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ABSTRACT

- To investigate-theleffect of information

reductlon on\performance tlme and pulse rate while

subjects performed combined manual and dec151on tdsks”

(Type II), two sets of experiments were conducted
4

In the first set, five subjects performed a 3 x 2 x 2

N

coﬁpletely randeomized, factorial experiment in which

1 i

: s .
three levels of information content in the stimuli

(Nsi), two levels of 'information cqnteht in ' the

" tested) The Ng. levels were 10, 8 and 6 alternatives

r

in which the probability‘of odcufrence of each

requ<ii (NRj) and two levels of_feach (Rk) were

alternative was qually likely. The two. levels of
NR' wefe 2 and'4'ai£ernatiﬁes also occurring with
egual prebabilities. The response variable for this
teéf\was the performance time. The second set of
‘experlments had three 1ndependent subsets. In each
subset, information ;n the stimuli was as of 10, 8
and 6 alte:nafives. The stimuli information (NSi)
was not considered as a varieble,for these tasks.
~Ten subjects reduced this_information (NRj) to 10, 8,
6, 4 and 2 alternatives in the first subset.
Similarly, in other two'shbsets, the information was

iii
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decreased graduél;y by 2 alternatives till it was
reducea to 2 alternatives. Undér éach condition
'subjects perférﬁedl7 inches and 14 inches of reach
respectively. In_éddition to pe}formance.time,

.ﬁhlse rate of subjects while pérfqrming these tasks,
was also used as a response variable.. It has been
found that.informatiop cohtént in the‘stimuli (Nsi)'
information ébn#ent'in the response (NRj) and reagh‘
(Rk) are‘signific;pt variables that effect performance
-time and pulse rate difference from its normal level.

Both of these increase as the difference between Ngj

and N_. decreases.
RJ
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CHAPTER 1

INTRODUCTION

“ . an industrial worker is potentially subjected

to two types of |uncertaint¥;figgt he might have to
ask.

resolve while performing his One type of
uncertainty could be related to time’, i.g. the worker
does not know-in advance the time at which he is
required to respoﬁd..-The other type .could be some
form gf uncertainty with respect to the selection of
respénse fyom a finite set of response alternatives.

In cases, when the uncertainty over time and uncer-

o

tainty ‘with respect to response alternatives‘are
eéliminated, the gask becomes répetitive in nature.
From a prediction point of view, such tasks have
been termeé as‘TQpe T tasks (Raouf, 1974). For
performihg tasks in which either type of uncertaihty
is to be resolved, workers are required to use both
of their psycho-motor agaeaecision making abilities.
These types of tasks have been termed as 'Combined
Manual and Decision Making Tasks' or Type II tasks
(Sadosky 1968; Raouf 1974; Thomas 1974).

Well tested techniques for predicting and

evaluati human performance for such tasks are not
R9
Y -
P

e

1

™
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available to the practitioners of work study. Adding
the decision time, obtained by using the concept of
choice-rgaction time, to the manual time had been

\‘ suggested in the past. It has been shown that manual

\kﬂﬁ times and decision times obtained ﬁy using the con-

, \Lgppts of information theory are'no£ additive for a
given informational load as the magnitudes of motions
increase. For these experiments, each signal had 1l:1 mapping
[informakion conserving taskq.:.Some of theé industrial
tasks are/of the nature in which each signal does not
necessarily have an explicit response and the ﬁorker
may be required to make one responsé for a given
subset of gtimuli. Such tasks have been termed as
Information Reduction Tasks'(Posner, 1964). .Figure ;
1.1 represents the various information procgssing
models (Posner, }364). If NS is the infbrmafion
content in the stimuli and Np is the information
cdntent in the response that the subject has to make,
then for error-free performance in the infOfmation |
reduction task, NS > NR; If NS = NR' it becomes
information conserving.task and if NS < NR’ then it
is an, information creation task.

The'éx 2riments used for the investigations

pertaining fo Type II tasks had the following

factors in common:
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(i) the subjects were to resolvé choice
uncertainty only

1
(ii) tasks were of information conserving

tyﬁ% (Pew, 1965).

» In some oﬁhe£ studies it has been shown that
heart rate of persons under mental load stabilizes
(Kélsbeek, 1967). This stability also known as
Sinus Arrhythﬁia has been suggested as a measure of
mental load. The effect of‘iﬁfqrmational load on
heart rate while a subject is pe?forming_a combined
manual and ‘decision task of information conserving
mtype, has already been investigated (Raouf, 1975).

Before a methodology for deyeloping standérds
for cémbined manual and decision tasks including
information reduction can be developed it was
considered essential that our understanding of human
performaqce while performing such tasks be increased.
Consequently, the following study was undertaken-
to find out the effect of stimulus information
(Nsi), information reduction (NRj) and two leﬁels of
reach (Rk) on;

(i) Performance Time

(ii) Pulse Rate Difference.



CHAPTER II

LITERATURE SURVEY

A brief survey of the existing literature
pertaining to combined manual and decision tasks,
which forms the basis of this.study, is provided.

Sadosky (1968) developed a. methodology for
predicting éycle tines for Type II tasks. He
estimated manual times using the concept of Informatioﬁ
Processing Rate (IPR) bgged on choice-reaction task.
He, for his investigatiéﬁ%, used a task in_which the
probability of occurrence of each alternative from a
set of four alternatives was the same.

Raouf (1973) studiea IPR and reports that it
varies considerably amongst the subjects when-the
experimental conditions which are known to effect
choice-reaction time are kept invariant.

Thomas:(1974) explored the interrelatioﬁship
among varioﬁé components of Type II task by various
types of probability distributionsawhich governed
the occurrence of each alternative from a set of

four alternatives.



Raouf (1974) has shown that the effect of choice-
uncertainty or iﬁformation lqad on reach of different
magnitudes following the decision in é Type II task, is
not the same. For his expetiments he used eight, four
and two alternative tasks and‘tﬁe different magnitudes

of element reach tested were 7 inches, 10 inches and

B .

14 inches.
L]
Some of the psychologists who studied human per-

formance strongly emphasize that information reduction

e

is a predominant situation for the human to work.” As

regards any theoretical relationship, Posnexr (1962,
1964;, Fits et al (19751 196?) and Bricker (1955)
suggest that a linear relationship should»exist between
information"reduced and various measures of performande.
However, the results of their studies_caﬁﬁot be put

into use fér_evaluaﬁing worker's performance in the D
.industry because stimulus characteristics of their

experiments could not be related téﬁfndustrial tasks in

which decision making and manual motions take place.

