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A Study of Positioning Time in a-Cimbined Manual and = '

Decision Task.

Twenty subJects, ten male and ten female, performed a

: comb1ned ﬁiijizoand Dec151on Task 1nVOIV1ng Move and

P051t10n1qg, ur distances of Move (7', 10", 13" and
16"), three levels of Lateral Clearance (0.008", 0.063"
and 0.250V , and four levels of- Informational Load ( 1,
2, 3,4 bits ) were used for these experiments. Data
were also analysed for Same 51ded Movements and Cross-
body Movements._ Indéx of Pifficulty and Informatlonal
Load were found -to be 51gn1f1cant (p<0 05). Sex was not
found to be a significant variable affectlng performance
time (p>0.05), whereas Direction of Move was, even in a-
narrow region of lqo on‘either side'of\tﬁe'goo.angle of
Move. Linear Regression Models for predicting performance

have been developed using Distance, Clearance aﬁd Index

S

-

- of Difficulty. The latter (I) was found to be correlating

adequately, simple to use and able to accomodate any motion

strategy changes due to varying distances in the task.
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L CHAPTER I
INTRODUCTION

From the measurement and predlctlon point of view,

work study researchers have classified 1ndustr1a1 tasks into

2 two main areas. ‘Those which are simply manual in nature,

repetitive and patterh-forming are termed "type I tasks"
(Raouf 197:), whereas tasks in which the worker is requlred
to exercise both his psycho -motor and decision maklng
abilities are called type II tasks or *combined decision
and manual ta;ks‘ (Sadosky 1969, Raouf and Mehra 1974,
Thomas et al i974) Much work has been dd@e and recorded
w1th regard to the meaSurement and predlctlon of type I
tasks: _Relativelyufew useful findings, however,. are
available in the.literature to the work-study practitioner
of the behavior of type II task. ‘
Psychologlsts (Posner 1962 Fitts and Radford 1966
Welford 1960) have attempted in the past two decades to
understand the psychological and physiologioel processes
involved in basic human decisions. I? most cases, however,
their experimental tasks do not simulate the industrial
conditions and their findings arc not gircctly‘app}idable.
In ordcr to develop a methodology for establishing per-
formance standards for type II taske, it is necessary that

our understanding of human performance of such tasks be

incredsed.

LR TNP AP = Lo
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Decision involved in type II tasks falls mainly intotwo

catégorles. | _ _
1. in resolving 'time uncertalntles' - the worker does not ;
know in advance when a stimulus will occur to whlch he
is to respond-
2. in reﬁglging 'choice uncertainties' - the worker is uncer-
| tain from cycle to cycle about which stimulus will occur
or which response is required from'among a- finite set of‘
possible stimuli or résponses.

When there i1s an explicit response for each stimulus,

“iX®. a 1:1 mapping of stimulus and response, the task is said

to be informétion conﬁerving. .Much”work in industry involves
this kind of task such as.in monitoring devices and inspgct%on
Fasks. ‘ | ‘

Type Ii tasks iﬁvestigated recently (Raouf 1973,

“Sethi 1975) involved only the simpler manual motions,,Reagh
and Move.. The more complicated element éositioning with
decision-making as an added dimension has not been studied.

Fitts and Posner (1967) ?r0posed an index of difficulty
(I)‘as a parameter in measuring the performance times in

'bositioning tasks. Other researchers have since tested its P
highly significant correlations with the performance times l
of ‘pure manual or type I tasks, (Crossman 1954 Welford 1956

Hancock 1960 ) Its 51gn1£1cance w1th type~II tasks has as yet

not been systematlcally studied.



™

) fﬂe present thesis presents an investigation of the’
effect of informational load on combined decision and
positidﬁing tasks where-informatidn is cpnserved and only
choice-uncertainties are involved with no preview of the
stimulus signals. Undér each informational load, the
difficulty of the task is éontrélled b} yaryihg the distance/,ﬂn
of move and clearance for positioning. The use of the
index of difficulty in.preﬁicting performance time of éuch

tasks is also examined.

-

W«



CHAPTER II

*

LITERATURE SURVEY

13

2.1 Introduction

. To serve as-a background to the present study, a
survey of relevant. work done in ‘the following areas are

presented In this chapter.

’ .
(1) Combined manual and decision tasks

(2) Information content of movement control
- r |

2.2 Combined Manual and- Decision Tasks 7

Sadosky (1969) developed a methodology for pre-
dicting the mean cycle times for combined manual and decision
taskslbased on a critical path analysis technique. The task
employed in his stud;‘%ncluded thé manual elements Reach,

Grasp, Move and Position occurring 'in parallel with a decision

of choosing to press one out of four buttons. “In such tasks

when dlfferent components were performed 51multaneously in a

task cycle, a crltlcal path could be traced as the 1ongest

. time duration path ‘in the cycle. Slack values also occurred

as the differences in time between the critidal path act1v1t1es

and the parallel nom-critical path activities. From the

- critical path and these slack measures, Sadosky found that the

extent of 51gnal preview in the dec151on component 1nteracted



-t e

with the manugl elements. The largest effect was with

minimal preview and the effect ‘lessened as the preview

. ' .i | s | .

¢

occurred earlier in the task cycle.

Thomas (1971) explored some proﬂgbilistic aspects of

.performance times for a combined manual and decision task. ’

He used a task 'similar to that of Sadosky (1969) but Wlth

different probablllty distribution which governed the -

occurrence of each alternative from a set of four alternatives.
. - * L] ‘

He
1.

rate (iPR) varied amongst different jndividuals, even if

found that:
the operator always sought an optimum strategy as he-
Jearned the motion sequence of the task;
When_the on;rator had fully learned, the performance
times of the manuel components of the task became
.normally dlstrlbuted
the decision component of the task mlght be conszdered
as an isolated entity, its time as 2 function of the

jnput uncertainty and the movement involved.

Raouf (1973) found that the jinformation processing

experimental conditions which were known to, affect performance

times were kept constanti The performance times of the

subjects were, however, relatively constant and were better

estimates for combined manual and decision tasks.

Raouf end Mehra (1974) found that both the choice

uncertainty and the magnitude of the manual element reach

were significant variables affecting performance times. In

an experiment in which three levels of reach ( 7 inches,

10

inches and 14 inches) mnd three levels ot informationnl

r
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load} consisting of equlprobable stimuli (1 b1t 2 bits and
3 b:ts) were 1nvest1gated 1ncrease in performance times due

to 1nformat10nal load was ‘found to be hlghest for the reach«

-~

of smallest magnltude and it decreasgd ds magnltude of reach

‘

increased. For the same magnitude of reach, performance
L -
t1mes irncreased as 1nformat10nal load increased. v
MRaouf and El-Sayed (1975) performed a similar experiment

in which three 1gformatlonal loads {H), three-dlstances of

move (D) and two angles of move directién} for €ach combination of

informational load and distance were inveswigated. The

angles included were 32 and 148 degrees at 71inches'reach,

55 and 125 degrees at 11 inches reach, and 66 and 114 degrees

at 15 inches reach. In all thesé casés, it was found that

the effect of angular differences on performance times was

not significant, (p>0.0S5)
) , '

2.3 Information Content in Control of Movement

In the experiments of Bailey and Presgrave (1958),

it was found that;ganual movement times was a joiAt function
. . '},
of the extent ard required accuracy of movement. Fitts

T

(1954) reported three experiments in an attempt\&o quantify
the relationship of performance time with these movement

parameters. The tasks employed were: _ | )

1. tapping alternately two plates separated by some digtance,

2. the transfer of washfrs from one pin to another,

3. the transfer of pins from one hole to another.

-

/
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He found that movement time was well predicted by

the relationship

- MT = a + b logy(28/W)

‘where A was the amplitude of the movenent fthe distance
from the centre of one target "to tne centre of the other),
W was the w1dth of the target in the tapplng task or the
tolerance in the other two tasks, and 2 and b were experl-
mental constants. From the results he concluded that human
motor system has a relatively constant information capacity
defined as the rate .at whlch one can produce consrstently
~ one class of movement from among several alternative movement
classes, (Fitts, 1954). The human information capacrty was
found to be in the range of 10 hits per second. Following
the reasoning of the information tneory as discussed by
Shannon and Weaver (15849), Fitts derived the information
content of a movement as measured by the Index of Diffioul;y .
(1) = logZ(ZA/W) “The significant implication of the Index -t
of Difficulty is the trade -0ff between distance of a movement’
and width of the target. Accordlng to Fitts, if the distance
of a movement is doubled, the”movement time remains constant
if the width of the target is also doubled.

Varlous researchers have since tested the Fitts equa-
tion against empirical data and have’ found satisfacfory com-
pliance. Hancock, Langolf and Clark (1973) calculated I -

~for all distanceétolerance combinations of Move ' and

b
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and obtained éven'higher linear correlation coefficient,

'found that I had a small effect on reaction time alone.

*TMU - Time Measurement Unit = 1 x 10°

-

-
\ ke

'Pbsition for MTM-% and compared these to the data card times. \

It was Tound that the correlation between I and time was
r=0.80. The Slope constant b in the associated regre;s;on

equation MT = a.+ b.log,(24/W) was 3.0 *TMU/bit or 108 ms/bit

which compared closely with values in the range of 100 ms/bit
.-found by Fitts and Radford (1966). Keele (1968) performed

.similar analysis on the data of Bailey and Presgrave (1958)

-~

r=0.97. . L

- — -

Fitts and Peterson (1964) extended the concept of-thg
Index of Diffiéulty to a simple two-choice combined decision
and manual task. The subjects were to hit one of the Two

targefs separated by a Horizontal distance with a stylus.

R

The appearance of the visual stimulus on the side of the

correct target was preceded by a warning signal. It was

However, for a range of I betwéen 2;6 to 7.6 bits per
response, there was a high cof%elation between movement
time and I (f=0.99).

Scholes (1970) conducted an éxperiment to investigate
the effect of direcfions of movement on movement times and
reaction times in discrete motor tasks. He found that:

1. direction® of movement had a significant effect on
movement time but not on Teaction time,
2, there was a higﬁ'position correlation between moGEment

time, Index of Difficulty I and direction of movement.

~
, 8

”~
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However, in his experiment there was no response

unccrtalnty 1nvolved in the subgect s decision. " The -~ ¢

‘subJects were told before eacA cycle whlch dlrectlon to L\\;

make the reSponse. "Reaction tlme was deflned 51mp1y as

the ‘time-lapse between the on-comlng of the visual stimulus

‘and the beginning of the designated manual responsc.

One interpretation of the Index of -Difficulty as pro-
posed b; Fitts (1954j and Fitts and Peterson (1964) is thg :
maximum relative unceftainty.fhat can be tolerated for a
correbtrmovement in a series.having a specified éverage
amplitﬁae. Therefore the minimum mental organiséiion

required of a.particular correct movement is reflected by

the choice of one from among X possible categories of am-

plitudes within which the movement is to terminate. The
measurement of this accomplished by a binary Index of Difficulty

made up of an accuracy to amplitu&e ratio,

- I “- = . 1032(2A/W)

The choice of the particular denominator is arbitrary
since the range of possible amplitudes must be inferred.
pa .

Twice the amplitude in the numerator would ensure a

positive value for ID as well as having the effect of adding

=y

one bit per response to its.magnitude.
An alternative interpretation of the Fitts equation
is by way of feedback control as proposed by Keele (1968)

gﬁd similarly by Crossman and Goodeve (1963). Three

-
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assumpt1ons are made in: thelr prOposal' ' ' #

'10

“*\‘_—
There is 2 minimum required time for proc3551ng feedback

-

whéreby the time for each successive corrective movement
after the initial movement is ﬁade‘COnstant (tj.

The initial mqyemeht time is less than that of the

. corrective movement by a constant (al since.the'time_

to decide how far to make the initial movement is ot

included in this movement time.

-

From assumptions (1) and (2), the total mqvement time-
for the initial movement and n-1 subsequent corrective

movements 1s

MT = (n#1)£‘+ (t-a) - RN ¢ §

-— . : - ’ "
The relative accuracy of a movement is constant. Thf%
is

X; / X = K R €3

( ) T N -1 . ‘.. S ‘
where Xi ; 3

is ‘the mean absolute distange from the centre

of target'after.ith corrective movement.
Under this assumption,

X, = A = . “veneea(3)

where A is the amplitude of ﬁovément and _
X, =-H/2 N ©  eeeees(4)

where W is the width of target and X, is the last

corrective movement terminating at about the edge df the

target,

i i et b bt A

i
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From equations (2), (3) and (4): & . =

. n . . ‘
xn = Kxn-l = K~xn_2 . o ew K A‘ ~ wlz ssevaer . (\S)
and therefore:
: -log, (2A/W) ' .
n - 2 . oo ' eeseas (6)

logZK

From equations (6) and (1):

MT = b.lpéz(ZA/W)_-‘a. | ceere. (D)

Equation (7) 1is compafible with Fit;§*equation because
in Fitts exﬁerimeﬁts (1954) the‘best-fit line also'intersects“
the movement time axis below the origin making (aj a negative
value, : ' o '

Since the choice of the numerator in Fitts' In&ex of

Difficulty ID is arbitrary and, since it reflects a rather

ek e e

ambiguous inferrence on the range of possible correct amplitude,

other versions of ID have been suggested, Welford's (1960)

PRI P

= - . g e ——— 4~

~ Index of Difficulty (ID) is one of the more widely accepted.
ID' = X log,(AtW/2
£, W

. S~ | o
Thls formulation makes movement time dependent upon a

-klnd of Weber fraction in that the subject is called upon to

dlstlngulsh between the distances to the far and near edges

of the target. Besides a better fit to the data points of

Fitts, use of Welford's version has the effect of moving the

-

11
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‘cannot be negative).
. e

best-fit line from intersecting the performance time axis

L . . . . s
at a negative quantity to pass through the origin which is

S UP IR NT PO Pl

more agreeable conceptually. (Performance Time at I = 0

Various methods have been proposed to predict per;
fofmance times of combined decision and manual tasks. These
include critical path analysis, informatibn pfocessiong rate
and, total task performance times. There is, however, no
general agreement as to the proper methodology to be used.
Combined decision and manual tasks invegtigated by recent
researchers consist only of the simpler Move or "Reach"
motions (Raouf 1973, Raouf and Khare 1975, Raouf and
Mehra 1974\ Sethi 1975). The more compllcated Positioning
tasks have been studied only in 1solat10n from the decision

element (MTM report 109, 110). The Index of Difficulty as - -

proposed_by Fitts and Peterson (1964) may be a useful concep

in predicting performance time of complex motions, such

as p051t10n1ng, where both accuracy and amplltude are
equally 1mportant factors. With this view of the ‘state of
the science in mind, the present study is designed to develo;
a predlctlon model for the combined decision and position-

ing task as well as to investigate the usefulness of the

concept of Index of Difficulty.' !

