time to prepare or initiate the response,

The largest interval, ISI 200; possibly gave the subjects

enough time to distinguish the two signals in that they
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may have already initiated their response to the first signal.
Consequently, the response to the second signél was not
delayed as much(as with the shorter ISI's (refer to Figure 2).

The Condition-¥ IST interaction was significant under
the main analysis. &Simple main effects usgd to isolate the
interaction revealed that only interst;ﬁulus intervals'in
the combined group were different (sz0.0S). Post hoc
analysis showed that the RT's for ISTI 150 and ISI 200 were
equal and both faster than IST 100 {p<£ 0.05). This suggests
that because the combined group had to ﬁo the preliminary
task, ISI 150 and ISI 200 were long enough for the subjects

to inifiate their first response (reacting to Go/stop) and |
to concentrate on their secpnd.response. As ISI 150 and

ISI 200 were equal it suggests that an ISI as low as 150
mesec is sufficient for a subject to process information and
be reacting to one stimulus while initiating a second
response. |

The three-way interaction, Go/stop x ISI x Condition,
was-also significant. To isoiate this interaction, simple
main effects were performed.- Three simple main effects

 were found to be different: no preview group {(Go) across
ISI; combined group (Go) across ISI; and combined group
(Stop) across ISI., Tukey's post hoc analysis confirmed

the previéus' Condition x ISI interaction. In the no pre-

view group (Go), combined group (Go) and combined group {(Stop)
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- conditions, RT's of IST 150 and ISI 200 were faster than
ISI 100. Also, the RT of ISI 150 was equivalent to ISI 200.
The no preview group, under go conditions, obtained similar
‘results to the combined group because they were also
looking away from the primary task. Possibly the movement
of the head {(from regarding the screen to looking at the
targets) was sufficient interference to warrant the. simi-

larity between the no preview and combined groups.

Primary task: -Movement time

In the full analysis (Condition X Phase X Go/stop X
IST X Width), the main effects of Condition F(2,33) = 5.35,
p<0.01, Phase F(1,33) = 117.73, p<0.0l1 and Toipet Width
F(3,99) = 84.46, p<0.01 were significant. In addition,
the Phase X Condition interaction F(2,33) = 10.42, p< 0.01,
Phase % Width interaction F(3.?9) = 14,98, p«i%.Ol. Phase X
Go/stop interaction F(1,33) = 6.34, p<0.02, Phase X ISI X
Condition interaction F(4,66) = 3.73, p<0.01 and a Go/stop
X ISI X Condition interaction F(4,66) = 3.02, p<0.02 were
also significant.

Overall, the difference between the Conditions was
significant. The preview group had the fastest MT (X = 611
msec), the no preview group the next fastest (X = 642 msec)
and the combined group the slowest (X = 692 msec). Although

there were no post hoc differences due to the relationship
between the large mean square value (MS = 970,635) and the
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smali sample size (n = 12), the significant F-value indicated
a difference between the‘preview.group and the combined
group.

The main effect of Phase was also significantly
different. Phase 1 was completed by all groups faster (X =
600 msec) than phase 2 (X = 696 msec). Two reasons may
explain this occurrence. Firstly, the movement to the first
tarpet was assumed to be programmed in advance and therefore
had a f;ster MT whereas the second moﬁement was assumed to
be programmed either while the subject was doing the first
movement or after completion of the first movement. Conse-
quently, the delay may be attributed to some processing being
performed. Secondly, because the time on target was not
recorded, the second MT incorporates the time on the first
target as well as the second MT, However, this addition
should have been equivalent for all groups if movements for
rhase 2 were preplanned.

In addition, a Phase X Condition interaction was signi-
ficant. Further analysis did not isolate the interaction.
Consequently, there was a difference betwéen the groups and
the phases. This difference seemed to be confined to the
fast MT of thé preview group at phase 1. This is illustrated
in the graph Phase X Condition (refer to figure 3).