Heart Rate

Heart Rate (H.R.) variations due to physiolo-
gical changes in the human body has been used to

measure fatigue, physical work load (Brouha, 1954)

/



operator's performance in industrial tasks (Young 1956).
Apart from-these studies H.R. variability has also
been suggested as a measure of mental load. It has
been shown that H.R. pattern of noérmal healthy
subjects sitting at rest is irregular. Momentary
irfeqularity of up to ten or fifteen beats per
minute can occur. If one is doing a mental work,
this irregulérity decreases and the H.R. variability
from the resting level of the heart also becomes
stable. In medical terms this phenomenon is known
as Sinus Arrhythmia.’ Sinus Affhythmia occurrinél
albne can be used as a measure of mental load.
Kalsbeek ana others (Kalsbeek and Ettema 1963,
Kalsbeek. 1967, Kalsbeek 1571) found that for the
situati®ns where physical load is low, Sinus Arrhy-
thmia is monotonically related to the level of the
mental load; Boyce (1974) showéd that the H.R. and
Sinus Arrhythmia change with change in physical load.
While investigating H.R.*Variabiiity, Raouf
and Khare (1975) found that the H.R. Variability
from rest increases as the magnitude of informational
load and reach is increased. This was an information
conserving type of combined manual and decision

fask .



CHAPTER III

EQUIPMENT DESCRIPTION

This chapter explains in detail the equipment
used for the study and underlines the‘ﬁunctions of -

the various units.

3.1 Methodology

This study was conducted in the Industrial’
Engineering Laboratory at the University of Windsor.
The experiment consisted of recording of performance
time and pulse rate of subjects while performing

combined manual and decision tasks.

3.2 Performance Time

This is the elapsed time between appeérance
of a visual stimulus and the completion of refponse.
This time can be divided into the following elements:

(1) ocgu;;ence of stimulus

(2) de%?ction of stimulus

(3) decision time—

(4) selection of response

(5) movement of hands

(6) completion of response.



Figure 3.1 fepresgnts the block diagram of
combined manual and decision tasks when the¥task is
repetitive in nature and the manual motions are

discrete.

3.3 Experimental Set-Up

The experiment consists ofltwo main units:
(1) Multi-choice (10 Channel) Reaction
Time Apparatus
(2} Pulse Rate Recorder.

1. Multi-choice Reaction Time Apparatus

The experiment has been conducted on thé mﬁlti-
choice reaction time apparatus. Detailed description
of this experiment is given in reference 16. This
eqﬁipmeﬂt consists of the ?olldwing three units:

{1) Signal Response (S-R) Unit
(1i) Tape-Reader

(1ii) Time Measuring and Recording Unit.

(;:\)Slgnal Response Unit (For details see flgures
. 1.- 4, Appendix A)

f/’ . S-R unit houses the decoding .circuits, error

and total trial indicétors,"écramble' matrix and

~other control circuitry. The froﬁt panel has ten

lights (source of stimuli) about 3/8 inches diameter.
. : .

and ten response switches (R.S.) mounted on it below

the lights. Also, it has an initiate button (I.B.)

P
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which can slide in the guide. The I.B. is.used to
activate the stimulus lights. The distance of I.B.
from R.S. #5 and #6 can be adjusted from 7 inches in
position I and 14'inches in position II. %he rear
panel houses an error indicator, a total trial

indicator with counfer re-set push button syitches.

The Error Counter

The stimulus lights can be turned on by pressing
the I.B. and turned off only by pressing the R.S.
~~ assosiated with that stimulus. The timer-counter
“"keeps qunnihg till the proper response has been made.
Due to;erro; in selection of response button, the
countdr advances by 6né. The error counter thus keeps
a record of the number of incorrect responses made é§
the 6% rator under test. The performance time for
these %eéponse cycles is unusually high and can be -
detected and eliminated for the purpose of analysis.

Total Trial Indicator

-

This registers the total number.of cycles
including the cycles in which the wrbng R.S. was
pressed. The trial indicator as well as the error
counter can be set tofzero by pressing the reset

- buttons. Both are of.electro—medhanical types.
Thus this indicator helps to keep a record qf.total'
performance cycles performed under any expefiméhtal

condition.

11
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Scramble Matrix N
= .

Through this matrix any of the signal lights

cagﬁbe'COnnected to any of the R.S. This matrix has

.(10 x 10) plug holes in which plugs can be inserted

+o connect different lights to a R.S. 1In other words,
the scramble matrix (encoder) allows the experlmenter

to program any R.S. and light or lights comblnatlon

he =1e) choos\s. ;
Response SwiZZh Sliding Covers

-

Any of the R.S. which is not in the scheme of
connections is covered by an aluminum slide attached
with lever. used for sliding it. See Appehdix 4,
Figure 1 for details.

)

(ii) Tape Reader

- Tape reader is used as a random display
generator. The tape is programmed so that any of
the lights on the S-R unit will llght up in a random

pattern. Dependlng on the hole pattern in the tape,

the tape reader sends out.a combination of electrical’

signals (BCD) which are déqued in the S-R unit and

the resylt displayed on the front panel signal lights.
The tape can beso programmed that the pattern of

display of lights can be made to obey any of the

‘probabilities-law. Therefore, it controls (i) the

size of the set of Nsi'and, {ii) the sequence of

occurrence of Na..
. ¢ Si

12



A SLO-SYN tape reader has been used for the present
\

study.

Preparation of Punch Tape

This is a standhard cémputer paper tape w@ich can be
punched on any of the teletype punching maﬁhines using a¥
IBM code. The sequence of punching of characters has to
be such that when I.B. is pressed any of the light cpmes
on and when the R.S. is pressed: the light is swit¢hed off.

Tapes were prepared for 10, 8 and 6 alternatives tasks

with equal probabilities of occurrences in a set.

(%ii) Time Measuring and Recording Unit
)

‘_'/’

This consists of a Hewlett-Packard 5326 A Timer
Countér and a paper‘tape punch unit. It records in
milliseconds the time elapsed between the coming of the
signal and making of the response. The DIGITEC
‘punching egquipment comprised of a tape punch controller
and a paper tape punch models 625 and 672. The per-
formance time and light number for each cycle is
punched on the tape. This tape' is converted into data

cards for the analysis.