<
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. CHAPTER III
EQUIPMENT AND EXPERIMENTAL DESIGN

3.1 Introduction

This chapter describes in dgtail the equipment set-up _
and exp&rimental procedures employed in the study. The

experiment was conducted in the Industrial Engineering labora-

- <
tory at the University of Windsor. The task under study was®

combined decision and positioning in a discrete manner from

cycle to cycle. Performance times of subjects were measured

whlle doing such a task.

-

3.2 Performance Tine

This is defined as the time elapsed between the appea-
rance of the visual stimulus and the completion of the p051t10ning
response. It consists of the following elements
1, Occurrence of stlmulus

2. Detection of stimulus .

3. Decision’

4. Selection of response

5. Act of positioning

6. Completion of response : . -

.The abovs.are illustrated in Fig. 3.1.

13
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Occurrence
of
Stimulus

Figure 3.1

Completion
of
Response

i J

Detection
of
Stimulus

\

Decision

A\

Act
of
Response

i

Selection
of
Response

Block Diagram Showing Various Conceptual Elements

in a Combined Decision and Manual Task.
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Figure 3.2

Diagram Showing the Block Layout of the Equipment

. .
Tape Reader

and
-Random Tape

S-R

Unit

\

Operator

\

Time Measuring
and
Recording Unit
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Equipment Set-up* (See Figure 3.2)

3.3
The experiment consisied of the-following units:
1. Signal-Reponse Unit |
2. Tape Reader Unit
3. Time Measuring and Recording Unit
3.31 Signal-Response Un;t (See Appendix A)

A special signal-response unit in -the shape of a metal
box with a chéngeé%le wooden top plate was designed and built
for the experiment. The signal was p?ovided by a random
number displayed on a screen and the response was the posi-
tioning of a metal pin into-one of the holes on the response
top plate specified by the number displayed. The components

of this unit are the following:

A. The Signal Indicator

The signal indicator was located about 4 inches

above the pin‘ﬁgzingﬁ‘iy'transmitteﬁ and displayed the random

*

numeric signgls from the tape reader onto a rectangular screen
of 1 inch by 6/8 inch. The nﬁmber on the screen appeared as

the subject lifted the metal‘pin from the pin-pocket. It

stayed on'until the subject had~comp1eE5d positioning the pin
into the thus specified hole on the response top plate. If

the piﬁ was positioned into a wrong Tresponse hole, the number

on thé screen remained until a fbllowing pin(s) was lifted \\~;

from the pin-pocket and positioned into the correct hole.

16



Since the'coﬁnter in the Time Measuring Unit continued for as
long as the signal waSton, this feature allowed any error in
positioning to be detected later in the analysis by v1rture of

\_—' -n‘.‘

the extraordlnary large performance time value of the partl-

cular error cycle.

B. The Pin System ‘ /

The pin system consisted of six cylindrical metal -
pins 1/4 inch-in'diameter and 1-1/4 inches long,‘egaeh pin
weigﬂed about 8 grams. The pin stood Verti;aiiy‘in the p%n—‘ .
pocket with about half of its 1ength abeve tbe‘surface of the
equiﬁment. As it was removed and positioned into one of the"
holes on the response eop plate, it dropped ento a conveyor-
belt system which carried it again to the pin-pocket.regibn.t
In the meantime, a subsequent>pin_§as pushed up the pocket into

position by a carrier-gear system. The time between the

removal of one pin and the arrival of the second pin at its

ready. position was about 2700 milliseconds. This duration

was designed to be sufficiegtly longer than any of the per-

formance cycle time (the.positioning‘geiformance time plus
the return of the hand to the pin-pocke't region) in the
experiment. Such a feature ensured the discrete nature of

the task while avoiding excessive idle time between cycles.

C. The Response Top Plate

. The re5ponse top plate, 17 inches wide and 12 inches

long, was fitted onto the equipment before each experlmental

-

.
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" run.- This changeable feature facilitated investigatiom of

the effect of clearance on positioning performance times by

. L]

'simply having different size holes on separate response plates.

-Three such plates were made having hole sizes of 0.258",

P

R §'313" and 0.500" in diameter respectively. On each response

‘ plate, there were 16 holes of equal size which were equally .

spaced in the form of a square matrlx 3 1nches apart from each
_other. Numbers 1 to 15 and number 0 were labelled above the
holes as shown in figure A.1 in Appendlx A. The arrangement
of these numbers was the same on each response plate’through-
eut the experiment. Number 0 was 1nc1uded in this experiment

because it was within the range of the BCD signals used by

the tape reader and thus greatly facilitated the making of

. Tandom number tapes.

—_

-

3.32- -Tape Reader Unit

L

The Tape Reader Unit consisted of two parts, the - -

S

Random Number Tape and the Tape Reader. = '15’7

A, Random Number Tape

This was a standard computer paper. tape punched on any

of the teletype punching machines using the 1BM BCD system code..

The RANDql package of IBM 360 computer was uised to generate

- wniformly distributed random numbers corresponding to the. hole

!

1 See computer program iistings in Appendix g

! . - 18
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*
numbers used in different exper1menta1 runs. Tapes were -

prepared for 2, 4, 8, 16 holes tasks with equal probablllty

1

of occurrence of each numher in a set. Appendix B contains

a listing of the hole numbers chosen for the different hole-

CL

alternatives tasks.

B. - Tape Reader . -

For the present study, a SLO-SYN Tape Reader was
employed yhich read the hole pattern on the random tape S
and transﬁi;téd corresponding électrical signals to the
S-R unit. The signals were then decoded and‘displayed--
on the screen. The removal of tﬁe metal pin in the S-R

untt triggered each number to be read by the tape reader

~
Ve

and displayed.

The Tape Reader Unit as a whole controlled

(i) the number of hole alternatives N as a factor in
the experimental condition, . :

(ii) the sequence of dccurrence of the hole numbers.

3.33 Timé\Measuring and Recording Unit .-

This\ consisted of a2 Hewlett Packard 5326 A Timer

Counter and g/DIGITEC Paper Tape Punch Unit. The timer was

triggered® as a number appearéd on the screen aﬁd shut off when

a metal pin was positioned into the specific hole on the response
top plate designated by the number dlsplayed. The time so
elapsed in milliseconds and the corresppnding hole number were
punched on a paper tape. This tapé ggs'later converted into

S
-
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, g
. computer data cards:for the. analysis.

: Pigﬁreﬂs.z shows the block layout of the equipment.

3.4 Experimental Design

N

o ——

‘In the present study, pe?formance time (PT) as defined
earlier was-the‘feéponsg vafiable.' The independent variables
included:’

1. Effect due to male and female differences (x)
2. é‘ Response parameters 1n;1ud1ng the distance, the dlrectlon

of move and clearance for pin positioning. These are

" defined as follows: .
)

Distance of Move (D) - distance in inches measured along
' the surface of the S-R equipment
. from the, centre of the pin-pocket
to the centre of the response hole
on the top plate. -

!

Direction of Move(A) - the angle measured anticleockwise

PO

.

from the horizontal line intersec-

ting the centre of the pin-pocket

- Clearance (C) "= the differences in inches between

e s

the diameter of the metal pin and
the diameter of response holés:
on the top plate.

Informational Load in bits as defined by Shannon and

g b — ————— - &
1]

Weaver (1969) for equiprobable stimulus and response in

multichoice reaction task.

.20
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- H (bits) = iogzN

'where N is the number of hole-alternatives in an experimental

~. o
> \‘ ; - -

run. h

73.41 Procedure

PPPTPN P PR Loy

The study was conducted in one of the Industrial
Engineering laboratories having normal air conditioning s

) : A
and adequate lighting. A pilot experiment was performed

pPrior to the main study in order to guide in the design of -::
experimental procedures. and make -final adjustments on the T

_ _ . N
equipment features. Relevant findings in the pilot Experi-

ment will be summarised in a later section of this chapte¥.

Before the commencement of the actual test,.each subject

underwent a learning session in which he performed the combined
decision and positioning task for the condltlon of 16 hole-
alternatlves and clearance (C1=0.008".) The learning session

lasted for one hour and about~1;00 task cycles. were completed.

The combined decision and p051t10n1ng task was )

-

comprlsed of the' following steps
1, Removed the pin from the pin-pocket with a combination ;

of the right hand thumb, index and. mlddle finger. ‘ i
2. o Detected the number shown on the 5creen.
3. "Moved pin to the hole corresponding to the number

. shown on the screen. . .f'_h - |

?‘_‘ Inserted pin into the hole until the fingers touch

the wooden top plate. - lw : : i
5. Released pin;. : .

i

- - N e e e
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i
After completing the above, the subject moved the %-
hand ‘back to the pin-pocket region and ‘prepared to start
the next cycle. A run for each experimental condition 1
) []
varied between 2 to 16 minutes depending on the number of E
hole alternatives employed in the conditfon. ' Appendix B
1ists the run time and number of cycles for each condition.
To minimise fatigue, sufficient rest periods were proved

-

between runs.

3.42 Instructions to the Subjects

?o standardise the method of positioning and ﬁo ' \
accomodate differences due to individual physical £ res,
the following. instructions were given to the subjects
before the start of the study.

1. ' The subject was to sit up-straight in front.of the

'signal-response equipment with the centre line of

hié body. aligned approximately with the centre line

of the equipment. The subject was reminded from

time to time to maintain this posture:' , . i
2. He was to sit at a height such that his lower right

arm was in a horizontal position while touching the

Pin in the pip-poéket with his right hand fingers.

3. The distance from the equipment was to be such that

he would extend his maximum feach without movink.hié

shbulder while touching 3ole number one at t?e far.

left upper corner of the top plate.

s
r T
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3.5

" The subject was to hold the'pin with his»%humb? indgx

v

and middle finger and insé:t it into the specified
hole. He {(she) would release the piﬁ only when his’
(her) fingers touched the wooden surface.

Pilot Experiment

Three male subjects were employed in this preliminary

study, which consisted of two parts:

. 1.

"It was found that:

‘A learning experlment using the task of 16 hole-

alternatives with the closest clearance (C1 = 0.008™).
A.randomised factorial experiment with two levels of
distance (D1 = 7" and D = 16"), three levels of

clearance (C; = . 0. 008“ C, = 0.063" and Cy = 0.250") -,

_and one level of informational load, that of four bits

(16 - hole-alternatives).

All three subjects achieved a fully learned state after-
a practice of 1200 task cycles. See Appendix C. -
Performance times 6f the subjects varied significantly
from each other. .
Clearance was a significant.factor while distance was
not.

Compact experimental ﬁodels, such as the Litin Square
design, were found to be inapplicable because ;pbject

X distance interaction was FTound to be significant

( p>0.05)

23
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The ANOVA tablé"of the pilot expefgment performance
times is presented in Appendix D. -

With reference to the results and observatlons made
durlng the pllot experiment, the main study was planned

and conducted. Detalls of the main study are discussed in

N
~

Y

-

the following chapters.
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4.1

4.2

CHAPEER IV

: THE STUDY
Objéctives
The following were the objéctives of this study: .

to examine the effect of informational load (H) on the
combined decision and positioning task. |
to examine how the positioning paramésgrs of distince

and clearance affect performance time, -

P ot
to investigate differences in performance between male

and feméie subjects, and

to examine the usefulness of the Index of Difffculty (Fitts

»

and Peterson 1964)-as a prediction parameter in the

performance of such tasks. o _
Experimental Conditions . \\ C

N\

The factors inctuded in the experiment were:

Four levels of Infdrﬁitiqnal Load (H):

Number -of hole-alternatives corresponding to H .

2 S 1 bit
4 1 . 2 bits
-8 . /f/ % _ -‘. 3 bits
16 o | - 4 bits

. .
) -
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2. Three levels of .Clearance (C)

c, = 0.008"°

1
€2 = 0.063"
- { "
c's' 00250
3. Four levels of Distancel (D)
Dl = . 7" '
-DZ = 10"
Dy = 13v ' S A
néy = 16"
4.  Four pairs o% Angular Differences in movement (A)

- corresponding to the four distances (see Appendix B)

| | ! ]
7 at D, ‘—X;\‘__é?s° | - 102° -
at D, 82° 98° )
at Dy . 84° _ 96° S
0 T o
at D, 85 95

A's referred to right-sided movements while A,'s
referred to left-sided or cross-body movemernts.

The right-sided movements and tHe left-sided movements
. N
were analysed separfitely and the results compared. Within

each category, two sets of conditions were investigated. The

main conditions were the factorial combihations of three higher

levels of informational load and all levels of clearance and

distances represented diagramatically as follows:

%
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tions of one level of H (1 bit) with three levels of C and 2

i : —
. = "
H, = 2 bits 1 c, = o0.008" Dy 7
2 | . D, = 1q
HS' = 3 bits €, = 0.063" 2
S = "
Hy = 4bits| C; = 0.250" Dy 13
- D4 - 16"

The‘Main-Conditions

gl

The supplemental conditions were the factorial combina-)

“

levels of D (D1 =7 and.34=16") Tepresented diagramatically-as

follows:
€, = 0.008" , -
H, = 1 bit C, = 0.0635" by = 7
e e — C; = _'0.'250" ' | D, = 16"

Fitt's Index. of Difficulty (I). To avoid confusion with the

The Supplementary Conditjons

'.‘Cbmbinations of C and D were rearranged according to

Crem L

-
1

Fitts called the unit of Index of
although there is No established r
the 'bits' used in binary information-uncertainty as
-in Shannon and Weaver (1949). The author wishes to
avoid confusion between the two but-at the same time

Tetain the.binary implications suggested by Fitts
- (1954); Fitts and Peterson (1964)

Difficulty bits
elationship with

. -

_unit of informational load, the magnitude of I shall be called

o . - _ .
. ibits in this report. The transformation was made as follows:
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I = log, (2D/C)

% ¢,0 zszéff- L Ranked Level of I
i . C3Dq | 5.807 - -1,
C3D; 6.323 2 -
CsDs 6.701 . 3.
" C3Dy 7.001 4
Cle‘ ) 7?.803 ‘ ; 5
C,D, 8.323 6-
2% -
. . €Dy 8.701 | 7.
CZD4 g. 001 } ) . 8
CDq | 10.808 - 9.
C,D, ‘ 1.521 10
3 C,Ds . 11.699 | 11
' C;Bi///, 12.001 12

Table 4.1 Conversion of C and D parameters .to Index of

Difficulty ()

{
In all conditions, one response variable, the perfor-

mance times in milliseconds, was recorded and analysed.

4:21 Validity of Informational Load corresponding to Number

of Hole Alternatives.