The main effect of Target widths was also significant,

The fastest time was recorded when the target width was
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the widest (X = 573 msec), while tﬁe slowest time was re-
corded when the target width was the narrowest (X = 742
‘msec). Tukey's post hoc analysis.revealed that the
pairwise comﬁarisons between the narrow target (4 mm)
'and all other targets were different at p<0.05. Likewise,
the pairwise comparison between the 6 mm target and the
10 mm target was different. The movement times of the
6 mm and 8 mm targets as well as the MT's of tﬁe 8 mm
and 10 mm targets were equivalent.
A Phase X Width interaction was also significant;
To isolate this interaction, simple main effects were per-
formed. Phase at the 4 mm target was significant (p<0.05)
indicating that subjects moved élower over the second
‘phase than the first. This was also the case with the
6 mm target. The second MT was substantially -slower than
¢ the first MI'. This implies that under the narrow target
conditions (4 and 6 mm), subjects had difficulty moving
from the first to the second target. Possibly they
-preproframmed only the first movement and not the second
because of the target size. Also, because the targets .
were always in the same place with equal amplitude,
subjects had only one movement to learn. E% narrow
tarpet widths, the movement required less variability
and therefore slower MT's whereas at wide target widths
the movement required less re-programming, '

In addition to phase being significantly different:

50
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under the two narrow targets, widths at phase 1 and at
'ﬁhase 2 (p<«0.05) were also different. To isolate these

differences, post hoc analysis was applied. This analysis

revealed_tﬁét aﬁ;bhaseJL,;ali pairé dfwfarggts#waehdifferéntz 21if?jf

except for the 6 and 8 mm targets and the 8 and 10 mm
targets. At phase 2, all pairs of targets were different
(refer to figure 4),. ,
| A Phase X Go/stop interaction was also significant.
However, simple main analysis revealed that the interaction
was *limited to the two phases under go conditions (p<0.01)
and stop conditions (p<.0.01). Basically, -the MT of the
second phase was substantiall& slowef than the MT of the
first phase under both go and stop conditions. This . 7~
correlates with previous observations from the data. More-
over, it is not surprising that the appearance of gd or

stop associated with the preliminary task did not have an

effect on performance of the primary task because the

subjects performed the movement regardless of the go or‘
étop conditions.

Additiqnally, a Phase X ISI X Condition interaction
was significant. Analyses to isolate the integaption re-
vealed that phase by all the ISI and grohp conditions
was dfffereﬁt except for the no preview group at ISI 100.
This supports previous statements in that there is a

difference between phase 1 and phase 2 and that this

difference is due to the fact that the second MT is slower

”
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than the first MT. This is depicted by the preview group
in figure 5.

The final interaction which was significant under
the main effects was Go/stop X IST X Condition. However,
simple main effects did not isolate the interaction. One
can only state that there is a significant three-way

interaction due to slight variations across the variables.

Preliminary task: Reaction time

The main énalysis revealed significant Interstimulus
Interval (ISI) effects F(2,188) = 22.94, p<0.01 and an
IST X Condition interaction F(2,188) = 12.47, p<0.01.
The ISI X Condition interaction was isolated through
simple main effects to the difference between the pre-
liminary task group and the combined group at ISI 200
(p<0.05). To pinpoint the exact differences within the
combined group, pairwise comparisons were performed.
Reaction times at ISI 200 were slower than those of ISI 100
and ISI 150, p<0.05, However, the R1U's of ISI 100 and 150
were not significantly different. The main effect of ISI
confirmed this finding in that the RT's at ISI 200 were
slower than those at ISI 100 and ISI 150.

The two stimull associated with ISI 100 and ISI 150
were possibly treated as one signal and consequently both
the preliminary task and combined task groups performed

identically. On the other hand, ISI 200 was long enough
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to interfere in some manner with the combined group.
Because the preliminary task group and the combined group

' performed equally across ISI 100 and ISI 150, this suggests
that both groups were berforming the preliminary task in
the same manner. Thus, the combined group was attending

to the preliminary task and, in effect, performing the

combined task appropriately.

Error rate:

The error rates of the subjects were analyzed. Under
the preliminary task, responding to a sfgghsignal. the
preliminary task group had a 3.4% error rate whereas the
combined group had an ~rror rate of 1.9%. Since both error
rates were very low, this indicates that both groups attended
to the "go" and "stop" signals and responded accordingly.
In addition, the anticipation rate, responding to a signal
before it was displayed, was negligable.  Errors due to
anticipation were 0.38% for the preliminary task group and
0.07% for the combined group.

Anticipating the second signal was also recorded,

Once again the enror rate, lifting the stylus before the
gecond stimulus, was negligable. Errors due %o antizipa~
tion were 0.73% for the no preview group, 0.14% for the
preview group and 0.83% for the combined group.

The very low error rates observed in the experiment

indicates that the subjects attended to the instructions
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given by the experimenter and attempted to follow them

throughout the experiment.