2.- Pulse Rate Recorder

It is a portable pulse monitoring equipment
with a sensor-clip which is attached to the left-
hand index fih&er of thé}operafor. It continuously

computes and averages every four consecutive pulses



of the operator and displays digitally on the screen. .
These averages are recorded manually by the attendant
on /the paper while the operator performs. This

inst;ument is accurate to with?n * 1% between the &

Wil

~f

rate of 30 and 130 beats/min.
An Electronic/Medical System,;Pulse Trac Unit

has been used for this study.

3.4 Procedure
Figure 3.2 shows the diagram representiﬁg block
layout of the equipment. | |
This experimental unit was placed in one of the
laboratories of Industrial Engineering having proéer
air-conditioning.and lighting arrangements. "Before
the commencement of testing of each subject, a trial
was held to check the equipment. The subject performed*
after this. His task comérised of the following steps:
(1) Press the I.B. (preset to a certain
‘ 'Reach') Qlth right hand index finger.
The associated light waé switched on.
(ii) Reach.for the corresponding R.S. and
press it. The light is switched off.
If the R.S. is one associated with the Zzznal,
the light went off and - the »recording unit' punc
out the time elapsed and the corresponding light

number. And if the R.S5. 1is not the one associated
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with the signal, time elapsed is not recorded till

the correct response is performed.

3.5 Instructions to the Subjects

Before the start of the above test, there was a
set Qf instructions given to each subject in order to
minimize experimental errors particularly with reggrds
to reach so that £he subject does not make unnecessary
haﬁd movements while searching for the R.S. The
following instructions were given to each subject:

~ (1) He was instructed to move his right
hand index finger from the I.B. till
. he determinea the corresponding R.S.
(ii) He was to feel free—to ask for mofe
rest if feelingﬁtired.
(iii) Task was performed in short sleeve
shirts.
The two studies‘conducted are described in

y detail in the next chapters.



CHAPTER IV

THE STUDY

4.1 Objectives

The following were the objectivés of this

investigation:

(1) to find out if for given information
levels in the responses (NRj) and for
different information levels contained
in stilkwmlus (Nsi)vand for different
magnitudes of reach (Rk), the performance
time is significantly affected or not.’
This study has been named as the Pilot
Study .

(ii) to study the effect of information
reduction (Ng; ~ Nﬁjfﬁfor different
levelé of Rk in terms qf éerformance

times and pulse rate difference. This

part comprises the Major Study.

4.2 'The Pilot Study

This study has been done by ;aking three sets
of stimuli with different information contents. The

information in the szzgﬁli (Nsi) is the same as in

17
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6, 8 and 10 alternatives tasks in which the occurrence ’?

.0f stimulus is egually likely. Under each set of,

stimulus, the information in the re;ponse (NRj) was
kept at two levels of 2 and 4 alternative task. The
effect of above two variables and two levels of reach
of 7 inches and 14 inches was tested on performance

time of subjects. aN

g

4.21 Vvalidity for Ng,, N

Rj and R, for the Study

In the research being done on aecide action, it
has been established that if there are more than 16
alternatives in the gtimulus which are presented to the
operator, mental overload occurs and the efficiency of
the operator falls in repetitive kind of work. For
such cases it has, been suggeéted‘that there is need
for more thén one operator to do the same job (Bayha,
Hancockfi Keeping this in view, the.design of the
work place which is the signal-response unit is kept
at‘a maximum of 10 glternatives.

Common%y, it has been seen that the number of
responses associated wiih the number of signals or
stimulus are less than the number of stimulus.
Examples of such situations can be manual sorting,
monitoring and sensing devices.

‘The 'Reach' distances of 7 inches and 14 inches

are chosen because there is no body assistance for the

*Application Guidelines on Decide Action Research
published by MTM Association, Fairlane, New Jersey. -



moves corresponding t+o those reach distances and the
above distapces are most frequently used in work
‘design.

4.22 Validity for the Occurrence of Stimuli and
Response and Information Measurement

Researchers studying-the decision component
performance in an isolated form through choice-
reaction time studies empirically arrived at a ;inear
relationship between.performance time and thé
"uncertainty" of the stimulus set using Shannon's
informatioh metric (Shannon 1969):. This uncertainty

according to information theory is termed as entropy

and is given by:

log, p;. bits, (1)
where p. is the probability that stimulus i occurring

from the finite set of alternatives {1, ..... , N}, and

pij is the conditicnal probability of j occurring

given that i occurred on the previous cycle. If there

are no sequential dependencies, i.e. pii =.pj for all

i, egn. (1) reduces
»

H(P) = -I. p. 1 . bits : 2
(P) ; Py log, Py . (2)

19
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In real ihdustrial tasks involving combined
manual and Qpcision tasks, the prdbabilistic condifions
for occurrence of stimuli can obey different discrete
probability laws depending-on the nature of the job.
In an investigation done by Satsangi (1974) on a
fabric sorting operation, the occurrence of different
choices was observed to follow a poisson process.
Similarly, for different situations one can expect -
arrivél patterns for the occurrences of stimuli to
obey different probabilistic laws. Keeping this
thing‘ip view, for the presen£ study, it has been
taken that among number of choices, the probability
of occurrence of each stimulus and the response.is
the same as that of.the’rest.

In tﬁe‘above case, if there are 'n' alternatives

present in the stimuli, theq pj =

Sl

, the egn. (2)

+

reduces to;

H(P) %

1

!
(l
s

log2 % bitsr

r

1 .
-n = (—1ogzn).b1ts

i

log, n bits . (3)

L 14

P
._/



The same expressions hold good for the informa-
tion content in the response which the operator has to

make in order to conserve or reduce information. -

4.23 Experimental Conditions

Denoting stimulus information as Ng;+ response
inférmation as NRj and reach as Rk' where-i, J. and k
represent the leveis of these effects. Figure 4.1
shows the graphical representation 6f experimental

conditions for the Pilot Study.

i =1,2,3 3 =1,2 k = 1,2
‘[n.. = 1.q0 Bit
Ng, = 2.58 Bit R1
No, = 2.00 Bit
. N.. = 1.00 Bit| R, = 7"
Ng, = 3.00 Bit R1 1
N, = 2-00 Bit | |r, = 14
. .« [N-- = 1.00 Bit
Ng, = 3.32 Bit|— Rl .
INg, = 2.00 Bit
S

~ Figure 4.1. Graphical Representation of Experimental
Conditions for the Pilot Study.