Shannon and Weaver (1949) derived the information

‘uncertainty' in a stimulus set and termed it entropy H where

* - e —— - e e my = Tene

Fm o2y Py Ey Py logy(pid) bits 1 (q)
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P; is the probab:llty that stlmulus i occurs from.a flnlte
set of alternatives (1=1,i..,n), and PiI is the condltlonal
probabilit} of stimulus j occurring immeizately after 1i.
- Employing this entropy measure, various éesearchers have
found a positive linear relationship with performanée times
in choice reaction tasks. | '

When there is no Se&uential dependency of the stimuli,

i.e. pij=pi for all i, equafiong(l) becomes

"He- I. p. 1 ) it 2)
H= EJ P; ogz(pj) bits (2)

In the present study, the set of numbers programmed
to appear on the screen/izzﬁzie stimulus set and the hdles
corresponding to these numbers were the response set.
There was a 1:1 corre5pondence of stimulus to response..
Furthermore, the sequence of numbers in the splmulus set was
ergndomised and also each number occurred with equal prbbability
i.e. pj=I/n,'where n is the number of hole}glternat&Qii_i? |
the task. 1In thi§ case'équétion (2) reduces to:

H=- % 1/n log,(1/n) bits

3=1 ‘ g
= - n 1/n (-log,n) bits ~
- =~ log,n bits _ o (3)

Equation (3) is. the measure of informational 'input'
or 'load' used in the analysis of the present study. By
varying the number (n) of the hole alternatives in the stimulus

set, different levels of informational load wer®2 obtained.

it A o § e b

e Eme .o



4.22 Choice of Levels of H, C and D.

It was planned that the experimental conditions should
cover the maximum range of parameter magnitudes normally
encountered in real work situations which do not exert excessive

mental and physical strain on the operator.

Bayha and Hancock (19?1).reported that moré than 16
alternatives in a stimulus set would cause mental overload and
greatly reduce the efficienc?'of fhe worker ih a repetitive
kind of work. Commoniy found also is the situation of 1:1
correspohdence_betweehﬁstimulus énd response such as in
assembly work, sorting and monitoring devices. In view of
the a?ove, the number of hole alternatives planned in the °

study was therefore 16 or below and employing 1:1 stimulus-

response cobrrespondence.

MTM* system has classified closeness of £fit in positio-

" ‘ning tasks as follows:

Lateral Clearance

.Class 23 0.010"to 0.048"inclusive
Class 22 - 0.050"to 0.298"inclusive
Class 21 ~ 0.300"to 0.700"inclusive

* -

'Engineered Work Measurement' by Karger and Bayha.

-
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For ease of comparjson and interpretation of results,

¢

the levels of clearance ihvestigated in the present study

-—

were designed to fall within these categories also.

Move distances in the range of 7" to 16" were ‘e
. . -

. : ] .o~ N\
used because they are commonly found in work design and that

they are within the maximum reach of the average worker.

4.3 Methodology

-

Accordlng to equation (3) in section 4.21; 2, 4, 8, 16

hole- alternatlves sets corresponded to 1, 2 3, 4 bits of in-

formational load respectively provided that the alternatives
in each set occufred with equal probability”and were frge from
sequential dependence. Tapes were accordingly prepared/
produce thege stinulus sets. Hole numbers 2, 3 and holr
numbers 14, 15 made up the 2 two-alternétives-sets. b

Hole numbers 2, 3, 6, 7 and numbefs 16, 1k, 14, 15 made up.the

2 four- alternatlves sets. -Hole numbers 1 to 8 and numbers

e

9 to 15 and 0 made up.the 2 eight-alternatives sets, and
finalli, all 16 hole numbers were used in the sixteen- alter-

natives set. this scheme of stlmulus -set planning is shown

e e b e — e ———

diagramatically in Appendix B. The distances of right-
sided movements corresponded to hole numbers 3, 7, 11, 15 and
that of left-sided movements corresponded to hole numbers 2,
6, 10, 14. The same holes were considered in each level of
informational load and each level of clearance. Therefore,

performance times data corresponding to these holes alone were

" ——
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collected and analysed. For ihs;gncé in a éightfalternatives

task at distances D3=13" and D4=16",'data for four holes,

numbers 2, 3, 6, 7, were collected in one Tun. Hole numbers

*
g

2 and 6 corresponded to D, and D respectively of the left-
sided movement. Hole numbers 6 and 7 corresponded to D4 and
Ds'respectively of the right-sided movement. Each subject

performed a2 ( 3x3x4 ) factorial experiment for the main con-

" ditions and a ( 1x3x2 ) factorial gxperiment for the éupple-

mentary-conditions. Since data were C llected simultaneously
for both right-sided and left-sided movements as illustrated

in the above example, the actual total number of exper1menta1

_runs were twenty-one for each subJect. The order of these

twenty-one runs was randomised for each subject and by nature
of the random occurrence of the numbers in.the tapes, the
canditions in each run were randomised within the run. The
order of randomisations of the twenty-one Tuns for each sub-
ject is shown in Tables 4.2 to 4.5. (For instance, subject
U.C. in Table 4.2 performed condifion H'= 1 bit and I = 12

in the first run and cond1t1ons H 2 blts, I =4 and

H=2 b1ts, I = 3 simultaneously in the second run, and so omn. )

This feature resulted in considerable savings in experimental

time as well as minimising béth the subject's boredom and
fatigue.

The right-sided moveménts re analysed separately
from the left-sided moveﬁents as if in two distinct.classes.
In each tlass, a factorial model wa5 used to analyse the
effects of%thef.exPeriment and a performance time prediction

médel was developed.

N .
- . . o
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4.4. The Subjects

Ten male-and ten female right-handed. students at the

University of Windsor were selected as subjects for this

3

y _ ’ i ni enty-six.
© experiment.  Their age range from nineteen to twenty-

Threé of the male subjects performed'in both the
piiot eXperiment and the-mgiﬁ study. For the pilot éxperiment
the studghts were paid $10 each. For the main study, each \
subject was paid %15.. ALl subjects were in good physical
condition and were infe;ested in the sﬁudy. .Each subject

-

had about one hour of learning practices befare the attual
recording'of»dataf The main study took about se§en-h6urs
to complete which was divided into three sessions in
succeséiva days. -The tiﬁe of each ;xperiméntal qbndition
varied aecording to the ﬁumber of—hoié-alternativgs_in the

task. Sufficient rest periods were given to -the ‘'subjects
between conditions, (see Appendix B). f ‘

| Béfore‘the actual recording of da;g, the subject was
given twenty practice cycles to adapt;himseif/hersglf to

each new experimental. condition.

<

4.5. Data Colléction

in_each of the twenty-one experimental runs, perfor-
mance times corresponding to each of the felevant reSponéé.
holes as ‘described-earlier ‘(Appendix B, section 4.3 and 4.4
of text) were collected on data cards. 'Thirty cyclé times

were recorded for each response hole. A computer program

B
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_(See Appendix F) was prepared to sort the time data into

the-different hole categories, screen out any errors and
outlying points under the criteria of four standard

deviations-from the sample mean (r + 46 )

-

_Twenfy data points were used for this analysis.

~

"ErTrors made by the subjects in positioning into a
wrong hole were few and far in bet#yen during the wholé
study, no con51derat10n of its effect” was- therefore

deemed necessary. .
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DATA ANALYSIS

[\

5.1 Introduction

The analysis of e#perimental dafa was divided into
two parts. Part 1 investigates .the effects of informational
load, ciearance and sex differencés on performance times at
fhe four levels gf déstance separately (i.e. D=7", iO", 13"
and ‘16"). The purpose was to establish the basic“relationf

sh;ps among these factors while isolating the effect of the

small angular ,differences associated with the distance levels.

Iﬁ part 2, such angular effect was assumed negligible across
all distance levels. Studies by Scholes (1970) and El $ayed
(1975) have indicéted that small angular diffeieﬂées (70 max
in this study) in tﬁ?‘narrow region on the same side of the
90° angle of movement had négligible effect on movement times.
The purpose of this part was to examine the combined effect
gf distance and clearance on performance times and the
usefulneés of the index of difficulty (I) as a prediction
parameter fo: such tasks.

In both Parts 1 & 2, the effdcts! of the. same sided

movements as explained in the previous chapter were first

analysed separately and then compared. Analysis of variance

(ANOVA)_Newman.Kuel's;;éét of significaﬁt means and variances

of components analysis were employed. Part 1 also investigated

the effects of different sided movements (angle of movement)

20




-

o
-t the "four Tevels of dlstance whereas Part 2 compared ‘the
comblned effect of clearance and dlstance with the inte-
grated factor I. It should be noted here that only general

directions of movements were considered in this study (same
. ‘ - -
“sided versus cross-body movements) and not the specific

angular differences in degrees.
—_ - e e _ - e s
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Graphs were plotted to §llustrate the relationships of per-’
formance times with the various significant effects.
Finally;jgredictiou models were developed for each class of
movement given the limitations of the experlmental conditions
of the present‘study. Hlifograms for every condltlon of each
subject ere plotted using a2 standard computer program
(See.Appendix G), a sampie of which is presented in Appendix H.

The means, standard deviations, maxlmum and minimum values of

" the perfcrmance tlmes were also glven by the same program.

* The Statistical Analyszs System (SAS) computer package

developed by Barr and Goodn1ght (1873) was used both in

the ANOVA and prediction model ana1y51s.

5.2 Analysis Models

. Within each class of movement, a randomised factorial

nested mixed model was used for the analysis of performance

e

times. . :

"Part 1

/ xijkl!} - BT ui + Bi(i) + Yk + 51 + aYlk S

+ BYSjklci) + En(ijkl). ------ e eesas e (1)

40
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"= Sex Differénce (x) i =; 1,2
X, = male .

X, = female
Bjk(i) = Subject nested within sex (s) j = 1....10

\Yk - = Informational Load (H)

k = 1,2,5,4 for Distance Dl = 7" and

D4 = 16"
H1 = 1 bit )
H2 = 2 bits
- H3 = 3 bits -
H4 = 4 bits
k = 1, 2, 3 for Distance DZ' = 10" and
Dy = -13"
Hl = 2 bits . : —
Hy = 35 pits
HS— = 4 bits
61 =.Cle§raice (c) 1 = 1, 2, 3‘
: = "
.Cl 0.008
c, = 0.063"
CS = .O.ZSQ
Sn(ijkl) = residual including cell repetitions
X .

23ijk1n is the performance time -of the nth oh§ervation
for the }th level of clearance, kth level of |

informational lqad, Jth subject and ith szkx_,

ayé in the above model were considered as fixed

factors whereas g .was random
' 41
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in the analysis of the effect of th

a randomlsed factorial nested mixed model was a

“for each level of distance:

L4

42

e angle of movement,

gain used

Xiskmmn = ¥ Y% T E@ T kT §p v 8p * oYy Toeree
L+ Bij(iD + L.. aYGiki +... %t Bﬁejlm(l) N
€n(ijkim) - e, (2)
’ wheré
aﬁ = Angle of movement A, m = 1,2
for D, : Ay = 78°, A, = 102°
for Dy @ Aj ;'ggf, Ay = 98°
for D3 : Al = g4*, A, = 96°
for Dy : Ay =85, Az = 95°
Yk = Informational Load (H) .
for Dy and Dy , k = 1,2,3,4
and Hy = 1 bit
H, = 2 bits
Hy = 3 bits
Hy = 4 bits
“for D, and Dy , k = 1,2,3
"and Hy = 2 bits
Hy, = 3 bits e
Hg = 4 bits }
@, B, © aﬁd € are the same as in the prev%bus models.
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Part 2
- »

Xijaimn = M ¥ % Y By Y Y Y01 Y o Am oWy tee
BY:vrsy - - (\\;
. Jk(l) + .- e w + GTSikl +* R ‘ +

Sn(ijkim) _ ceeees (3

.*

where
@; = Sex Difference (x), 1i=1i,2

xl = male N
- X, = female

éj(i) = Spbjggt(sJ nested with sex, j = 1,...,10

Y = Informational Load (H), k = 1,2, 3

' -Hl = 2 bits

H2 = 3 bits

H3 = 4 bits

§, = clearance (0, 1 = .1, 2,3
' T, = o0.008"
cy = 0.063"
B B -
A_ = distance (D), m = 1,2,3,4

. '~ Dy = 7 inches
D2 = 10 inches
. | Dz = 13 inches
Dg = 16 inches
€n(ijklm) = ;e51dual including cell repetitions and the
third and fourth order interactlion terms
xijklmn is the performance time of the nth observation for
mth level of distance, 1th level of clearance,

kth jnformational load, jth subject and iR sex.
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c,'v, 6§, A in the above model were considered as fixed factors

whereas B8 was considered as random factor.

g; the case where index ¥ difficulty replaces C and D
as an integrated factor in the experimental conditions, the

following model was used. °

Xiskim = ¥ *.%5 Y850y Y Ykt M j’“Yik Teoet BY5k(a) s...

Y Em(ijky) e cea(8)

_wheré
Ny = index of difficulty (I), 1 = 1,...,12
I1 = 5.808 ibits ; I, = 6.323 ibits ; I3 = 6.701 ibits
14 = 7.001 ipits ; IS-— 7.808 ibit;_if/16f=’8.323 ibits
I7 = B8.701 ibits ;
I

=

g = 9.001 ibits ; I, =10.808 ibits
10=11.321-ibits ; Ill=11'699 ibits ; I12=12.001 ibits

a,B,r,e are the same as in the previous model.
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5.3 Validity of Analysis Model

Since éata were obtained simultaneously for both the
right;sided and left-sided moveménts and for each level of

distance included in an experimental run, there were con-

~.sequently some restrictions on the randomisation of all the

experimental cpnditions. A goodness of fit test was applied
to the analysis models (Draper and Smith) to see if they

significantly deviate from the actual conditions of the

éxperimpntal set-up. The pure error component - the repetition

effect within each experimental cell, was isolated from the
theoretical residual (i.e. excluding all interaction term)

of the models. The lack of fit component-- the remainder

-of residuzl after pure error, was tested against the pure

error component for significance. Table 5.1 to 5.4 show the
validity of models used in the separate.classes.of movement .
Tables 5.5 to 5.8 show the model validity when angle of f
movement effect was considered. |

As it is seen in the tables that the models used in
every case were significant an@ that the lack of fit error

L

was -insignificant ( p> O.QS); It is therefore concluded

. that models 1, 2, 3 and 4 were acceptable for the analysis.
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" Findings at
Source d.f SS M§_ F-value 5% Level
‘ Total 4799 - | 191717654
Regr. 258 92411185 358183 | 16.36 Significant
D, | Resid. ~4541 | 99306469 | 21869
" | "L of F 4522 | 908891787 | 21869 1.00
P.E. 19 | alsesz’| 21825
} .
Total 3599 1273%7431 |
*| Regr. 198 55637196 | 280996 | 13.33 Significant
D, | Resid. | 3401 71690235 | 21079 '
L of F | 3382 71423562 | 21119 1.52 Not Significant
P.E. 19 2-6673 | 14035
— 1 : - —
Total 3599 | 153542315
RegrT. 198 | 82955862 | 418969 | 20.18 Significant
D, | Resid. 5401 70586453 | 20754
. of E | 3382 | 70273870 | 20778 S 1.2 Not Significant
P.E. 19 512583 | 16451
Th .
Total 4799 | 213418621
Regr. 258 110773134 | 429353 _18.99 : Significant
D, | Resid. 4541 | 102645487 | 22604
L of F 4522 1ozzs¥§zs 22607 1.03 Not Significant
P.E. 19 413562 | 21766 '
‘Table 5.1 Validity of Model 1 at each-ievel o;—bistance:_ﬁJ‘—.