- _RQuestionnaire:

Subjects were given a question prior to testing on how
they felt - very nervous (0), nervous (5}, or not nervous (10)
and were asked to Egte themselves on a scale from U to 10.

The groups scored 7.3. This score would seem to indicate that
the subjects were a little anxious as to the task they would
be performing and thus were aroused by the experiment. 'lhe
inverted-U hypothesis where optimal performénce level is
associated with a slightly aroused state would support the
supposition that the subjects were in an apﬁropriate state

to perform the task. -

In addition, there appears to be a relationship between
the second question on "how hard you tried" and optimal
performance. The average score across the groups was 8.2
indicating that the subjects felt that chey had tried hard

to perform to the best of their capabilities.
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Tahle 1. Reaction times (RT) and movement times (MT) in msec
and the standard deviations (SD) for the experimental

groups.
CONDITION RT RT MT1 MT2
PRELIMINARY TASK P_RIMARY TASK
Preliminary task 430 - - -
SD 78 - - i
No preview - 143 616 668
SD - 60 75 100
Preview - 228 536 685
~ SD . - 65 101 124
Combined Ly 299 650 734
SD 46 93 93 128
Table 2. Movement times (MT) in msec of the Phase X Width
interaction. '
TARGET WIDTH lmm 6mm 8mm 10mm MARGINAL
) ' MEANS
Phase 1 676 612 575 539 600
Phase 2 808 707 660 607 696
MARGINAL 242 660 617 573 648
MEANS —

———



CHAPTER V

Discussion

The discussion will be considered undér three sections.
~The first section will examine the hypotheses of the
experiment in relation to the results, the second section
will discuss the implications of the results and the third,
section will compare the results to other studies.

The first hypothesis, that a manuél preliminary task
would disrupt preplanning of a simple RT task in that RT
would increase with an increase in the difficulty of the
movement, was not directly supported. Variations in the
target‘widths did not have an effect on the RT to the primary
task. However, those subjects engaged in the preliminary
task (combined group) did have a significan%ly slower RT
than those subjects who did not have to perform the task.
Thus, in general, preplanniné%was disrupted by the preliminary
task.

The second hypothesis proposed that an increase in the
difficulty of the movement would lead to an increase in T
.in phase 1 as compared with phase 2. Results of this experi-
ment showed that an increase in the ‘difficulty of the
movement {decreasing the targét width) led to an increase 1in

the overall MT. But, this increase in MT was greater in

phase 2 and not in phase 1. In addition, under narrow



target conditibns:(h and 6 mm) the différence in the MI''s
between phase 1—and.phase 2 was more apparent, Although this
finding can be attributed to the.fact that some 6f MT in phase
2 incorporated time on the first target as well as the movement
time to the second target, this cannot be the only explanation.
If time on target ﬁas‘solely responsible for thenincrease in
MT in phase 2, the two phases would have similar slopes across
the grouﬁ conditions (seg figure 3) to correspond with the
identical slopes of the .two phases across the target widths
(see figure &), Since this is nof fhg case, the slower MT
during bhase'2 as compared with phase 1 is due to time on
target as well as time needed to:program the second part of
the primary task. This is reinforced when considering the
narrow targets. More time was needed to process information
about the 4 and 6 mm target widths which resulted iﬁ the MT

in the second phase increasing more in comparison to the MI

in the first phase for narrow target widths.

The implications of the results will be discussed under’
three sections, the primary task‘RT, the primary task hT and

the preliminary task RT.

An interesting finding under the primary task RT was the
significant difference bétwéen the conditions in that the no
preview group recorded the fastest RT, the preview group the
next fastest RT and the combined group the slowest RT. It

was expected that the éroub who could preview the task and C(

possibly preprogram their response would react the quickest.
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However this was not the case for the primary task RYU. ‘The
noe preview group watched the complete display on the computer
and could anticipate the second signal whereas the preview
group did not see the complete display and could not
anticipate the second signal. Also, they were reéuired to
maintain a readiness state for a longer pefiod of time.
Consequently, the preﬂiew group recorded slower RT's,

The significant difference between the interstimulus

5
~

comparison to the other two intervals. At ISTI 100, the

intervals:showed that the RT at ISI 100.was slower in

signals were presented so closely together that the subjects
did not have time to respond t§ each stimuli. Possibly at
IST 150 and ISI 200 the intervals were long enough for tﬁe.
subjects to initiate a response to the first signal.‘”
Therefore, the response to the second sipnal was not

delayed as much as with the ISI 100.