21



4.3 The Major Study

Based on the results of Pilot Study, the
stimulus information has not been taken as a variable
but instead three independent experiments under 3.32
+ bits, 3.00lbits and 2.58 bifs of stiimulus information
(ﬁsi) have been undertaken. The efféct of different
NRj levels and %Fach (Rk) of 7 inches and 14 inches
was tested on performance time and pulse rate dif-

ference of subjects. - The pulse rate difference

(P.R.D.) of subjects is defined as -
P.R.D. = [Pulse Rate at Rest - Pulse Rate at Work]

4.31 Experimentfal Conditions

Total experimental conditions for this set of

three experiments can be put as follows -

i=1 .3 =1,2,3,4,5
o Np1=3-32,Np,=3.00,Np,=2.58
51 pits Np,4=2.00,N=1.00 (Bit) S
2 —. k = 1,2
i=2 3§ = 2,3,4,5 (for all)
Ng, = 3.00 | Npy=3.00,Np,=2.58 Ry =7
Bits . l _ . _ - It
NR3—2.OQ,NR4—1.00(Blt) R, = 14
i=3 j = 3,4,5
s .
Bits Np53=1.00 (Bit)

Figure 4.2. Grag?ical Representation of Experimentél
Conditions for the Major Study.
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;}4 Methodology

| As explained, three. sets of stimuli information
have been taken for this sudy. .If Ehe occurrénce of
stimuli is equally likely, then 6, 8 and 10 élterna-
tives represent 2.58, 3.06 and 3.32 bits of iﬂformation.
Light ;umbers 3.to 8, 2 to 9 and 1 to 10 of S-R unit
are chosen to form th% sources of stimuli (see
‘appendix A fqr,S—R details). As the information is
being reduced from these sets, it is obvious that less
number of responses are associated with the same
stimulus, i.e., NSi >'NRj, the occurrence of response
is also kept equally probéble by programming the tapes
for lights accordingly. Appendix B explains in

detail the S-R connéctibns, number of performance
cycles taken fér eaph condition. It also describes
the steps taken ih preparation and programming the
tapes.for the‘tape'reader. ‘

Pulse rate of each subject was recorded before

the start of the experiment whilg hé was at rest.

This was dgne by putting'the sensor clip of the pulse
recorder to the forefinger of any hand (see Appendix

A).
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4.5 Deviations in Response Information‘%NRj)

In some experimental conditions when signal_to
response (S/ﬁ) ratio is not a whole number, the infor-
mation in the response (NRj) changes because occurrence
of response cannot be kept equally likely. The féllow-
ing table gives the combination of signal and responses
in terms of alterngtives in which these deviations from

\‘_ .
NRj occur and the cbrifspondiggHﬁércentages of error

e

involved. Appendix B gives these calculations.

—_

/ S/R Ratio $ age Deviation

in Npy

10/8 2.29

10/6 2.30

10/4 1.50
8/6 3.10 ‘

6/4 4.20

Table 4.1. S/R Ratios and the Corresponding

Deviations in NRj'

4.6 The Subjects

Fifteen male graduate research students in the ‘
F;culty of Ehgineering were selected as subjects for
this stud&. Five subjects were taken for the pilot
study and the rest for the major stud&. Table 4.2

and 4.3 give the details of the student$. These
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subjects were paidiat the university wage rate. 2all
were in gocd physical condition and were interested
in the studies being undertaken. The eguipment was
~5 shown to the subjects and the function of each unit
was explained to them and all were given 400 practice
cycles before the start of the experiment.
" The pilot study lasted for three hours per
< -.subject while the major study took around six hours
per subject. Each experimental condition took
approximately 10 minutes with 3 minutes of rest in 4
between. The éubjects were given 50 practice cycles

before each conditidh to adapt themselves to the

changed conditions® One subject was tested each day. ~
Name (Initials) Age (Years) Profession
G.A. ' 23 Grad. Student
~— 7/
. . K.A. _ .22 Grad. Student
M.W. 23 Grad. Student
S.H. - 24 Grad. Student
T.J. 24 Grad. Student

Table 4.2. Details of the Subjects for Pilot Study.

*See Appendix B for explanation of Signal Response
Compatibility.



Name (Initials) | Age (Years) Profession

G.A. ’ | 23 “Grad. Student

J.s.C. 23 Grad. Student

M.V.R. 26 o Grad. Student

‘///“\\ ' M.W. _ 23 Grad.'Studept
7 S.E. 26 Grad. Stug%nt
A.M. 24 _ Grad. Studént

E.B. 22 Grad. Student

M.A. 20 Undergraduate

M.Y. 24 Grad. Student

.!gg; 24 Grad. Student

Table 4.3“Details of the Subjects for Major Study.

Pl

4,7 Experimental Design

For the pilot study each subject‘has bgen
tested under (3 x 2 x 2) cbmpletely randomized, full
factorial experiment. The ordér of set information
(Nsi)fﬁinformation reduced (NRj) and reach (Rk)
levels were selected at random and it varied for.
each subject. The order of randomization for tﬁis

iJstudy‘is given in table 4.4.

Fh the thfee experiments carried out in the
major study, the designs are (5 x 2}, (4 x 2) and
(3 x 2) completely randomized, full factorial

experiments. The order of three subsets has also

26
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been randomized.
scheme of randomization for these subset

experimental conditions.

LS

> Juy, 1|2 |3
ec s
ts
G.A. 21113
J.s.C. al2 |2
M.V.R. 1|2 |3
M.W. 213 |1
S.E. 311 |2
A.M. 21 1]3
E.B. 1| 3|2
M.A. 213 b
™MLY 1203
7.3, 3l 1|2

Table 4.5.

Note:

Tables 4.5 to 4.8 represent the

s and their

Ofder of Randomization of Subsets of
Major Study for Each Subject.

The entries denote the sequence in which
each set was tested.

28
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NSZSB.OO Bits

el

Nps (Bits) | Npj=3.00 | Np,=2.58 | Npy=2.00 | Np,=1.00

'Rk(Ins.) Rl | R2 R1 | R2 R1 | R2 Rl | R2

]
e

o™

2O
<.

HEIRPu
Gy WX E

.
.