Right-sided Movement.

i’




Findings at

Source d.f. SS MS F-Value S% Level 4
Total 4799 236832117
Regr. 258 &30794834 506957 | 21.71 Significant
D, Resid. 4541£ 106037233 | 23351
L of F 4522 | 105776683 | 23392 1.70 Not Significant
P.E. 19 260550 | 13713
Total 3599 | 135007517
Regr .- 198 59377408 | 299885 | 13.48 Significant
D, | Resid. | 3401 75630108 | 22238 )
L of F N\ 3382 74735479 | 22098 0.47 Not Significant
P.E. T 894670 | 47088
Total 3599 | 157015000 .
Regr. 198 87084864 | 439822 | 21.39 ‘Significant
D_ Resid. 3401 69930136 .| 20562
L of F 3382 69465643 | 20540 0.84 Not Significant
P.E.. 19 464493 | 24447
Total 4799 | 257546231 s
Regr. 258 | 142720890 {53181 | 21.87 | Significant
D, | Resid. | 4541 114825541 | 25286 ;
"L ofF 4522 | 114290769 | 25274 0.89 Not Significant
P.E. 19

543572

28135

'l

Table 5.2 Validity of Model 1 at each level of Distance;

Left-sided Movement. -

-
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Source df ss”’ ms "F-ratio | Findings at
5% level
Total . 14398 | 603976797
- _ ]

Regression 482 291528527 604830.9 26.94 | S¥gnificant

Residual 13917 | 312448270 | 22450.8

Lack of Fit {13898 311786929 22433.9 0.644 Not
Significant

Pure Error 19 661341 34807.4 e

i meae .

2, Right-sided Movement (Part 2)

Table 5.3 Valididty of Model
Source df Ss ms F-ratfo Findings at
: 5% level
—
Total 14399 601905609 )
Regression 482 | 294894556 | 611814.3 | 27.55 | Significant
Residual 13917 307011073 22203.9
Lack of Fit| 13898 306704390 22068.2 1.32 | Not ‘ .
) -l Significant
Pure Error 19 316683 16667.5
. . P0.05=1.88

Table 5.4 Validity

of Model 2, Left-sided Movement (Part 2)




Source df SS ms F-ratio] | Findings at
5% level

Total 9599 | 445138420 / .
Regression 321 | 234740242 | 731278 32.25 Significant |
Residual 9278 | 210398178 | 22677.1 A
Lack of Fit | 9259 | 210128627 | 22694.5| 1.59 | Not -

‘ : i Significant
Pure Error 19 269551 14186.9 | Fy gs=1.88

Table 5.5 Validity of Model 4, Angle of|Movement effect for D,
3
N,
Source df S8 ms F-ratio | Findings at
5% level
Total 7199 | 267849601
‘g ‘- .
Regression | 259 | 114118206 | 477482° .| 21.62 | Significant’
Residual 6960 | 153751395 |. 22087.8 '
Lack of Fit| 6941 | 153094098 | 22050° 0.657 | Not
. : : - Significant
Pure Error 19 637297 53542 Fg.o5=1.88

Table 5.6 Validity of Model 4, Angle of iMovement effect for D2

PR}



L
Source df SS ‘ms F-ratio | Findings at
: 5% level
Total 7199 | 299557865 -
Regression 239 155679100 |651376.9 31.51 Significant
Residual 6960 | 143878768 | 20672.2 |
Lack of Fit | 6941 | 143526011 | 20678.0 | ~1.11 |Not
Significant
Pure Error 19 352757 | 18366.2 Fp.p5=1.88

Table 5.7 Validity of Model 2, Angle of Movement effect fo

N

r D

b

Source df SS ms F-ratio | Findings at
5% level

Total 9599 | 416481015
Regression | 321 | 227640576 | 709160.6 | 34.84 | Significant
Residual 9278 | 188840439 | .20353.6 o
Lack of Fit| 9259 | 188464655 20354.7 1.03 | Not

. : : Significant
Pgre Error 18 - 375784 19778.1 Fg,ps=1.88

Table 5.8 Validity of Model 2, Angle of Movement effect for D4

-~

-
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CHAPTER * VI

rd

EXPERIMENTAL RESULTS AND DISCUSSION\\\

Analysis of Variance:

The effects of the experimént were tested by the

ANOVA procedﬁre,of the SAS package according to the analysis -

models in Chapter V. 5% significant level (ﬁ<0.05) was

used in all cases.

Part ']l models:

It was found that.for both the right-sided and left-

sided movements and for all levels of the distance -
(D) : |

The main effect of ipfof;;§ional load (H) -and

clearance (Cj were significant (p<0.05);

Hale and female differeﬁce‘was not significant (p>0.05);
All first order interactions of sex (X) informational
1oad_(H¥ and clearance (C) were not significant (p>0.05);
The right-sided and left-sided movements were signi-
ficantly different (p<0.05) at all levels of D.

Part 2 modelé:

For both right-sided and:left-sided novements:
The main effects of informational load (H), clearance

(C) and distance (D) were significant:(p<0.05)

Male and‘f;maie difference was not significant in the
exp;riméntal task (p>0.05);

The index of digf%culty (I) when used in place of C

and D showed a_significant effect (p<0.05);

.-
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-_tables of results are presented 1n Appendix D. = .

- effects obtained from the ANOVA. Again, 0.05 level of

-~

d.’ .The HxD interactiohs were sighificant which might
he\explained by the deviation of performahce times
between D, and Dy as described in Appendix F (Motion
Strategy) - a
It is clearly seen from the above ana1y51s that the

modeLs used 1n the two Parts give similar results. The

assumptlon that the angular effect associated with the levels

. of dlstance belng negllglble is valldated

Preparatlon of tables of EMS values as well as ANOVA

a~

@

.76.2  Test of meand of Significant'Effects:

‘The Newman Kuel's Test was applied to the significant

significance was used in all cases.

-From the Part 1 ﬁodels, it was found-that for both

eﬁe’riﬁht-sided and left-sided movements, the mean performance
' . .

times for each level of H (2, 3, 4 bits) “were significantly

" different at each level of distance; the same was found for

those of the three 1evels of clearance C. “From the Part.z

models,‘lndex of dlfflculty and distance level means hcwever,

behaved a 11ttle dlfferently in the rlght -sided versus the

left- 51ded movement

Results of the Newman Kuel's Test on the two effects'

- can be summarlsed as follows: - . - - ”

33 S

- . e e e —— k) e



———— g -l

. - ﬁaRight-eided Movement?
A) Distance (D)
~ 'Lévels of D in ascending order of means:
| 1 32 4 | e T
- B) - Index of Difficulty (I)

1 s 3,2 9 7 4 6 10 11 8 12

"

.
- , ..

2. Left-sided Movement: o '\J
AY Levels of-D in ascending order of means: .
. 1 -3 24 =5

B)"  Index of Difficulty (I)

Levels of I in ascending-ordér 6f means:
. K

M 1.035.2 45 7 6 9 8 11 10 12

LY

B

-

r

-

. The 1n51gn1f1cant dlfference between levels 2 and 3
of dlstance is probably due to the motion strategy difference
across these levels (See Apgendlx F). There appears to be
51gn1f1cant changes in the ascendlng order of the 1ndex of

dlfflculty level means Wthh may be traced directly to the

effect of the d;stance component in the logarithmic trans-

formation of .the index. | -
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6.3 Variance Components by Major Effects:

Detailed calculations of the component variances

are presented in A endix D. Only Part Z models were used |

in this case. Resulys are summarised here in the following

. table: ' | A

~

—— ‘ —

Component | Right-sided Left-sided {
Movement Movement :
Subject Effect {S) 23.93% 29.44%
. Informational 47.20% 53.82% .
T ANALYSIS I Load (H)
o Clearance ({C) 16.10% 12.69%
Distance (D) 12.75% 14.06%
- . _Subject Effect (S§) |  25.54% 50.77%
o | Informational _..50.36% © 56.27%
-ANALYSIS II Load "(H)
' - index of - 24.10% 1 12.96% | ™
Difficulty (I
1 1Cf y (1) <
Table 6.1 “Summary of Variance Compoﬁents ) : ' T
o~

Informational Load (H) is the single most sigpificant
effect in the presenxiexpé}imental model. It.agcgunts for
aﬁo&f one-haif‘of the total variance in the model_with the
remainder divided between the effect of subject differences

— .
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'  in the left-sided mévgment;,

and the movement parametefs (C and D or I). Infdrmatipnal

Load is notably more siénif}cant for the left-sided movement
than the_right. In comparisen, H‘in_the left-sided moveméh:
account for 6% more of the total variance than in th;.right

movement.

Index of Difficulty is comparable with the combination
~

of clearance and distance in accounting for the variance in

the model. There is however some indication of better accountab-

ility if the right-sided movement - a 16§ difference from the

. combined C and D variance portion as compared to a 22% difference

e m— e ——

- - o mm. Sl — g e . . - - —

P

1w

6.4-H“é§féé§:§f Informational Load on Performance Times -

™ mm—— — = - . —— b — [

MTM values for the manual componenys of thé experimental
conditions was first intended to be used to highlight the
effect of the Informational Load.on performance time. |
‘However, it was found td be indequate‘“lin this instance
because of the approximation‘in the MTM definition of Posit-
ioning tasks. Instead, extrapolation values from the regression
models in Appendix D are listed here in Table 6.2 and 6.3 along
with experimental values for comparision. ', "

There 1s a2 marked increase in performance time between

a purely manual task and ohe ki;h_tyolalternatives, and ®
again'between the 3-bit ané 4-bit tasks. The former is a
good indication'of the effect of decision imposed on the .

‘manual task while the latter approaches the situation

of mental overload as indicate@Aby Bayha and Hancock (1971).

55
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Expt.Cond. !} Extr.Value Expt.'Values
‘C D° | Hy=0 bit | Hy=1 bit | H,=2 bits H =3 bits | H,=4 bits-
: 1 790 894 938 1023 1145
1
1.4 936 1002 1084 1063 1295
1 720 827 894 10 1082
2
4 808 937 1021 1091 1260
] 1 680 713 836 905 | 1000
b
4 740 857 961 1035 1206
Ave. 3 incre;%r 11.9 9.6 6.0 4.0
Table G.Zy Effect of Informational Load on Performance Times;
Right-sided Movement.
Expt.Cond. Ext;.'Value Expt. Values
o D Hy=0 bit H =1 bit | Hy=2 bits Ho=3 bits | H =4 bits
. 1. - 854 962 1029 1094 1247
4 895 1020 1111 1165 / - 1286
) 1 720 852 967 1042 1226
- 4 808 940 1041 1101 1258
C1 680 813 910 982 1154
-2 P S SN S _
4 740 892 977 10587 1174
Ave.% increase 13.9 10.14 6.7 14.0
Table 6.3 Effect of

Informational Load on Performance Times;

Left-sided Movement.
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6.5 Linear Regression:

Linear regression was used to develep pfedittion
models for the éerforﬁance'time in the combined decision
and positioning task. Here again, only Part 2 models were
used to give meaningful results. Two approaches were used:
consideriﬁg C and D as separate factors and considering I
in plake of C and D. N
Detailed tables of li"lear regression coef.ficients‘are
given in Appendix E and only selective models are listed in

this section:

a. Right-sided Mogement:

Performance Time (ms) = 623.31 + 106.60H - 411.20C +
‘ 14.33D ...model 1
wﬂére H is the.informational ioad in Bits

C is the lateral clearance in inches

D is the distance of move in inches
R-square = 0.9104 )
Significance level of Fit = 0.0001
Standard Erréf of Regression' = 35.13 ms
Maximum $ deviation of residual = 7.2%.
. performance Time (ms) = 523.72 + 102.60H + 25.081
‘ - ...model 2

where I is the index of difficulty in ibits




R-square = 0.8003°
- Significance'leVel of Fit = 0.0001 .
Standard Error of Regression = 51.65 ms

Maximum % deviation of residual = 8.5%

B. Left-sided Movement

Performance Time (ms) = 769.58 + 105.89H - 419.63C +

5.57D ... model 3
R-square = 0.8970 :
Significance level of Fit = 0.0001
Standard Error of Regression = 35.42 ms
Maximum % deviation of residual = 7.2%

Performance Time (ms) = 592.34 + 105.90H + 22.361

—— | A ... model 4
R-square = 0.85839
Significance level of Fit = 0.0001

Standard Error of Regression = 35.41 ms

Maximum % deviation of residual = 6.3%

The mean values of experimental conditions, predicted
values, Residuals, lower and upper 95% confidence limits for
the means generated by the above four modeis are listed in
Appendix H (compﬁter pfiﬁt-dut)._ |

For the left-sided movéﬁept, the conditions of fit is
comparable between using C and.D separately oT using a single

factor I. For the right-sided movemént; the correlation
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coefficienE (R) difference is tested for Significance using
~ . . .

the Fisﬁer's A transformation_(p#O)*.

;  From model 1 :

From modeilz :

Ry = /0.9104 = 0.9541

R, = /0.8970 = 0.9470

Zy = 1.1513 logyol(1+R1)/(1-Ry)] = 1.875

Z, = 1.1513 logyol(1+R;)/(1-Rp)1 =.1.802
o’_._-= 1" 4+ 1

_ (Z1-22). . //;1-3 N2'3 where Nl’.NZ are the

e e e L

®

Using a two

Hypothesis Ho : Uzl=u22

sample size of the

‘corresponding model,

Under hypothesis Hj:

0.235 here N;y=N;=36
and Hy @ ¥z,%¥Z,
- &
Z1-2,-0
S (21-22)
1.875-1.802-0 .
- 0.235
0.310 »

tail test of z in the normal distribution,

-

p is the theoretical population correlation coefficient
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- and at 5% level of significance, Ry and Ry of the two models

are not significantly different.

Comparison étween the predicted values of the tﬁo
sets of models are shown in tabies 6.2 and 673, Thérg is
only a 3.5% averége difference for the right-sided movement
and an even less, l1.69yaverage difference for the left-sided
movement. o

N For both the left-sided and right-sided movements,

it is seen that coefficient of H is about four times higher

‘than that of I. This indicates clearly that changes in

informational load have much greater effects on total per-

formance times than the parameters governing the manual

component of the task. - .