Tﬁié finding was reinforced by the Condition x-ISI
interaction. The combined group, who had to respond to béth
signals, recorded significantly faster RT's at ISI 150 and
ISI 200. This suggests that an ISI as low as 150 msec is
sufficient for a subject to proéess information and be
reacting to one stimulus while initiating a second response
in a simple RT, one-choice task; Furthermore,’ the Go/sfop X
ISI x Condition interaction reinforces tﬁis.statement.

Analysis of the primary task MT revealed significant
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differences between the three conditions. As e#pected. the
preview group was the fastest, the no preview group the next
fastest/iéd the combined group the slowest.

A significant difference between the two phases was
noted. Overall, subjects moved faster to the first tﬁrget
than to the second target possibly because they only prepro-
grammed the first phase and not the second. Moreover, the
Phase x Condition interaction supports this observation.
Subje;ts in the preview group moved very quickly to the iirst
target and appear to have preplanned phase 1 but not phase 2.
On the other hand, subjects in the no preview group and the
combined group apﬁear to plan the task as a whole as MI''s
at phése 1 are eqdal to MT''s at phase 2 in addition to time
on target 1 (see figure 3). |

Similérly. the Phase x ISI x Condition interaction
revealed that the seond MT was slower than the first MI., As
well, the Phase x Gq/stoﬁ ipteraction indicated that subjects
moved slower over the éecond phase of the primary task re-
gardless of instructions (go or stop) of the preliminary task.
Therefore, the interactions Phase x Go/stop and Phase x ISI x
Condition reinforce previous findings of fhe data.

The Phase x Width interaction disclosed only significant
differences between the two phases at the two narrow targets
(U and 6 mm)., Basically, the subjects moved slower over éhg_
second phase of the primary task. The Force - variability

model proposed by Schmidt (1982) may explain this observation.
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Because the targets were always in the same place with eaual
amplitude, the subjects only had one movement to learn and
consequently one force to apply to the movement. At the wide
tarrets (8.and 10 mm), the movemeﬁt required little repro-
rrammine, However, at the narrow tarpgets (X and ¢ mm} in
~order to decrease the movement variability, the subjects had
to move slower to the narrow tarpets.

The resulfs of the preliminary task §T indicated thaﬂ
the preliminary task proup and‘t%e comtined proup performed
equally across ISI 100 and ILI 10, ''his suprests L£at.
indeed, the combined proup performed the tasks sequentially.
However, at ISi 200, the R of the combined group was sub-
stantially slower than the Rd of the.preliminary tagk fFroup.
Possibly, ISI 200 was lonf enouph to interfere in some
manner with the combined froup.

Generally, the RT results of the preliminary task which
showed that the preliminary task and combined rproups performed
equally across ISI 100 and ISI 150 were supported by studles
which predicted that the RT to the first stimuli would remaiﬁ
constant when the psychological refractory period (1Ll in
this case) wés less than 500 msec (Harrison, 19460: Vince;
‘19h8). Vince {1948) also sugpested that 1f the psycholopical
refractory period was too close together (less than 100 msec)
the stimuli may be grouped together. Since the interstimulus
intervals, 100 and 150, were very small, both stimuli may

have been prouped topether. This explains the similarity of
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the R"'s between the preliminary task and combined groups at
these ihtervals.

However, at ISI 200, the interval was lone enough for
subjects to differentiate between the two stimuli and
consequently interfere with subjects in the combined group
as they had to respond to both stimuli. The RT of this proup

was sipnificantly slower than that of the preliﬁinary proup.
This finding supports the response-conflict theory prdposed
by Herman and Kantowitz (1970). Basically, stimuli for
different responses -presented in rapid succession will cause
the response tendencies to interact affecting both reaction
times. As the combined group had to perform different re-
sponses to the two different stimuli, there was competition
between the responses resulting in a significantly slower R7
‘(at ISI 200) in the preliminary task. In addition, subjects
in the combined proup had the sloewest RV's in the primary task.