<

Wb mwhpE -]
RN WHA LGN
B WO WH O
N Odd i~ N W
0O s N~ WU
VW R L~ O LS O
H Do ohWUl N & 0D
BN dE O dWWn

Table 4.7. Order of Randomization of Experimental
Conditions for Subset 2 for Eadh Subject

when NSZ = 3.00 Bits-

N.,=2.58 Bits

53
NRj(BltS) NR1=2.58 NR2=2.00 NR3=1.00
Rk(Ins.) R1 | R2 Rl | R2 Rl | R2
G.A. 4 1 5 3 2 6
J.s.C. 3 5 1 5 4 2
M.V.R. 2 6 5 4 1 3
M.W. 6 1 3 2 . 5 4
S.E. 1 4 2 6" 3 5
A.M. 3 2 4 1 5 6
E.B. 5 3 6 4 2 1
M.A. 1 6 2 5 3 4
M.Y. 4 2 6 1 5 3
T.J. 2 3 4 6 1 5

Table 4.8. Order of Randomization of Experimental
Conditions for Subset 3 for Each Subset
when Ns3=2.58 Bits.

Note: The entries denote .the sequence in which
each set was tested.
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The conditions under which each subject was
tested for the major study can be summed up in the

following Table 4.9.

Rl=7" R2=l4“

I Ng. (Bits)
3.32 | 3.00 | 2.58 “ 3.32| 3.00]| 2.58
- 3.001{2.58]2.00 (| 3.00| 2.58{ 2.00
N (Bits) |2.58 | 2,00} 1.00 || 2.58| 2.00] 1.00
J 2.00 | 1.00 - 2.00{ 1.00 -
1.00 - - 1.00 - .-

Ng, (Bits) }

Table 4.9. Total Experimental Condi.tion
for the Major Study.

4.8 Data Collection

The performance time associated with every
response switch was collected but the peéformance time
for R.S. #5 and R.S. #6 which are at the required
distances from I.B. has to be analyzed. The data
associated with other response switches has not been-
taken for the purpose of analysis. For the pilot
study, 70 observations associated with R.S. #5 or
R.S. #6 an the mean taken for each conﬁition. But -

for the major study, mean of 35 observations

associated with R.S. #5 and R.S. #6 per condition
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has been, taken. Less number of observations for
the experimenéal conditions of major study has been
taken becauselit was observed that there is no
significant difference in the mean vallbes for one
particular condition if.mdre than 25 observations
for such type of tasks are taken. Moreovei, by

L

taking 35 observations per condition of the major
study there is a éonsiderable saving in time and
labor including boredom to the subjects is reduced.

Pulse rate of each subﬁéét.wés taken and
recorded in the beginning-of ﬁhe experiment of major
study while they were at rest.:

. Nine observétioné per éxperiﬁental cou@it%on
- were taken for the pulse rate. These observations
were recorded after every minute from the commehce-
ment of each experimental condition. But for this
purpose of analysis, mean of last six observations
has been taken because in doing so pulse rate of
the subjects has very little effect of the previous
; , .

condition and moreover the subject is adjusted to
that co;dition.

The errors made by the subjects for each
experimental condition in terms of preséing-ﬁhé

v

wrong R.S. were less than 1%.



CHAPTER V

DATA ANALYSIS AND RESULTS

5.1 Technique Employed

Tables 1 to 7, Appendix C give the mean values
of performance tlmes and pulse rate dlfferences
\P R.D.) for 1nd1v1dual subjects. Hlstograms for
only performance time has been plotted by a standard
computer program (see Appendix H). fhe computer
outputs beside'means has given standard deviation,
minimum and maximum values of-performance times. It
also.giveé the total observations taken for each
condition, their ranges, frequency of occurrences
and their expected values. Appendix F gives these
histogram ploté and the related information.

Analysis of variances (ANOVA) has been used
to analyse'EHé data. 'This is taken because the
overall differences among the means of several
experlmental groups can be evaluated.

The following mixed model has been used to

analysé the rformance time data for the pilot

study:

33
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where &i = N

+ uBYijk + .. F uBYGij )
\\\J_ | ) T SR

Si, 1 = 132’3; B = NRj‘.-” k___?_.-;-z

Ng, = 3.32 bltS. ......... ~""Npy = 1.00 bit
ESz“ENB:OO bits, NRZ = 2.00 bit
NS3 f 2.58 bits, |

Yy = Rk' k=1,2; .6£ = subjects
Rl = 7", Response Variable = Performance Time
R, = 14",

xijk£ is the mean_ performance time for the ith

stimulus information level, jth information reduction

level, kth reach and Eth subject.

In the- above model 6, B and y are taken as

fixed factors while § is considered .as a random factor.

For the major study, the stimulus information

(Nsiy is not considered independen%avariagle,

L

therefore, the mixed model used for each subset (Nsi)

of the major étudy is

X35k

~

= u + qi‘+ Bj + Yk + af. .

i3 + Y f Bij + ésyijk'




Subset 1, 3J
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where a; = NRj’ for = 1,2,..4,5.
N A
- NRl = 3.32 bits
NRz = 3,00 bits
* tested under
Npg = 2.58 Bits ¢y - 3.32 bits
NR4 = 2.00 bits .
Nze = 1.00 bit
.
for Subset 2, j = 1,2,....,4
- N = 3.00 bit ] o
. Rl = 3- its .
N = 2.58 bits tested under
R2 { S
N_. = 2.00 bits Ngp = 3.00 bits
R3
NR4 = 1.00 bit )
for Subset 3, j = 1,2,3,
NRl = 2.58 bits
< tested under
Npp = 2-00 bits Ngy = 2.58 bits
NR3 = 1.00 bit
By = R, . k=1,2; Y = Subjects
R1 = 7", Response Variables -
R2 = 14", (i) Performance Time

(ii) Pulse ﬁate Difference {P.R.D.)

A standard computer package known as Statistical

Analysis System (Barr and Goodnight) has been used to

compute sums of squares of various effects (see

Appendix G).



Tables 5.1 to 5.7 show the findings of pilot
land major studies showing only the main effects.
F-ratios are compared with standard tables for

a = 0.05 !Hicks, 1973) . Results indicate that all
the main effects are significant. Complete details

of ANOVA are given from Tables 9 to 15, Appendix C.