_‘ e

6.6 ~Graphical Analysis

Graphs of Performance fime (PT) versus Informatioﬁal
Loadp(H) and Index of Difficulty (I) are shown in Fig. D.1
to Fig. D.10. fefformance variations due to direction of
movement (A) are shown in Fig.‘D.ll to Pig.,D:ZZ.

It is seen that Performance Time varies linearly
with Informatfaﬁal Load at all levels of (I). However, the
linearity 6f I with PT decreases as H increases such as
.indicated by the associafed correlation factors. This
implies that at higher levels of H; there is an increasing
amount of parallel activity, in the task (decisiojﬂgiement
occurring in parallel with the manual elements). Such a
phenomenon is shown in the plots of PT versus I rather than

PT versus H because the latter has a much greater effect on
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Perfofmance Times of such tasks.

. Right-sided movements are in most cases accomplished
faster than the cross-body movements (left-sided movements).
Cross ﬁody movements involve the.arm and.forearm in motion
-about the shoulder j0int whereas right-sided movements ca@
be accomplished ﬁai iy by the fd}earm_alone‘moving about
the elbow. A larger .mass and variety of muscles are involved
in cross body movements-cqmpafed to those in right-sided

movements and therefore require 1dnhger performance timey .

. The exceptions seen in the case H=4 bits and D = 16" can be

explained'by the fact that most subjects tended to shift
their bodies toward the left as the experiment proceeded.
This aetually made the mevement to the 1eft-sided hole (#2)
a straight forward move (a 50° move) while the right-sided

hole (& 3) remained at some angle to the right. Such a

shift was so natural with most subjects that it was 1muosszb1e

to prevent. This phenomena is not pecullar to the etperl-
mental task but can be observed whenever a peern is doing

work with one hand. The most natural position for doing

. -such work appears to be some distance from the centre line

-—
- - . -— . - e -

of the body toward the working hand. .For instance, writing

- with the right hand is most conveniently done at some

distance towards the right. -

- S e Ls .
- - - T s -

6.7 Use 6f the Index of Difficulty

It is shown in section 6.5 that the Index of Difficulty
is comparable with\thc separate factors of C and D in the

linecar rcgression of experimental data. Using I.D., R-sqenrc

-~ ‘ . 6 1
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" for the left-sided movement is 0.8983 and that for the right-

sided ﬁﬁfement-is 0.8003. Again in Table 6.3 and 6.4, mean

exper1mental performance times are compared to the predlcted

values obtained by using model 3 (C and D) and model 4 (I.D. )

It is seen that the average % dszerence between the two .
moﬁels are 1.6% for the left-sided movement and 3.5% for the
right-sided movement. The maximum deviation between the models

is only 7.5%. Nevertheless, one significant !dvantage'in_the

use of I over C and D is in the case when different motion

strategies are inherent in the task. As in the present study,
the subjects employed one motion strategy when he moved in

the range of seven é% ten'inches, and another in the range of

thirteen to sixteen inches (detailed discussion in Appendix F).

With C and D; two significantly diffFrent linear models were

required. However, one model using I was sufficient in relating

to the data across both ranges. This feature can be explained
L

by the logarithmixs transformation of C and D to form the Index.

~

I-= log2 /C) ibits
Taking the logarithm - of the ratio of D and C reduces

the absolute magnitude of any changes in either D or C.

“As explained in Appendix F, it is the distance (m) from the

s . - 1 s s aps
decision region”~ to the response hole that is significantly

affecting the manual performance time. The changes of m corr-

esponding to those of D are conceivably less in tasks 1nvolv1ng

motion strategy changes. Thereby tram§forming D logarlthmlcally,

the changes of m are approximated.

62

region within which the first initial move ends and the

second direstional move to the response hole begins.
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It is often the case in industrial tasks such as

-

encountered in assembly lines where the work is comprised of a

number of sub-tasks each involving a different narrow range

-

of distance of movement.- Motion strategy changes are therefore

inherent in such tasks. A-ﬂipdidtion model using I automat-

ically accomodates these differences and is thus more simple:

to use than the conventional parameters of C and D.
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regression models
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and 4.

Experimental Mzan Predicied “{Absoluié % Difference
Conditions |Performance Value (ms) Differencé] in term-of
: Model- 3 | Modelg in Observed -
‘ Predicted Values )
'H C D Valueg '
1| 938 926 | 1000 49 5.6
1 2 1009 < | 969 | 1013 19 2.0
3 1009 -{1012 1022 15 ‘1.6
4 1084 1055 1030 .50 5.2°
1| - 894 903 925 20 2.2
X 5 |2 976 - 946 937 9 0.9
3. 926 989 947 42 4.5
4 1021 1032 955 77 7.8
1 836 826 "87S 49 5.6
- 2 932 869 888. 19 2.0-
Pt 3 898 912 897 15 1.6 -
NE 961 955 905 50 5.2
A 1| 1023 1028 1103 75 7.3
1 2 1022 1071 1145 74 7.2 -
3 1670 1114 . 1124 10 0.9
4 1063 1157 1133 24 2.0
| 3, 9635 1006 1027 21, N 2.1
5 5 2 1095 1046 1040 9 0.8
3 1011 1092 1050 42 4.1
. |4 1091 1134 1057 77 7.0
1| 903 929 977 48 5.3
3 2 997 972 990 18 1.8
3 964 1015 1000 . 158 1.5
4 | 1035 1058 1007 51 4.9
1 1145 1130° 1205 79 6.5
1 2 1167 1174 1218 44 3.7 .
3 1225 1217 1227 10 0.8
4 1295 1260 1235 25 1.9 °
- 1| 1082 1108 1129 21 1.9
. 2 2 1150 1151 | 1142 9 0.7
B 31 1188 1194 1152 42 3.5
4 1260 1237 1159 78 6.1
1 1000 1031 1079 . 48 4.8
3 2 1094 1074 1052 18 i.6
3 1130 1117 1102 . 15 . 1.3
4 { 1206 1160 -+ 1109 21 4.2 )
Average % difference ... 3.5%
Table 6.4 Right-sided movement, comparison between linear
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Experimental |

» Mean

Predicted*’

"Absolute |$ Difference

Conditions ~{Performance| :[Value (M:$.) Difterence|. in term of
| Time of [Model 3-|Model 4} * 'in |.. Observed |
Conditions ‘ . - .| Predicted | Values -
H C D ‘M.S. ‘ Values - - :
I o+ 1029 1C49% 1017, 25 . - 2% 8
1 2 1077 " 10587 "1034 - 23 2.1 ]
3 1048 1066 | 1051 . “15- 1.4
4 1111 1072 1067 5 . 0.4 3
ol v 967 979 | 994 15 1.5 %
2 2 2 1041 990 1010 20 - 1.9
3 . 975 999 | 1027 28 V2.8 '
‘4 1041 1005 1044 39 3.7 . |
1l 910 934 .| 915 15 1.6 i
3 2. 999 945 932 13 .1.3 - !
3 929 954 949 - 5 0.5 .. .°
4 977 961 966 5 0.5 ‘
1 1094 1152 1123 29 2.5
1’ 2 1187 1163 1139 24 - 2.1
8 3 1135 1172 1156 16 1.4
4 1175 1178 1173 ) 0.4 ;
1 1042 1085 1100 - 15 1.4 1
3 2 2 1139’ . 1096 1116 - 20 1.9 ¢
3 106 : L 1105 1133 28 2.6
1 1111 1150 39 3.5
, .1 982 - 1040 +| 1021 19 1.9 f
3 2 “107S 1051 1038 13 1.2
3 1 1025 1060 1055 ) 0.4
4 |..1057 1067 | 1072 5 . 0.4
TR d . . .
1| 1247 to12s57 1229 28 2.2
1 2 1225 1269 1245 23 1.8
. 3 1292 1277 1262 ) 1.1.
4 1286 1284 1279 5 0.3
1 11226 1190 1205 15 1.2
4 2 2 1190, 1202 1222 20 1.6
* 3 1283 1210 . 1239 29 - 2.2
4 1258 © 1217 1256 39 3.1
X 1154 * 1145 1127 - 18 1.5
3 2 1109 r 1157 1144 13 1.1
3 1. 1204 1165 |. 1160 S 0.4
‘4 -1174 1172 -¢v 1177 5 0.4

. Average % difference

-
h
S

‘Table 6.5 . Left-sided movement, comparison between

linear regr
h

P

PTE

ession models 3 and 4.
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I caaAPTER’ Vil . T o
CONCLUSIONS AND- SUGGESTIOVS FOR FURTHER STUDY
- ) " . -

. In this-study, a. combihed'decision and posifioning

task was 1nvest1gatea under laboratory conditions. The*

'1nformat10nal load was varzed between one to four bits,

-_%ateral clearaace for_p051tloalag between 0.008 inch to

0.25 inch, and distance of move between seven inches to

sixteer inches. The task-'was discretd in nature and

rrepetitiye, The decision element in the task involved-

¥

- . L F e A . .
only resolv1ng‘uac%rtalnty in choosing among alternative

responses which occurred with equal probability. Fron

the analysis of the experimental data collected, the -

following conclusions can be made with respect to such a

. - N - . . R -_ . . . . - ' ; . - . ‘f .
task within the limitations of the experimental conditions.

»

1. ° There is no significant difference in performance

times

. Eetweeﬁ-malexand.female operators in the_task {p>0.08).

2 information load is a highly significant factor in the

L3

total performance tlme of such a task Performance

. time 1ncre45es ‘{inearly and sharply accross the range of

two to four blts of Informatlonal Load .

3. Both clearance and distance of move are significant

.

4

.factors affectlng perfofmance t;me. Performance time

deCreases as clearance increases and.increases as

=, " . ... distance increases. S L~
. "f'~¢'.; -.’ * ) i
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5.

6.

e

a):

b)

';_.

" Positioning times into holes on Ehe-left side of the'

. equlpment 15 51gn1f1cant1y dlfferent from those on the
rlght 51de although the actual angular dlfference
> .
between the movements is 24 degrees at the maxlmum.

The. index .of dlfflculty I as deflned by Fitts and

. Paterson- (1964): : ¢
Ve Co
) . I = logz(ZD/C)
where D = dlstance of movement

C

lateral clearance of ‘positioning
is found to .be ausignificant‘factorlin'affeqting pet-
formance time. ; | ‘

'Thé use of the index of difficulty (I) in a predicfioh
model for’'the performance time of such a task is com-
parable with oae'usiﬁg separate clearance and distance
factors. Use of 'I' is recommended here for the .

. following reasonS'- .

it is- 51mp1er in practlcal appllcatlons such as in’
’establyshlng:standard performance times wheaponly one”
parameter needs to bg specified. |

the';;éel automatlcally accommodates any changes in
motion strateg;?when different dlstance—ranges are’
iaherent\in perfqrming'the task. (See Appendix F).
Aa'pafj of e'cenclﬁsion,rtwb predic&ion models are
presented\Pere for further verlflcatlon and investi-
gatlon Their pract1ca1 significance 1is certalnly
_subjected to the limitations of the experlmental

-

conditions “in. the study ,

. L. 67 -
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For the right-sided movement:

Performance Time (ms) = 523.72 + 102.60H + 25.08I

For the left-sided movement:

Performance time (ms) 592.34 + 105.90H + 22.361

_ where H = informatibngl load in.bits
P I+

index of difficulty in ibits
b - .

' Suggestions for Further Studies:

L3 -

1. Verificé&ioﬁ of the prediction model proposed is
N neede& by further studies before it can be applied to *
determiﬁe st#ndard performance times of similar ‘f ;
industrial tasks. | C | g
2. . The use of I'és_a parameter in other combined decision f

and manual tasks needs to be explored.

3. . The task in the present study is one of infqrmation
~conserving where there is a 1:1 maﬂsﬁng of stimulus
and response. Information reduction and information

creation tasks need to be further investigated.

4. The probability of occurrence of the alternatives in
the present task follows a uniform distribution. The -
case where different distributions overn the . '

occurrence of the alternatives has not yet been studiedf

-

- ‘ . . R

N —
]

f
3
!
i
H
{

.* unit defined in Chapter Four
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Appendix A

Equipment = Layout Y

Schematic Representation of the Stimulus-

‘Response Unit.

Pictorial View of the equipment‘Layout.

“

¥
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Figure A.1

Top View - S-R Unit

Pin Pocket .

Figure A.2

#

Side View - S-R Unit
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Appendix B

Experimental Conditions and Procedure

1.

-

-

Schematic Layout of Stimulus-Sets in

Multiple-Alternatives Tasks.

ar

-

“h,

2. Durations of Experimental Runs and Rest Periods.
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. Figure B.2 échpmatic Layout, of Stimulus-sets in the

H=1 bit

1 12 31
s b ]7_
9 10 11

a5 1) s

4 1 2 3 4
.8 s 6 #7 8
12 - s 10 11 12
0 13 114 15! 0"
. e Ly e
Dy

Figure B.l Schematic Layout of Stimulus-sets in the

Two-hole-alternatives Tasks.
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H = 2 bits
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Four-hole-alternatives Tasks.
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H = 3 bits
CITTT2 T 4 1 2 3 4
1 ! .
s 6 1 8 s 6 7 8
| S — - — o ——— —_——— ———— = ———
9 1 1 12 9 10 31 12!
- - . i ) 1
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Figure B.3 Schematic Layout of Stimulus-sets in the

!
Eight-hole-alternatives Tasks.

H = 4 bits
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Figure B.4 Schematic Layout of stimulus-sets in the

Sixteen-hole-alternatives Tasks.
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Figure B.5  Schematic Layout of the Angular Differences of

Movement at each Distance tested.
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" Durations of Experimental Runs and Rest Periods

). -
The approximate duration of each experimental run was-

planned keeping in mind the following conditions:

‘1.  Each stimulus alternative in the experimental run

occurred with 'equal probability.

2. When fully learned, the cycle time for the task

converged to a narrow range around 0.045 minute

[ 3

irrespective of experimental conditions:(see Appendix C).

i;n Depending on the number of hole-alternatives in the

task, a time limit was designed to collect about thirty

’

performance times for each relevant response holes.

> Minimum rest period after éach Tun was also planneg

. wr
accordingly and is shown below:
"‘“Ndéber of Experimental Rest Period X
Response holes " Run-time After run
(n) (min.) (min.) \
2 3 1 &J/ J
/ . = !
4 , 6 | 3 |
8 12 7 i
- . ’
16 24 15
Table B.1l Experiméntal Run-times and Rest Periods.