It was intersting to note that the RT of-thp>no preview
group was quicker than that of theApreview gFroup. Subjecys
in the preview group who were gble to preview the primg;}
task and possibly preprofsram the movement, were expecfed to
have the fastest RT (Klapp et al., 1974; Goggin Christina,
1979; Klapp Greim, 1979; B. Kerr, 1979; Sheridan, 1981).
This was not the case. The no preview'group was faster.
-However, this group had the advantage over the preview group
in that they were‘given a warning signal, "READY", prior to
the two stimuli indicating the interstimulus interval. Thus,

they were more primed for the task. The preview group, on
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the other hand, was not looking at the computer screen and
therefore when they heard the two signals were not primed.
Consequently, this difference witﬁ pgévious reaction time
studies can be explained by differehces in the experimental
design bétﬁeen the preview and no preview groups.

At first glance, the findings that target width had no
A

effect on RT to the primary task were unexpected. However,’

all subjects had to perform the same amplitude of movement

- on every trial regardless of previous instructions. As a

result, the response to the second sipnal was similar to a
simple reactién time. 'The marginal mean of the primary task
RT waé 224 msec. This confirms observations by Henry arfti
Rogers (1960) who found simple RT to be between 200 and 250
msec. In addition, several studies on simple R! tasks have
found that increases in the complexity of thé movement had
no effect on RT (Fitts & Peterson, 1964, B. Kerr, 1979:
Klapp & Greim, 1979). Accordingly, the observation that
target width had no effect on RT was confirmed'in this study.
Fitts and Peterson (1964) in their choice R1 experiment
found that tarpget width had the largest effect on MI'. ‘'hesge
findings were supported by data collected from this experiment.
As target width increased, the-subjecf had less information
to proéE}s about the movement and MT to the targets decreased
confirming Fitts' Law. This observation was iéentical across

the bi-phasic movement.

The preview group had the fastest overall MI's indicating
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thét they were able_ to preprograﬁ'part or all of the primary
task. Findings from this experimeht tend to favour the
suggestion that subjects in this group were only able to pre-
program the first part of the movement. Their MT'Q-qver the
fifst phase wefe.sﬁbsféﬁéiaily'éuickef.thaﬁ fhé_éfﬁef éf&ﬁﬁé;
yet their MT's over the second phase were equal to those
subjects in the no preview group._ Fischman (1984) proposed
that having to pause on a well-defined target was sufficient
to cause programming time to increase resulting in longer
MT's. Thé comparison between the MT's of the no preview and
preview groups in addition to the significant difference |
between the two phases lends support to Fischman's (1984)
proposal. When performing a bi-phasic movement, only the
rfirst part of the movement can be programmed in advance
\Whether the whole movement is previewed or not.
Notwithstanding, the difference between the MT's of the
ﬁo previéw and preview groups can be interpreted in another
way. In addition to the no preview group not looking at the
primary tapping task, their attention was diverted by the
computer screen. As a result, the first MI''s of the no
preview group wefe not only slower than the preview group
but similar to the combined group. Even though the no preview
group did not have to ﬁerform the preliminary task, they
attended to the stimuli of the preliminary task. Consequently,

paying attention to the stimuli rather than performing a

‘response produced the same results. This finding is in
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agreement with”gﬁydies by Klapp and Greim (1979) and Davis

(1959). ‘

Generally, the RT's and MI''s of the combined froup were
slower than those of the other groups. The combined group
had to perform the preliminary task and primary task sequent-
ially. The interference or competition between the central
mechanisms caused all responses to be delayed. 1In accordance
with B. Kerr {1983), programming was carried into the movement
time intervals. Performing the preliminary task, then,
interfered with programming the primary tapping task. However,
the extent of the consequencé that the preliminary task had on
the preprogramming was not great.. The significént main effects
(Phase x Go/stop) and (Phase x ISI x Condition) revealed that
the interactions were limited to the difference in MT'S
between the two phases. Go/stop and ISI did not havg‘an effect
on the MT's.

In conclusion, two observations that preplanning may be
disrupted dominate this study. Firstly, the no preview proup
and combined group performed similarly over the bi-phasic
movement sugeesting that the conditions of looking away frém
the primary task and performing the preliminary task both
delayed preplanning (see figure ?). Even if there was pre-
pla?é}ng. it was limited t§ ﬁhe first phase of the movement.
This was clearly illustrated by the preview group who moved
substantially quicker than the other groups over the first

phase yet had equivalent MT's over the second phase.
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Consequently, the performance of the first phase of a bi-
phasic movement will disrupt or prevent preplanning of the
second phase.