Source | DF MS F ' Findings ~

NSi 2 27609.267 | 79.83 | significant (P < 0.05)

!ﬁs 1 1138712.723 | 34.47 | significant (P < 0.05)
. Rk 1 19175.943 ] 20.32 | Significant (P < 0.05)

Table 5.1. " Analysis of Variance for Performance Time
of Pilot Study (Main Sources of‘ Variation

Only).
Source | DF MS F _ Findings
NRj 4 23166.5335 13.17 | Significant (P < 0.05)
Rk 1l [16467.5623| 30.29 | Significant (P < 0.05)

Table 5.2. Analysis of Variance for Performance Time
of Subset-~Set I of Major Study (Main
Sources of Variation Only).
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Source | DF MS F Findings
NRj 3| 27312.1934 |14.20 | Significant (P < 0.05)
Rk 1 |11265.8175 |45.18 | Significant (P < 0.05)
Table 5.3. Analysis of variance for Performance Time

of Subset-II of Major Study (Main Sources

of Variation Only). °
Source | DF MS F Findings
NRj 2 8593.9845 9.551 Significant (P < 0.05}
R]'( 1| 10284.8134 | 3.16} Significant
: (P < 0.12)
Table 5.4. Analysis of variance for Performance .Time

of Subset—-III of Major Study {(Main Sources
of Variation Only).

Source | DF MS ) F Findings
NRj 4 52.10 3.71| significant (P < 0.05)
Rk' 1 190.67 46.50 Significant (P < 0.05)
Table 5.5. Analysis of Variance'for P.R.D. of

Subset-I of Major Study (Main Sources
of variation only) .

1
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Source | DF MS F Findingsf
NRj 3 56.79 3.21 | significant (P < 0.05)
R, 1 |138.88 | 56.68| significant (P < 0.05

Table 5.6. BAnalysis of Variance for P.R.D. of
Subset-II of Major Study (Main Sources
of variation Only).

Source | DF MS F Findings
NRj 2 91.12 6.18 | Significant (P < 0.05)
Ry .1 |106.96 23.61 | Significant (P < 0.05)

Table 5.7. Analysis of Variance for P.R.D. of .
Subset-III of Major Study (Main Source's
of Variation Only).

5.2 Test on Means After Experimentation

Having concluded that thefe is a significant
difference in treatment means, the next step would
be to find out which means afe different. As we are
investigatiqg the effect of different stimuli and
responses on performance time and pulse rate
difference, a test called Newman-Keuls Range Test
(Hicks, 1973) has been put to evaluate these

" differences.
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Appendix C (calculations) show that for the pilot
study, stimulus information level means are signifi-
cantly différent ﬁrom each other (; = 0.05).

For the major study, reach level meansoare also

significantly differént for all the subsets of per-

formance time as well as for pulse rate differences..

5.3 ‘Computation of Variances for various Effects

The variances for the main effects has been

Gdlculated in order to see what percentagds are

attributable: to NRjAand Rk levels for each set of

. Ll . ..
NSi' -Alsg, the varlgnces for individual NR. has_

]
been calculated. These variances are listed in the

following tables from 5.8 to 5.11 (for calculations

see Appendix C).

Nsi(Blts) -NRj % Rk %

.- 3.32 | 26.00 7.76
3.00 26.83 | 5.82
2.58 " 6.82 4.5

Table 5.8. Percentages of Variances Attributable
to N_. and Rk Levels for Performance
Timegq

39



Table 5.09.

Ng; (Bitsy | Np. % R 3
3.32 20 40
3.00 19 56
2.58 39

35

to N

R]

Percentages of Variances
and Rk for P.R.D.

Attributable

2.58 2.00 1.00

13.25 5.78 0.01 73.00

3.00 -- 15.16 13.28 0.70 70.76

2.58 - - 15.55 | 17.81 66.59
Table 5.10. Percentages of Variances Attributable to

Individual N

. Means of Different Sets
for Performange Times.
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Ngi 3 NRj (B
NN 3.32 3.00 2.58 2.00 1.00
5 ~. S '
) )

3.32 | 60.50 3.60 2.00 |10.67 | 23.26
3.00 — 58.75 1.37 |15.18 | 24.68
2.58 / - —_— 50.00 | 2.00 48.00

Table 5.11. Percentages of Variances Attributable to
' Individual NR. Means of Different Sets
for P.R.D. 3 :

5.4 Graph Plotting

The graphs are plotted (Appéndix D) for both
the.studies between NRj' performance times and pulse ‘
rate differences for different No; and R, . The graphs
‘are also plotted between (NSi - NRj)’ performance time
and pulse rate differehces.- é

These graphs indicate that‘performance time and Y

‘-.
.

pulse rate difference increase as (Ng; - NRj) decreases.

. rq\_j
5.5 Regression Analysis

In order to find prediction models for per-
formance time and pulse rate difference for combined
manual and decision tasks of this nature, polynomial

regression analysis has been done. A computer
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program (see Appendix- H)} is put to fit a least square
curve to the data of all the subsets of major study.

Appéhdix E (computer outputs) shows that for any
sub;et of stimulus information (Nsi) and response.
information (NRj), performance'time and pulse rate
difference can be predicted for both reaches of R, .
and R,. For the subset 'when Ng, = 3.32 bits, 1lst to
4th degree polynomial can be inserted to the data for
. each of the reaches. Similarly, a maximum of 3rd
and 2nd degree polynomials can be inserted to éubsets
2 and 3 respectiﬁbly.L For example, for the first
subset of performance, the first degree polynomial

for R, (see computer - outputs) is -
Performance Time (ms) = 500.68 + 31.80 NR

where N, = stimulusrinformation in bits.

The % age average error involved in prediction by the

above equation is 1l.64. \
There is a gradual decrease in % age averagé

‘errors as the degrees of polynomial increase till it

is 0.00 at the maximum level. The 4th degree

polyﬁomial for the above egquation is -

P%Efofmance Time (ms) = 1388.00 - 1925.15 NR

2
R

3

+ 1467.00 N - 451.21 Np

4

+ 49.01 Np .



4

The % age error involved in prediction by the-dbove

equation is 0.00.

The following tables summarize the percentages

of average errors involved in each degree of polyno-

mials for all the subsets.

43

R Rl = 7“ l] R2 = 14“
Degree of Polynomial Degree of Polynomial
No
S1 .
(Bits) 1 2 3 4 1 2 3 4
3;32 i.64 0.59 0.56 0.00|( 2.28 0.53 0.50 0.00
3.00 |1%9 0.37 0.00 -- j]1.87 0.34 0.00 --
2.58 |1.38 0.00 -- -- (0.8 0.00 =-- ==
Table 5.12. Percentages of errors involved in each
degree of polynomials for the performance
times.
- Ry = 7" R, = 14"
Degree of Polynomial Degree of Polynomial’
- /
" ) .
51 1 2 3 4 | 1 \¥ 3 4
{(Bits) )
3.32 |5.47 1.69 1.08 0.00| 6.22 2.70 0.08 0.00
3.00 8.93 0.89 0.00 - 4.73 0.30 0.00 -
2.58 | 2.76 0.00 -~ ~— || 2.21 o0.00 -- --

Table 5.13.