‘ \
)
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" As part of the Pilot Study, three subjects performed-

the sixteen-hole-alternativesvtask with Cy level of
clearance. The tape was prepared such that the hole pattern

occurred in sets of sixteen numbers within which each hole

) 3
number occurred only once and the order of-the numbers were - %
randomised within each set. This feature allowed a practice-;

trial to be defined in this lga:ning expefiment in terms of
the sets siﬁteen task-cycles. A subject performed about
85 trials cnsisting of over 1300 task-c&cles. The aggre-
gate means and the standard devidﬁioné of the performance
timés within each set werg p;qtted against trial sequence
and are shown in.Pigure C.1.1 to Figure C.1-S and

Figure C.2.1 té'Figure C.2.3 fespectively.

_ From_thefscatter plots, it is seen that the subjeiis
had learned the‘task fully in less than 1200 practice cycles.

LY

The.ébovg‘findings'were supported by the observations made

during the experiment at aboﬁt thpwloooph cycle, ’ "

1 the subject's hand motion which was irfegular initially"
now became well defined from cycle to cycle.”Hand-
searching for the response hole was eliminq&ed;

2. a pattern was established in which.€£e subject

' moved hig hand baék:tg the,piﬂ-pécket.area at a -
definite speed, and then waited to grasp the pin - }
as it surfaced.® The ty;le of motion takes about
0.045 minute to complete which was a factor
dependent solely on the movement cycle of the pin-
conveyor system. v

1

- . e e
-



To ensure that the. data of the main study were obtalned
while the subjects had attained. fully learned state,
best flt‘llnes were-fltted to the selected twenty data
p01nts of each experlmental condltlon from the maln
study;. It was found that less than 5% of all the

'regre551on 11nes had slopes 51gn1f1cantly dlfferent from

.

zero-at the 5%.level.

Histograms of the’ experimental conditions as in

Appendix G also show that the_distfibutions are in most

cases normal by the X;—square iest, Co -
- ) ' t N
-
N
w
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Tables of EMS Values
h . - -

-~

To determine the proper denominator M the F-test and

to calculate variance components, EMS values of main effects

as well as interaction terms were established (Hicks, 1973):

Calculations of. these EMS values are shown in the following

tables.

P S e em. mrmmrmr 8 e e e g

-

' Part 1 models::

Table D.1.1 EMS Values; Nested Mixed Model, Main Effects- .

at Distance Dl_and Di' v
. Effect - ' Symbol Level Type
Inforﬁational — :
Load. Hi 4 “Fixed
‘Clearance Ci ’ 3 - Fixed
Subje;g . sl(m) . 10 ' Random
. Sex 'Xm 2 _i Fixed
" Resid . ' .
Resi ual. Rn(ljklm). 20 . Random
(contd..... )
. 81
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. : ANOVA Tables

Table p.Z.O ‘ . ANOVA of Performance Times for the PllOt
Study. -
. Table D.2.1-D.2.8 ANOVA of Perfo;mance Times for the Part

1 Models at individual distances and
directions of movemént.
Tables D.2.9-D.2.12 ANOVA of Performance Times for the ?art
| 1 Models at individual distances showing
the effect due to right-sided versus
left-sided movements.
////f’\\\_/—iibles D.2.13-D.2.14 ANOVA' of Performance Times for the Part
- - | 2 Models wherein clearance and distance
are considered as separate factors.
Tables D.2.15-D.2.16 ANOVA of Performance Times fdr the Part
2 Models wherein Index of Difficulty I

replaces-C and D.
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Test of Means N

Newman Kuel's Range Test (Hicks, 1973) is applied

to the means of performance times at different levels of

effects found significant ( p<0.05) in the ANOVA.

(The means are listed in the ANOVA computer printout in ;

Appendix G). | ' -

S.E.

d.f.
L.S.R.
St.R

Z 0 U O H m

Notations to be used in.this section are: -

Index of Difficulty

number of ObServations 1n each
) level of effect

Standard Error = V// — Error Mean Square
degree of freedom of error . . .
Least Square Range _

Studentised Ranges at 5% level of significance
and at error degree of freedom -

4

Informational load levels

Clearance levels
Distance of move
Significant (p<0.05)

Not significant . (p>0.05)
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_Part 1 -
A.l

-

"-.

-,

™

Effect of informational load and clearance

analysed at four levels of distance (D) separately

‘Informational load (H) at D=7"

Right Sided Movement Left Sided Movement

(H) in ascending
order

Means

S.E.

4 Vs

3 Vs

2 Vs

SUMMARY :

All
all

and

1 2. 3 4 1 2 3 4
831 889 964 1076 $71. 935 1006 1209

9.46 10,24
54 54
2.84 35.42 3.76 2.84 3.42

26.87 32.35 35.57 29.08 35.02
5 = 110> 26,87 S 4 Vs 3 = 203>29.08 S
2 = .75>32.35 § 3Vs 2= _31>29.08 S
1 = -58> 26.87 S 2Vs 1 = 64>29.08 S
‘levels of H are significantly different from
other levels (p<0.03) for both the right sided
left sided movements

<
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A.2. TInformational load H at D = 10"

Right Sided Movement Left Sided Movement
(H) in ascénding :
~ order 2 5 4 2 3 4 . ‘ !
Means ° 872 1071 1104 1039 1133 1175 E
S. E. . 8.65 9.79 .
d. f. : 36 | 36
St.R 2.86 . 3.44 2.86, 3.44
L.S.R. 24.74 29.76 27.99 733.68
4 Vs 3 = 33>24.74 S 4 Vs 3 = 42>27.99 S
3 Vs 2 = 94>27.99 S

3Vs 2= '99>24.74 S : ]
SUMMARY: All levels of H are significantly different £from

all other levels (p<0.05) for both right sided
and left sided movements. )

A.53 - Informational load (H) at D = 13"

Right Sided Movement Left Sided Movement

(H) in ascending

order 2 3 4 2 i‘ 4
Means - 944 1015 1181 985 16}6 1260
S.E. 10.05 - = ‘ . 10.07 s
d.f. 36 36
St.R. _ 2.86 3.44 2.86 3.44.
L.S.R. 28.74  34.57 . 28.80 34.64

4 Vs 3 = 166>28.74 S 4 Vs 3

184>28.80 S
91>28.80 S

3Vs 2 = 71>28.74 S 3 Vs 2

SUMMARY : All levels of H are significantly different from
all other levels (p<0.05) for both right sided

and left sided movements.

o
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A.4

Informational load (H)Iat D.= 16"
N\

Right Sided Movement ' Left Sided Movement

(H) in ascending :
order - 1 yA 3 4 1 2 3 4

Means)

'S.EI
d.f.
St.R.

L.S.R.

SUMMARY:

B.L

e31 889 964 1076 991 1045 1111 1236
£10.30 9.11
54 S 54 |
.2.84 3.42 3.76  2.84 382 3.76
29.25 35.23 38.73  25.87 31.15 34.25

4 Vs 3 =112>29.25 S 4 Vs 3 =125%25.87 S
3ys 2= 75»29.25 S 3 Vs 2= 6825.87 S
2Vs 1= 58-29.25 § 2Vs 1= 52225.87 S

All 1evels of H are significantly different from

all other levels (p<0.05) for both right sided
and left sided movements.

—
.

{:Clearance Q) at D ;.’5"

Left Sided Movement Right Sided Movement

*(C) in ascending '
: order 3 2 1 3 2z 1

Means 1015 1078 1123 913 981 1035
S.E. 8.30 7.60
"d.£. 36 . 36
St.R. 2.86 3.44 2.86 3.44
L.S.R. 23.74  28.55 21344 26.14
' y
1 Vs 2 = 45>23.74 S 1Vs 2 = 54>21.74
2Vs 3 =63>23.74 § - 2 Vs 3 = 68>21.74
SUMMARY:  All levels of (C) are significahtly different

from all other levels. (p<0.05) for both- right

sided and left_sided movements.
112

-k

t;-

- B e emmrer v mt b & B Trmms e . wmm whe ami e st mrs e ale e



- B.2

Al

Clearance (C) at D = 10"

X Left Sided Movement Right Sided Movement
(C) in ascending : - ]
| order '3 2 1 3. 2 - 17
Means 1061 1123 1165 1008 1074 1099
S.E. 7.67 7.29
d.£f. 36 ' 36"
St.R. 2.86 3.4 2.86° 3.44
L.S.R. 21.93 26.38 20.85 - 25508'
1l Vs 2 = 40>2)1.93 S 1Vs 2 = 2$>20.85" S -
.2 Vs 3 = 6§2>21.93 S | 2 Vs 3 = 66>20.8% S
SUMMARY : All levels of (C) are significantly different
from all other levels (p<0.05) for both right.
sided and left sided movements.
- B.3 ' Clearaﬁée (C) ;;- ﬁ ~4:”13"

- oy

Left Sided Movement

(C) in ascending

Right Sided Movement

| order 3 2 1 3 2 1 '

Means 1053 . 1110 1159 997 1042 1101

S.E. '6.68 6.58

d.£. 36 _ 36

St.R. 2.86 3.44 2.86 3.4%4

L.S.Ry_ 19,10  22.98 18.82 22.64
1Vs 2 = 49>19.10 S 1Vs 2 = 59>18.82 S
2 Vs 3 = 57519.10 S 2Vs 3 =45>18.82 S

SUMMARY :

All levels of (C) are significantly different
from all other levels *(p<0.05) for ﬁoth the |

right sided and left sided movenments.

—

-
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.ﬁ;4 .Clearancé (C) ;t D = 16" . y .
. Left-Sided ﬁovégent e . Right Sided Moveﬁent
(C)'in ascending: . | ’ |
. order 3 2 1 3 _ 2 1
Means 1069 1134 1191 1068 1124 1181
S.E. y - 7.74 . . 6.68
d.f. . 36 . 36
St.R. 2.86 3.44 2.86 . 3.44 ‘
L.S.R. T 22.18  26.63 19.10 ' 22.98
Vs 2% §7>22.14 S 1Vs 2 = §7>19.10 S
"2Vs 3 = 65>22.14 S 2 Vs. 3 = 56>19.10 S

- SUMMARY: All levels of {C) are significantly different
from all other levels (p<0.05) for both right
_sided and left sided movements.

-

- .- B s G E— e — -

lPart 2 -Effect of Distance and Index ¢of Difficuity

as analysed according to the Part Z models.

) - —

A.  Right-sided Movement -

1 Index of Difficulty (1) :

The means of Performance Times are arranged in

sscending order as follows:
' LeVel . -
of I 1 5 3 2 9 7.4 6 10 11 .8 12

Means 913 980 997 1008 1035 1041 1067 1073 1099 1101 1123 1181

Standard Error (S.E.) = J/i Error Mean Square _
: . pumber Of opbservations in each [

= /89939.9
‘ 1Z00

. . . - - Yy o
- - . T. AL N ot - ., - Al - T - - J e . -
I o R L s rrmt——— e+ bemm e atim vy smw e v wred e —tst

= B8.66
—_—
]
.
.. . N - "\",_, e . - - . . - . . - LT .
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From standard tables, for d.£.¥i98; and at 5% level
of.significance,Jthe Studentised Ranges are:

| 2.77 3.32 3.63 3.86 4.05 3.77 4.29 -4.39 4.47 4.55

[N

Therefore the Least Square Ranges are:

23.97 28.75 31.44 33.43 34.90 36.11 37.15 38.02 38.71 39.40

-8 vs 12 = 58 > 23.97 Significantly.different

Therefore 12 is significantly different from all other levéls'

- -

8 vs 11 = 22 < 23,97 Not significantly different
8 vs 10 = 24 <-28.75 Not significantly different
.8 vs 6 =50 >31.44" Significantly different

Therefbre 8 is significantly different from levels 1,5,3,2,9,7,4,6

2 <23.97 '~ Not significantly different

11 vs 10 .=
11 vs 6 = 28 < 28.75 Not significantly different
11 vs 4 = 34 > 31.44 Significantly different

- Therefore 11 1is significégtly'different from levels 1,5,3,2,9,7

10 vs 6 = 26 >25.97  Significantly different

Therefore 10 is significantly different from levels 1,5,3,2,9,7,4,6

6 vs 4 = 6 < 23.97 Not sigéiﬁicantly df?ferent
6 vs 7 = 32 >28.7% Significantly different

Therefore 6 is significantly different from levels 1,5,3,2,9,7

4 vs 7

26 > 23.97 ‘Significantly different ‘§

Therefore 4 is significantly different f£rom levels 1,5,3,2,9,7

-
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7vs 9 =

7 vs 2 ='

Theréfore 7 is significantly different from levels 1,5,3,2

9 vs 2 =

& < 23.97 - Not significantly different

35 > 28.75 Significantly different

27 "> 23,97 Significantly different

el Amda

Therefore 9 is significantly different from levels 1,5,3,2

(92

2 vs
2 vs 5§ =

2vs1l =

11 < 23.87 . * Not signifﬁlantly different
r

28 < 28.75 Not significantly different

95 > 31.44 | Significantly different

-

Therefore 2 is significantly different from level'l

3 vs 5§

3 vs 1

-

17 < 23.97 Not significantly different

87 > 28.75 Significantly different

Therefo:e 5 is significantly different from level 1

—

5vs 1l = 67 > 25,97 Significantly different

Therefore 5 is significantly‘different from level 1

Thé above results can be é@mmariEe@ as follows:

Level of I - in ascending order of means ‘

I 5 3

® ° U 4 6 10 11 3

\
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. " . ‘ L /
2 Distance (D) - - Y

. . - i

g The means of the Performance Times in ascending order: i

Levels of distance D 1 .3 A 4 j

Means 976 1047 1060 1124
Standard Error tS.E.) = /132890
. Y 73600
' | = 7.15 _ -

From standard tables, for &.f.=354 and at 5% level of

“sjgnificance, the Studentised Ranges are: 2.84 3.42 3.76

The.LeaQZ?quare Ranges .are o 20.31 24.45 26.88 .
r ' :

lvs 4 = 148 > 26.88 Significantly different .
3vs 4 = 77 > 24.45 | Significantly different _ o
2vs 4 : 64> 20.31 Significantly different |
lvs2 =84 > ;4.#5 ‘ 'Significantly different
3 vs 2 =:13 < 20.31 Not significantly different
lvs 3 =71 > 20.351 Significantly different '3

Graphical representation of the above results:

‘Level of D in ascending.order of D: 1 3 2 4

»
ar

<o
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B. Left-sided Movement
1 Index of Niffsie ulry (1)
The means of Performance Times in ascending order are:

Level o
of I 1 3 .2 4 5 7 6 S 8 11 100 12

Means 1015 1053 1061 1069 1079 1108 1123 1123 1134 1159 1163 1191

Standard Error(S,E.)

//ﬁgﬁ Error Mean Square
number of observations in each level of 1D

w

= /34839 ,
R T .

= 8.89

From standard tables; for d.f£.=198 and at 5% level of
significance; the Studentised Ranges are:
2.77 3.32 5.63 5.86 4.03 4.17 4.28 4.39 4.47 4.55
The Least Square Ranges are:

24,63 29.51 32.27 34.32 35.83 37.07 38.14 39.03 39.74 49.45

12 vs 10 = 28 > 24.63 Significantly different

-Therefore 12 is significantly different from all other levels.