Secondly, even though the no preview group had the
fastest RT's in the primary task, the planning of the primary
task was carried into the MT of the first phase. "'he com-
bination of the RT and the MT of the first phase of the primary
task of the no preview groﬁp (759 msec) and the RT and MT of
the preview group (764 msec) are similar. This indicates
that althoﬁgh the previeﬁ group was not able to anticipate
the second signal, they were able to preplan the first movement
as indicated by their fast MT''s over phase 1. Thus, the no
preview and preview groups performed equally well over the
first part of the primary task:; but slowed for phase 2, On
the other hand, fhe combined group moved much slower over the
firat part of the primary task (949 msec), which would seem
to be as a resgsult of the preliminary task disrupting pre-
programming of the first part of the primary task.

In summary, the present study examined the effects of a
manual preliminary task on the preprogramming of a bi-phasic
aiming movement and in the process found that a ﬁreliminary
tagk did disrupt preplanning. Furthermore, comparison of the
preview and no preview groups indicated that performance of the
first phase of a bi-phasic movement will disrupt preplanning of
the .second phase. However, additional research to support
these findings is recommended. Specifically, the complexity

of the movement can be altered by using unequal target widths
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instead of equal target widths, Also, the target width can be
changed every trial as opposed to every sbxty trials. In add-
jtion, the READY signal indicated by the computer can be
éccompanied with a long tone so that the subjects in the pre-
view group (who were not looking at the computer screen) will
have a warning prior to the two shorit tones signalling the start
of the movement. Consequently, all groups, regardless of where
they are looking, will receive similar stimuli. Moreover, time
on the first target was not controlled in this experiment due
to limitations of the apparatus. An instrument to record time
on target will aid in obtaining a more accurate measurement of
the MT in phase 2. Lastly, other techniques of observing and
recording movement in conjunction with the bi-phasic tapping
tagk will allow the consideration of other aspects of thé task
besides the movement time. For example, examination of the.
displacement: velocity and/or acceleration of the arm may
reveal different movement patterns between the groups which

will help the understanding of motor programming.
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"F-ratio Tables
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Table 1. Abbreviated F-ratio table of the preliminary task
reaction time. |

LY

SOURCE MEAN ~ DEGREES OF F  PATIL
' SQUARE FREEDOM PROBABILTY'Y
Condition . 8053.92 1 0.83 . . TN.S.
Error 9666.68 -
1ST 23229.75 2 22 .94 0.01
IST X Condition  12625.55 2 12.47 0.01
Error 10Rs34 2 188

Tarle 2. Abbreviated F-ratio table of the primary task reaction time.

SOURCE MEAN *  DEGREES OF = F TAIL
SQUARE FREEDOM , FROBABILITY

Condition 178676288 ? 21.92 0.01
"Error . 80139.P8 33 .
IS1 73385.,40 2 §3.61 0.01
ISI X Condition . 16472.38 4 21.07% 0.01
Error ‘ 1368.82 66
Go/stop X ISI X Conditioﬁ 3681.17 , 4 \ﬂuﬁ)3.?3 0.01 ‘

Error 986.27 65 Ci;:;;\
. : " \
1

b
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Table 3. Abbreviated F-ratioc table of the primary task
movement time.

SOURCE __ MEAN DEGREES OF F TAIL
SQUARE ~ FREEDOM PROBABILITY
Condition 970635.10 2 5.95 0.01
Error ‘ 181312.38 33
Phase 3922300.31 = 1 117.73 0,01
Phase X Condition 347207.56 2 10.42 0.01
Error ~ 33315.01 33
Width - 2230189,46 3 8l . 46 0.01
Error ‘ ' 26405.17 99
Phase X Go/stop P 14946.32 1 6.34 0.02
Error . Q§§i\ 2263.95 33
Phase X ISI X Condition™- . 4102.,96 L 3.73 0.01
Error 1099.90 66 . £ ]
- Go/stop X ISI X Condition 2720.67 4 3.02 '53.02 ,
Error 901.93 66
Y

oy
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Questionnaires
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Question 1. Given to the.subjects prior to testing and

asked to rate themselves on the scale

regarding "how they felt".

ve¥y nervous not nervous

Question 2. Given to the subjects immediately following
testing 'and asked to rate themselves on the

scale regarding fhbw hard they trieg".

- A
0 1 2 "3 4 5 6 7 8 9 10
L L ‘i ! 1 ] by 1 ] 1 ]
N
-/--—' _—
tried not so hard tried hard
o 4
’ !
[