Percentages of errors involved in each

dégree of polynomials for . the pulse
rate differences. '



- linear relationship has been assumed between N

PN
L

Owing to ldrge number of equations involved for
prediction, it was thought to develop general equations
for prediction of performance times and pulse rate
differences and for the easiness of formulation, a
Rj and
both theireéponse variablés. These eguations can be

used when the information in the stimuli and response

has been ascertained. The equations are -

Performance Time (ms) = RAD" + CD" + 33.33 Np
where RAD" = time taken in ms by reach distance of
‘ _ . .

class A¥*

ﬁR = information in the. response in bits
Ccp" = experimenta;ly determined constants (ms)
baséd on NSi and Rk levels). (These
vaiues are given in Appendix E).
The average error involved in this predidtion equation
is approximately 15%. ‘

The P.R.D. in beats/min. can also be predicted

by the equation; !

P.R.D. (beats/min.} = KD" + 2.10-NR

3

*The MTM data card describes class A reach: Reach to
an object in fixed location, or to object in other
hand or on which other hand rests. (Published by ¥’
The Maynard Poundation, Pittsburgh, Pa.). )

44
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where N

R information in the response in bits

KD" = experimentally determined constants (ms)
based on Nsi and Rk levels. {These values
are given in Appendix E).
The average error involved in this prediction equation
is approximately 20%.
The practitioners of work study can use the
above eqguations for approximate estimation but if a
precise estimation is required, the highest order
polynomial for a given Nsi’ NR-

]
Further validation of the above findings is

and Rk can be used.

suggested before they are used by the work designers.



‘CHAPTER VI

CONCLUSIONS AND SUGGESTIONS FOR FURTHER STUDY -

For a Typle II tésk-where subjécts are required
to resolve uncertainty.?elated £o choice_altérnatives.
and informatiog redugtion is involved (Ng; > NRj).and‘
the cycles are disc;ete and repetitive, the following
éonclusioné can be made: .

1. For Npy = 1.00 bit and Npj = 2.00 bits, o
NSi is a éignificant variable affécting pe;formance.
time. |

2. For a given Ngs o NRj and R, are significant
variables affecting performance time.

3. Also, for a given Ngsr Ngj and R, are
significant variables affecfing pulse rate difference.

4, Performance time increase as (NSi - NRj)
decreases. This is shown in Figures 7 and 8, Appendix D.

5.. Pulse rate difference also increases as
Ng. — NRj) decreases. Figures 9 and 10, Appendix D.

N 6. Tests on means of NRj levels of performance
timeishow that all the means are significantly dif-
ferent from only one leﬁel when NRj = 1.00 bit where

g ] i x . ' . L. .
the performance time 1s minlmum. This' is true for

all the subsets.
' 46
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7. Means of N_. levels of pulse rate difference

) R]
indicate that for all subsets means of NRj = 1.00 bit '‘and
NRj = Nsi are significantly different from each other.

The means in between do not differ.

8. Breakdown of variances for individual NRj.
levels for the pulse rate difference for all Nsi levels:

indicate that extreme levels, i.e. NRj = 1.00 bit and

NRj'= Ng, contribute more towards variation than any

other level in all the subsets (Chapter IV).

6.1. Suggestions for Further Studies

A funct%on relééing NG, ﬁRj and Ry for the
performance time has been formulated in this study.
But further validation is suggested before it is put
in use because of the accuracy and the assumptions
involved.

The effects of information creation for Type II
tasks have not been looked into yet. A study in this

direction is suggested before the study for such tests

is regarded as complete.

47
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APPENDIX A

EQUIPMENT DESCRIPTION
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APPENDIX B

1. ,Schematic‘ﬁayout of 5-R Connections.
2. Signal—Résponse Compatibilitf.

3. Why this Scheme of Connections.

4. :Number of Performance Cycles.

5. Tape Preparation.

6. ‘Calculations_of Deviations in NRj'
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Figuré 1., Schematic Layout of S-R connections repregenting

various experimental conditions of the Pilot-Study.
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Figure 4. Schematic Layout of connections for set-3 of
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Signal-Response (S-R') Compatibility

Signal to response compatibility plays an
importaht role in human performance. It is obvious
that if signal and response relationship is ver}'simple,
the number of errors madg by the operator would be-less
and consequently, his efficiency in terms of performance
time would.be good. If this S~R' compatibility or
relationship is changed, the oéerator is liable to
commit more errors ﬁill he gets some experience on the
new arrangement and the effect of compatibility with
srespect to dﬁy performance measure is‘nullified.

In the present study, this effect of compatibility
was nullified by asking each subject to work'on the new
arrangement of each experimental condition till the
experimenéer felt satisfied that the effect of compati-
bility is no longer there. ‘ |

The subject learned within 50 cycles.

Why This Scheme of Connections?

The question ariées that why the schemelof
signal and.response connections hés been *like this
thle there can be so many othe; combinations. To
answer this the fellowing reasons aré given:

(1) R.S. #5 or R.S. #6 is always in the
scheme of connections. The distance of both these

switches is the same from I.B. Before the start



of the experiment iF was pfoveﬂ in a 2 x 2 ranaom;zed,
factorial éxperiment employing 2 subjects that the
. mean performance time for reach for both switches from
I.B. is the same. The following table gives the mean

'pérformancé times for both R.S.

. Time for Time for
Reach R.S. #5(ms) R.S. .#6{ms)
" 270 . 272
14" 380 376
TABLE 1.

(ii} In another experiment with the_giﬁen
arréngements of S-R' unit, the mean performance times.
for reaéhes of 7 inches and 14 inches Qere also found
to be the same. It was also 2 x 2 factorial

experiment in'which 2 subjects were employed.

l

P $-- o3 ¢ Arrangement 1.
1 .
b - &

-

k)

i e . -.-4 Arrangement 2. -
e |
& éﬁ

4 &



]

.y

{

Time for Time for
Reach Arrangement 1 Arrangement 2

7" + 574 (ms) 577

14" 605 606

Table 2.

Similarly, other qombinations‘with the same
information content in the response but different
stimuli information were also tried. From these
experiments, it was concluded that selection of any
combination of response switcheé did not make anyi
significant diﬂf;rence in the performance.times as
long as the probébility of occurrence of stimuli and

responses remain the same.