10.vs 11 = 4 < 24,63 Not significantly different
10 vs 8 =-29 < 29.51 Not significantly different
10 vs 9 = 40 > 32.27 Significantly different

Therefore 10 is significantly diff;rent from 1,3,2,4,5,7,6,9

11~vs 8 = 25 > 24.63 Significantly different )
Therefore 8 is significantly. different from all other levels with

- . -

lower means.
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Bvs 9 =
8 vs 6 =
8 vs 7 =
8 vs § =

Therefore §

9 vs 6 =
9 vs- 7 =
9 vs s5%=

Therefore 9

6 vs 7 =

6 vs § =
Therefore is
vs § =

Therefore 7 is

lower means.

S5vs 4 =
S5vs 2 =
5vs 3 =
Svs 1=

Therefore 5 is

4 vs 2 =,
4 vs 3 =
4 vs

1 =

Therefore 4 is

11°< 24,63 Not significantly different

11 < 29.51 Not significantly different
?

24 < 32.27 Not significantly different

55 > 34.32 sSignificantly different

significantly different from 1evels”i,3,2,4,§

0 < 24.653 Not significantly different
15 < 29.51 Not signifiéantly different
44 >\32.27 Significantly different

significantly different from levels 1,5,2,4,5
13 < 24.63 Not significantly different
44 > 29,51 Significantly different

significantly different from levels 1,3,2,4,5

31 > 24.63 Significantly different

significantly different from all levels with

¥

10 < 24,63 Not significantly different
18 < 29.51 Not significantly different
26 < 32,27 Not significantly different
64 > 34.32 Signifiéantly different

significantly different from leve% 1.

Not signifiéantly different

8 < 24.63
16 < 29,51 Not significantly different
54 > 34,32 Significantly different

significantly different from levei-l.
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1

vs 3

§.< 24.63

2 vs 1 = 46 > 29.51

Therefore

Level of I

1

2

Not significantly different

Significantly different

2 is significantly different from level 1.:‘'

vs 1 = 38 > 24.63
¢

Significantly different

* The graphical summary of the results 1s as follows:

-

-3

Distance

Levels of D

Means

-1

9 8 11 10 12

4

(B)._.

The means of Performance Times in ascending order:

-1
1072

Standard Error (S.E.}

From standard tabies; for d.£.=54 and at 3% level 0¥

1]

/1805853
3600

7.08

-

3 2 4

1151

1106 1115

‘significance, the Studentised Rg?ges are: 2.84 3.42 3.76
The Least Square Ranges are 20.11 24.21 26.62
1vs 4 =59 > 26.62 Significantly different
. '3 vs 4 =25 > 24.21 Significantly different
Z2vs 4 = 16 < 20.11 Not significantly different
1 vs 2“=-43 > 24,21 " Significantly different
3vs 2= 9 < 20.11 Not significantly different
i1 vs 3 =34 > 20.11 Significantly different )
120
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Graphical representation of the results:

Level of D: 1 3 . 2 -4
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Computation - Component Variances of Main Effects

This section utilises Part 2

for the computation of effect component variances.

Right-sided Movement . -

1. Clearance and Distance

ANOVA table D.2.15 :

g’
st + 720
-
2
Sg’ + 240
Sp’ + 240
2
sg + 180
qu + 180
Sg~ *+ 240
SR2 + 240

- 2 2 2 2
where SR . SS s SSH s SC s SSC

2

Ssc

2

+ 4800 o

as separate factors, from

22196.5
3914487.7
192550.3
51361249.1
132889:8
15226158.9
168138.4

13993948.4

2
? SSD b ¢H: ¢C: ¢D

.

models only as the basis

-

are

estimates of variances of the corresponding effects in

the mixed model.

From (i) and (2)

From (3) and (4)

Ss

®H

12 2

2

5405.96
10660.15




[ AV ]

From (5) and (6) D =

From (7) and (8) c =

Total Variance = Sg® + ¢y * ¢p * o

= 22583.5 -

$-age variance attributed to subject differences
(S8) = 23.95
to effect of Informaticnal

(H) =

$-age variance attributed

Load 47.20

¥-age

$-age

variance

variance

attributed

attributed

to Distance effect
(D) =

to Clearance -effect

16.10

(CY = 12.75

Index of Difficulty (I) as a factor replacing C.and D.

From ANOVA table D.2.156

Sg® + 240

sg® + 240

sg? + 60

720

60

2
Ss1

Ss1

. 123

2
Sgy” + 48006y

AN
3
2+ 1zoo¢1(2

where SRz, Ssz,_SIz, SSIz, SSHZ, ¢y, o1 . are estimates

'21925.
3914487,
192550.
$1361249.
89939.

6210204.

7 eeenn (1)
/A )
3oeenns (3)
1..... (4)
9 ... ()
T e (6)




B.

.

.of variances of the corresponding effect, in the mixed

model.

From (1) and (2) Sg = 5406.34
From (3) and (4) H =10660.15
From (S) and (6) 1 = 5100.22

Total variance SS2 + Op o+ 9y

21166.71

$-age of variance attributed to subject differences
- (8) =-25.54
$-age of variance attributed fo effect of Informational
Load . (H) = 50.36 |
$-age of variance attributed to effect of Index of

: Difficulty (I) = 24.10

Left-sided Movement

1. Clearance and Distance as separate factors. From

ANOVA table D.2.153

Sq = . 22467.7 ..... (1)
sg’ + 720 sg° = 4502763.9 ..... (2)
S’ - 240 Ssg” = 188952.3 ..... (3)
Sp’ *+ 240 Sgy” + 48000y = 54802174.8 ..... (4)
Sg? + 180 Ogp’ ( = 180583.1 ..... (5)

N
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Sg® + 180 ggp” + 3600 op = 2223895.5 ..... (6)
Sp* + 240 o’ _ = }35157.9 ..... (7)
Sp? + 240 ggg” + 4800 oc = 14396445.6 ..... (8)
From (1) and (2)  Sg° =  6222.63
From (3) and (4) o = 11377.75
From (5) and (6) by = 567.59
From (7) and (8) oc = 2971.10
Tétal_variance ‘= Sr: + ot op * dc
= 21138.67

$-age variance attributed to subject differénce
(S} = 29.4%
"§-age variance attributed to effect of Informationai_
| Load (H) = 53.82
$-age variance attributed to effect of Distance
(D) = 2.69°
$-age wvariance attributed to effect of Clearance
(C) = 14.06 '
Index of Difficulty (I) as a factor replacing C and D .

Frop ANOVA table D.2.14:
2

Sq | = 22173.5 v.u.- (1)
2. -
Sp- + 720 sg* = 4502763.9 ..... (2)
2 - -
Sp * 240 Ssu” = 188952.3 .....(3)
125
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Total

$-age
$-age

$-age

2

Sy

2

Sg® + 60 Sgr°

+ 240 Sgy® + 4800 ¢y

7
i

-

Sg® + 60 Sgp? + 1200 ¢

From (lj
From (Sj
From (5)

variance

variance
variance

variance

and (2) Sg

and (4) ¢

and (6) ¢I

_ 2
= SS

20220.87

+¢H+¢I

.

n

94838.8 ..... (5)

3238936.6 ..... (6)
6223.04
11377.75
2620.08

attributed to Subject Difference

(S)

30.77

attributed to effect of Informational

Load (H)

" 56,27

attributed‘to effect of Index of

Difficulty .(I)

12.96

N

b o — ——— i — = - —_ L — o - =
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Graphigal Representations of Results

O 5
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Appendix E

Tables of Linear Regression Models

ke e es e maaen

"



-

Linear Regression Procedures of the SAS-package were

used in fitting linear models of Performance Times im\terms

of combinations of significant experimental effects. The

goodness of fit and model coefficients are given in tabular

form to facilitate comparison between Right-sided and Left-

used in this

- PT = Performance Times in milliseconds

H =

-

Significance

c
D =
I

R - .
sided Movemgnts and across levels of effects.

section is as follows:

Informa;ional Load in bits

Lateral Clearance in inches

Movement Distance in inches

Terminology

papdee- -

Index of Difficulty (Fi%t's version :

I = log,[2D/C] ) in bins

Regression Intercept with the PT-axis

Coefficient of H in mddelF

Coefficient of C in model

= Coefficient of ‘D 'in model

o

Coefficient of I in model

Standard Error

model to the total variance.

- meaning the square of multiple correlation.

i.e. ratio of variance accounted for by the

Level of Fit -. probability greater than the

F-ratio taken as the MS of regression to the

MS of residual.
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A

Maximum %'Resi@pal -

the maximum a-solute difference between
the actual value and the predicted value

expressed as the percentage of the actual.
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- Table E.3° PT=b+biH for different levels -of clearénce(ﬂ) and distancéfD‘

S Levels - - Significance|- S.E. of
of C,D| b . by |Level of Fit|R-Square|Regression
CsDy |685.65 78.03| 0.0068 * | 0.9815 | 16.93
- C3D4 {739.35|108.07 0.0142 | 0.9651 | 16.49
: CzDy [743.17 82.14 0.0057 0.9841 | 352.49
.'b'-values . ' -
CoD4 |804.89|206.98 0.0170 0.9593 | 34:82
. C1D1 |789.97 | 83.66 0.0180 0.9553 | 26.60
Right- : . . .
Sided C1Dg [895.42{ 95.30 0.0111 -0.9756 | ,'25.78
Movement™ ' * .
‘ ' C3Dp | 20.75( 7.s8 s .
- - C3Dg | 39.79 ] 14.53
E,
¥ Standard | CyD; | 20.20| 7.38 -
Error of ' :
'b'-values| CaD4 | 42.65]| 15.57| ™ !
' C1D1 | 35.041 12.79 .
. o -4
CiDg4 | 351.58 | 11.53
| 3Dy |690.75 [109.57 0.0142 0.9812/. 32.95
P < CsDy |790.50 92.77|+, 0.0041 0.9983| 33.55
C2Dy [722.24[119.91 0.0120 .0.9796 15.95
'bt-values . . S .
' " | C;Dg4 [831.92101.35 0.0130 | 0.9875) 29.36
. Ci1D; |853.39| 91.86 0.0226 0.9483| 33.92
Left- > 4
Sided C1D4 [933.04 | 84.98 0.0076. 0.9796( 19.38
‘Movement . .
C3D1 40.36 | 14.74
C3Dg | 19.54| 7.14
Standard CoDqp ¢ 41.101 15.01
Error of . -
'b'-values | C2Dg | 35.97 | 13.13
_l¢cipy .| 41.55] 15 17
CiDs | 23.74 | 8.67 .
. . 142 )
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Appendix F

Motion Strategy
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During the experiment, it was observed that aﬁ each
subject progressed toward fully learned state, he developed
2 pattern of movement forming a motion strategy which he
considered to be‘the most efficienét Althouéh individuals
varied in this self-developed motion strategy,. there was,
however, one feature common to all sﬁbjpcts. The subject
began the task cycle by picking up the pin from the pin-
pocket and as.he focused his eyes on the indicator écreen,
his hand moved qﬁickly a certain distance from the pin-
pocket in the direction of the hole on the top plate. It
then slowed down in 2 region §ome distance from the pin-

- pocket-as he began the eye-search for the direction of the
final move to the appropriate hole. The above strategy
can be illustrated by using the simplest two-hole-alternatives

task.at D=16'" and D=7".

Consider first the task inyolving hole numbers 2
and 3. The subject picked up tgi pin from the pin- pocket
made a fast move to a certain dlstance d; toward the two
holes as he was detecting the number on the screen. He
slowe& down in a region bound by the dotted line around
point P;. .; At this point of time, he had just completed
?etection of the number and began eye-searching and mentally
preparing for the next and final 'move' to the appropriate
hole, If hole numbers 14 and 15 were involved instead,
a'similar motion pattern was observed but the hénd Slowed

down in a region around P,, a distance dy away from the
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pin-pocket.

L a et a
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1 { tomnen  3Louws DowN
!
!
e _ - -
|_ i P2 - -
CD__ INDICATOR  SCREEN _ :
I— . (54_- TN POCKET ‘
» Figure F.1 _Motion Strategy for the two-hole-

alternatives tasks when number 3 or
number 15 is shown on the screen.

-

In both cases, it was concezvable that the fast’

1n1t1al move was an -overlearned motion resembllng a simple

reflex action after picking up the Pin in the Particular

task concerned, Durlng that motlon eye focus, detection

and choice-time were critical relative to the manual motion

time, Distances d; and d, were thus independent of the




time it took for such move. In the latter part of the
motion (Pl to hole number 3 or P2 to hole number 15),
however, visual and kinesthetic feedback was essential
in controliing‘the movement and producing the accﬁracy
of positioning required by the task. In such cases,
dfstance of movement together with clearance became critical
factors in the motion time:
This observation was comparable with that of Thomas

(1971) when he noted that his subjects develope& a motiocn
strategic of two almost distinct moves; an initial fast
move to an indefinite position at a point near the most
likely response bdﬁton as perceived by the subject, and
a shorter move to the final destination.

| In the present study, it was found that the perfor-
mance times for D3=13" were consistently lower than those
for D2=10" at all three levels of clearance C and at
H=2 bits and H-3 bits. This feature is shown graphically
in Figure F.2 to F.4. Distance of Move has been fpund in
all previous researches to have positive correlat{;n with
performance time in combined decision and manual tasks,
(Raouf and Sethi 1974), nevertheless, the present pecularity
can be explained with referencé to motion'sfrateg} of
different tasks as described earlier.

) For the foyr-hole-alternatives and the eight-hole-

alternatives tasks used in this experiment, (corresponding

to H=2 bits and H=3 bité respectively), two different sets“(ﬁh
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of response holes were used for distances D3 and Dy as against

Dl and Dz.
Distance
Levels !
1 [TETTTT 57 4 p—p, Tl'""é""‘"f's_"“?:
- SET 1 ! _ [ SET 1. 1
. 5 _6____7. 8 ~— Ds—s| _S___6____7____8!
9 110 11 ) 12 k— Do—{{ 9 10 _1"1"""2";
! SET 2 U , | SET 2 |
. 13 114 ___15!' o —Dy—{13 __14_ _ A5 __ _0:
Indicator Screen . Indicator Screen
Figure F:Sa ' Figure F.5b

Figure-F.5 Different Response sets for D5 and Dy levels
as against D; and D, levels.
| P
Considering the four-hole-alternatives task with the
two sets of responée holes as in’Figure F.Sa,'the following
situation-was observed and is illustrated as in Figure F.6.
For Dy and D, levels, the fir;t"move‘ ended at around Pl
and continued along m or m; depending on the stimulus
number.  For D3 and D, levels, the first 'move' ended at
{ around P, and continued along m3 or m, depending aga&n on
the stimulus number. Due to the relative location of Py
and Pz; the distance m; was actually longer than m;. Since

distance was significant only in the latter part of the

total task motion (i.e. along the m's) as explained earlier,
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Figure F.6

tasks.
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1] Indicator Screen

() Pin-pocket

F

‘Motion Strategy corresponding to different

response sets used in the four-hole-alternatives

152

.
S T A



the time taken to move fo hole number 7 in the.upper_response
set could conceivably be shorter than that to h61¢ number 11
in the lower set. Accordiné‘to motion strateg} p&stulated
héré, it was therefore not the total distancg D, or D3 that
was directly related to performance times but the distances
m, or m; beginning at P or P3 that were significant.

In the case of the sixteen-hole-alternatives task,
(i.e. H=4 bits),‘éll the holes were included in the résponse
set. The first 'move' for every tésk_cycle ended at about
the same region some distance from the pin-pocket, thus
the second 'move' to any hole began at about the same point.
The ratio of the m distances in this case approximated that
of the D distances an& consistant increases of performance
times with distance D resulted. This feature is shown in
Figure F.2 to F.4 in contrast with the pécularity at H=2 bits

and H=3 bits.

Error in Prediction Model Due to Motion Strategy Difference

To examine the effect of the deviation between Dz and
Dé as in Figure F.2Z to Figure F.4. Two sets of least square
linear regressions were deveioped, one from the data of levels
D} and D,, the others from the data of levels Dj.and D4.
These two sets are compared with the model in which all four
levels of D are included simultaneously. Only Right-sided

Mpvement is considered in this section. Results of the

Left-sided Movement are expected to be similar. The model

S

~

PR S

—— =



/ . o . .
: .
] .
i .
L
\‘ N

?difficients, the corresponding standard errors and the-
measure of fitness of the two sets are présented in the
following tablgs for comparison. - |
From Tablp F.1l, it is~seén that the three best fit
lines are significantly different from one. another. :Ihe
intercept coefficients 'b's of the models with 2-D levels
are 3s (ﬁtandard‘deviatioqs) and 7s away on either side of
the 4-D model. The coefficient bz of D for the D3Dy model
is almost double that for the 4-D model. Plots of the best
£it lines for the three levels of H at Cy; level of clearance.
and for the three different models are shown 1n Figure F.7.
95% confidence limits for the three models are also given
by the dotted lines. It is clearly evident here that the
three models are distinctly different from one another, and
_drprediction equations have therefore to be developed for I}D;
levels and D3D4 levels separately when D and C are considered ‘
as separate motion parameters., X
.  From Table F.2, however, when index of difficulty (I)
replaces C and D, the coefficients 'b's of the three models
are similar. The standard errors of'regressions and cogffi-
cients are also comparable. ' The best fit lines for the
three models when H=Z bits are plotted in Figure F.7.
The corresponding 95% confident limit%?of the two 2-D models
are also given. It is shown hgzg;gﬁ;prisingly that the

three lines are actually very close to one another and the

95% condifence bounds almost completely overlap. It suggests
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therefore that the 4-D mcdel is adequate in relating the
performance tlmes to the index of dlfflculty even though

differences in motion strategy are 1nher§nt_1n the experi

mental design. . i
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APPENDIX G

Computer Programs and Printouts
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Program Subroutine FDHINT to plot

Histogram for every experimental condition
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SUBRJUTINE FOMINT (X NJNTYPE , TITLE)
(

= 1l== X = THE INPUT VECTOR, ORNEETH
c (2)== N = THE NUMBER OF OSSEGVAT ICK
C (3)== NTYOE < 0 mx> FD TAALE (GRESTE
=4 {4)== TITLE = ONE CARD OF INFAQWMATT

COMMON/SFDMI T/JINT F o MAX o Ml Ny RANGE X T
SOMMON/FOHSSS /Y, EMID

QEALCHIN"NIZO)-CHID(ZOl-TITLEIZOIoCU“FDIEO}-LINSI'- -/

TNTEGEHF(gCI-szah-FD(ZOIoCUM‘(ZQ!.Fh
*<RAOTsRANGE + XU N) «SUMFD 4 SUMED2 ,FACTOR,.C

. 10€03

;

"eT21041%42C/EXCLS(20.2) ’
INTEGERXXMAXX/ZTEREFFEFR/
LIGICAL JLMP
SUMFD=Q
SUMED2=0
NIEN/2
TOP=X[N)

BOT=X(1)
RANGE=TOP=-80T ‘
FACT)Im)

I=1
CALCULATE INTERVAL WIDTH m=> 10 TQ 20 INTERVALS.

IF(RANGE . 3Tl $)1GOTA1 0003
INT=RANGE
GITIi000%
SLINTI =R ANGE /EACTOR
S00N0at=1,.8
INT=CLINTIZINTVLLT)
IFQINTLEQ.01GOTIL 0004
I INV.GE. 104 ANDINToLT. 19}GOTOL 0O OS
cANTINUE
FACTORwFACTOR®1O
ATO100021 )
FACTOR=FACTOR £10

Q000a
100Ca

SCC00
1630S

RETUAN
JINTwINT1 : .
XINTEINTVL (D) #FACTOR ...

CALCULATE STARTING VALUS FOR BOTTCM OF FIRST INTERVAL

NDOT=9QT/XINT
GOIXINT#NROT .
IT(PCT.LT.0}GCRG0=XINT
IF(FACTOP 4 GT.1)FACTORAY
IF(GO+XINT.LE «POT)GORCO+XINT
EXCLSC1.1)G0

NXINTRXINT=]1

CXCLS{ 1, 2)=35+NXINT

CHNIC(! IRGOeNXINT/2. -
rFtcnoxxnr-Jxnr.Lr.roothur-JINTo:
D09C008K=2 L JINT

KM iz =1

EXCLS(K 1) >FXCLS{KML 1)+ XINT
EXCLS(Ks2I®EXCLS{ XKML 2} +XINT
CMIDIK )I=CMIDIXMII+XINT
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Kx)
NCiMFEa(Q
PICNT=100e/N
CrouwnaenwnCALCULATION OF MEAN, ST. DEVN oy
EMTAN®Q, -
* DOB0OI=1.N
EMEANEEMEAN+ XL ] }———
EMFANTEMFAN/N
- SUM=0.,
NOBOIT=] LN
adl1 SUME SUMS(SMEAN=X(T) } ne2-
ESTOVN®ESAZ T{ SLM/(N=1)})
EMED=mXINZ+ 1)
lFizgtz.Eo.N)ENEo-(5HED¢X(N2)1/2-
A

MINEXXMA XX
JUMPE . TRLE ,

Crsawsraaue FIT QASERVATION INTO PROPER
DO9COUBImI + JINT

Bec

AREXCLG(1,2) * .
IF(EVMEMN.GTL8 JINTMENRT &1
NEI%0
ON9OCOTIAK o N . .
__i .
——— N .

L TO M

S € XINY > . -

9 THAN ZZRQ wmadFD TaARLECHIST
SN AS A HZADING
NT-EMEAN.INTN&N.ESTGVN.Ean

2{20) S CHINFO 231 YL 20 14 GN, TOD

LINTl-XTNT.E.INTVLfalII.ZQS-S
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222  9NTGT NFIwNTTIel . . . ! azeene N
213 IR 1 NELJINTINFImD - - - . a3ocoo *
232 10COR F{I)=NFI . < i - . 820600
23% . : IE{NF T ,GTMAX TMA XRNFI - - »S0C00
236 IECMIN GToNFI IMINSNFY, N .aspcac .

237 IFINEL L Te S JUMP . FALSE. . ' . B70000
238 Kwd g ) 539000
239 ' NCUMFRNC UM «NE T . - : A90Q00
240 CUMFD{ T ) uNCUMFE SPRCNT . ’ - . QConoe
241 99028 CUMKL T)mNCUMF - , 210000 » -
2a2 PRINT&S.T!TLFoTOP-BOTgﬂANGE.xtNT-E'EAN-INTU?N.isfovN-IHEQ . Qza0da0
Cassunenens CALCULATE DEVIATION FROM MEAN, By TOSCUARED SeeABUS LENAG NN Q9EOCHAO
243 DNBMO000 11wl ¢ JINT - S QA0C00 .
244 [JmI=INTMEN - » ‘ 950000
245 IR K o4 v e $60C00 .
. 246 1iFumiLiel $72020 - .
247 EDC T IwIge : . i A <AQONG
2419 SUMFDuSUMFD+ T 3F . : 90000
249 IJFIJmlJFaly . . 1600000
asc C FD2(TImIIFTS ' . 1010000
251 80001 SUNMFD2uSUMFD2SIJELD ) - 102000¢C
282 . WO ITE({ 6. ACCOSI(LINE ;1 m1,33) . . : 1030000
252 XmJINTeL 1¢40C00 .
2Sa DOB0CO2ImteJINT : 1240090 - i
255 LaK=1 - 1CA0000 : k :
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2e2 IFIN INT.NE21)GOTORQ003 : . 1146000~ :
262" O INTACO21 : 11%¢000
258 GO TR 902 . 1120000 .
565 80007 PRINTASNINT «(CHINFO{I)1=1NINTY 1170¢00 - '
266 GOTOTTS 1180000 i
267 ?77’7 NINTaJINT : 1155000 !
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® X{=X(I) . : . 1290009 .
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INTEGEQF(JINT[.Y(J!NTloCHTNQQ(JINTl
NINT=JINT o -
DN 98 I=1,JINT, L
Y{I)=F({1)}) :
I’(NINT.GT.J)GO'TO 599
IF(NINTWGT.2)CD TO 777
IF(Y(I)oLT-S.OR.Y(ZI-LT.SIGO TO &
2 NO 3 I=1,NINT ) :
3-CHINFO&I);Y(!)
RE TURN ’

4 NINT=1 )
CHINFO(1)=Y(1)+Y(2)
RETUIN .

37
IF(Y({1).LT. GO0 TO
Y{2)¥=r{2)+¥Y(
IF(Y(E).LT’. ) ] TO &

S NINT=2 .
GO TO 2

S Y(1)=Y{1)+Yv(2
Y{2)¥=Yv( 3}
,IF(Y(2)-LT-5.0R.Y£$).LT-S)GO TC &
G2 TD = .

SO -IHALF=NINT /2
K3SPDT=2
L=1
M=v¥(1)

600 IF(M.GFE.S)GO TO 401
MM+ Y(KSPOT) -

KSPOT;KSPQT+1

GO TD eo02

CHINFQ (L =M

L=L+1

M=Y(KSPOT)

KSP0T=KSPOT+1 . &

-HQ2 IF(KS’OT.LE.IHALF!GO TO 600
CHINFQ(L)=M
L=L+1
J=L
M=Y(NINT)

KSPCT=NINT=1 .

700 IF(M.GE.S)GD T0 70
M=M+Y(KSPOT)
KEPOT=KSPOT-1

- GO TO 774

704 CHINFQILY=M
L=L+1
M=Y{KSPOT)
KSPOT=KSPOT-I

770 IF(KSDOToGT-IHALF)GO TO 700
NMJIK==-1

T 601

IF(Y(l}oGE.S.AND.Y(E).GE-S.AND.Y{3).G?.S)GC TGO 2
=) '

-

IF(M.GE-S.AND.CHINFO{NNJK).GE.S)GO TQ 702 '{’
1 .

KESPOT=KSP0T+
IF(NMJK .NE .KF SPAT)IGO TO 778
M=Y{(KF SPQOT+1) .

L=t~} ’
778 CHINFQ(NMJK)=CHINFQ(NMJK)+M

L=~}

GO TO 703
702 CHINFQI(IL }=M . e

703 M=(L~-NMJK) /2. -
IF(IABS{M) .EQ.0)GO TO 99599
DO 704 I=1.M .
IK=L+1~1
TASNMIK 4T
. NSKIP=CHINFQ(IM)
CHINFO( IMISCHINFQ(TK)
SKIR

$3999 NINT=L .
IF(CHINFQ(NMJIK) +GE » 5) RETURN
PO 705 I=1.L i
705 Y{Ti=CHINFO(T)
G0 YO S$7 «
END
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—SUBFﬁUTIVEHIQTGW(TITLE.LINES-IN)
INTEGERF (20) » Y(2C) s JUNKES)

PEALC“ID(ZOJ;TITL-(EQT-LINE/'— — "/ RLANK/

1C20)
COMMON/SFDHE T/JINToF sMAX « MI No JUNK'
COMMON/FDOHSSS/Y.CMID ..
D23 333 11I=1,20 -

. 333 GRAPH(I11)=BLANK :

30000 WRITE{6.,400C6)TITLE - . .

60002 IFIMIN.EQLCIMIN= -

- NMAX=MA XM IN+1 N
SCALE=FLT AT(LINES-?)/FLOAT(NﬂAx)
SC=14/SCALE, _

'y DT 33a Jax.JtNT

334 Y{JI=(FLJIESCALS+.5)
N=L INES/20
IF((LINE°—N*301.LEoBt(N-l))N N—l
'NSKIP=NXI3+30=LINES °

‘207 IF(NSK{D.NE.O)DRINTaccao'(I.I—I.NSKIP) -

298 K=(MAX*SCALE+1.5)
FREO=MAX®1GCes/IN "
L INES=_INES~7 v
. DO BOOOS I= I.LINES
LL=K=1
IFILL .£Q.0)G0 'TO 6COG1L
DO 8CC04 J=1.,JINT
80004 IS(Y(J)<FQ. LLIGRAPH{ JU) =SESS ~
¢ WRITEL6.4COCTIFREQLGRAPH C o
B0C0S FREQ=FREZQ=-SC*%100a. 7IN
. M=7+S3JINT /4 ‘
60201 WRITE(EsACOO0SICLINE (TI=1,M) .
WRITE( S, 49098)('MID(MJ.M-1.JINB 3)
L= WRITE(S, aOOCQ)(C“IDKM).M—2.JINT.3)
- wa'*—(s.aeo1e}crmxocui.n 3. IJINT,3)
. LINES=LINSS+7 . )
SOC01 RETUSN : Lo T
BCTOS FORMAT(* v .33A4/l-— . '
40706 FORMAT( *IHISTOGRAM FCR. *,20A4//)
80007 FORMAT(FS¥w245X:2045)
40CCHR TORMAT(?- FRED *+45X7(GC12a5,3%))
AA0O FNDMAT(* ¢, TCX7(Gl12.53%)) )
40C10 FORMATI® ¢ ,24X,7(0612.5,3XJ)

40020 FORMAT(® *,A1) | \
-  END .
SENTRY h ‘ .
L4 ’ R - - - .
- he - r‘\
. ] . -~
s . ra .
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5.

-

SAS Linear Regression Procedure Printout

Performance Time versus Hin, C, D for

Right-sided Movement
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