No. of Performance Cycles

To keep the performance cycles associated with
different subsets of lights in a set in a manner that
R.S. 45 or #6 is used equally, number of performance

cycles were éelécted for each experimental condition

- such that the cycles pertaining to R.S. jgfor #6 were

70 for all the conditions of Pilot Study.

Similarly, for the Major Study 35 observations

have been taken for each experimedﬁél'condition for

the purpose of analysis. : }?
e o ,// _ e

.
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Tape Preparation
For all experimental conditions, the tapes were

prepared. The probability of occurlrence of stimuli in

~,
™~

each set was kept invariant.

Calculatioh”Uf/DeviatiOns in NRj

When S/K Ratio is 10/8 (see Appendix B for Connections)

*

Probabilities of occurrence of response no. 1 and 10

= 0.2 each.

Probabilities of occurrence of response from 2 to B

0.1 each.

Therefore, information’in the response, Np.

= ~Ip; log, py

Il

2 x 0.4643 + 6 x 0.3321 !

= 2.9212 bits

2.9212

Thus, % age deviation = 100 - 100 x 300

= 2.29

When S/K Ratio is 10/6 =

Prob. of occurrence of responses no. 1 and 2
= 0.1 each. ¥ &)
Prob. of occurrence of responses nos. 4,6,8,10

= 0.2 each.

Therefore, N

Rj 2 x 0.3321 + 4 x 0:4643

il

2.5214 bits

100 x_2.5214 _

Thus, % age deviation = 100 - 558

230
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When S/ﬁ Ratio is 10/4

Prob. of occurrence of responses nos. 3 and 10
= (0.3 each.

Prob. of occurrence of response nos. 5 and 7

= 0.2 each,
Therefore, NRj = 2 x 0.5210 + 2 x 0.4643
= 1.9706 bits |
Thus, % age deviation = 100 - 100 x 152%%9 = 1.50
When S/R Ratio is 8/6
' -

Prob. of occurrence of response nos. 2 and 9

t

= 0.25 each.

Prob. of occcurrence of response nos. 4 to' 7

-

= 0.125 each.

Therefore, Nps =2 x 0.5 + 4 X 0.3749 = 2.50 bits

Thus, % age deviation = 100 - 100 x §°gg = 3.10 °

When S/K Ratio is. 6/4

Prob. of occurrence of response nos. 3 and 8
= 0.333 each. ot
Prob. of occurrence of response nos. 5 and 6

= 0.166 each.

Therefore NRj = 2 x 0.5282 + 2 x 0.4300 , L
= 1.9164 bits
Thus, % age deviation = 100 - 100 x 159% 4 - 4.2
A

i}




APPENDIX C

Tdﬁi;; for mean values.

calculation of E.M.S5. values. o v
ANOVA tables.

Tests on means after expérimentation.‘
Calculation of variances attributable to main
Aspects.

J,

calculation of individual variances.

RN
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. CALCULATION OF E.M.S. VALUES

For the proper F-test to be put in ANOVA and for
the computation of variances, the calculation of *

expected mean squares of all the main and other inter-

-

.action effects becomes essential. As a sample E.M.S,

values for the experiment set Ny, = 3.32 bits are

calculated (Hicks, 1973);

Effects Symbols Levels Type
Subjects s | 10 Random
I-Reduction - N | '5 Fixed
Reach ) R . 2 a}xéd

R F F '/
L] -/
S N R
. {/
Source 10 5 1 2 E.M.S. (
S 1 5 2 6% + 10 ¢ .
. [ S . l:ﬁ
N 10 | o 2 0% + 202+ 20 ¢
N € SN N
s 2 2’
SXN 1 0 2 of + 205
_ 2 2
R 10 5 | o of + 505 + 50 ¢p
= 2 2.
SXR ) ; 5 0 o + SGSR ,
. 2
NXR '10 0 | o | of +10 ¢yp
NXRXS 1| o 0 ci

TABLE 8. CALCULATION OF E.M.S. VALUES



< ~ For sets 2 and 3, the levels of NRj are h and 3.
Also, these E.M.S. values change for the Pulse Rate

Difference Analysis because 9 subjects have been taken

in all three setd of Major Study.
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TEST ON MEANS

Pﬁtting Newman-Keuls Range Test (Hicks', 1973)

on the means of both studies - (for computation of

means see ANOVA computer outputs).

For N., Means of Pilot Study

-

The means in descending order are -
557.50  526.99  483.57 -
v 3 2 1

o

_ error mean sguare
Standard Error (?GE') - number of observations

-

For a mixed model then,'

N\

_ _ [1537.207 _ '
5.5, = 'W/__"Eﬁf‘" 8.76 .
. | :

) .
' From standard tables, for d.f} = 8, theéﬁpnges are
. )
L

3.26 and 4.P4. : .

i

g Sy
Therefore, the Least S'ynificantfRanges are -
A}
i v
L.S.R. = S.E. x Range = 2B.58 35.41

1 vs 3

1l

73.93 > 35.41 Significant (P < 0.05)

1l vs 2

I

30.51 > 28.58 %}gnificant (P < 0.05)
2 vs‘3

Ii

43.42 > 35.31 Significant (P < 0.05)

Hence all the set means are significantly different
- M [ 3
from each' other. ) -

¥ -
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TEST ON MEANS OF MAJOR STUDY

(i) Performance Times

When NS = 3.32 bits

1

For N_. Levels

R

The means in

5 A

614.11 608.07

w4

[N

-
Stangzrd Error (S.E.

¥

-

r

.descending order are -

3

605.

2 1

55 587.15 531.02

) = error mean square
no. of observations

=.,/l75853396 - 9.38

From ;Fandard tables, for 4.f. = 36, the ranges‘ari -

Least Significant Ranges =

Therefore,

Il

"1 vs 5

1l vs 4

83.08 > 39.05

-

77.05"% 39.05

1 vs 3 = 74.53/5-39.05

1/6£‘2"EH55413'

2 vs 5

= 26.96
T 2 vs 4 = 20.92
2 vs 3 = }8.40'

3 vs 5 = B8.56
i

>

<

39.05
%
35.83

35.83

35.83,

32.45
o o

2.86 3.46 - 3.82 4.26

26.82 32.45 35.83 39.95 .

Significant (P < 0.05)
Significant (P < 0.05)
SignificantliP < 0.05) -
Signifigag;'(é‘?~ofﬁsw\
Not Significént (P > 0&05)

i
"Not._Significant (P > O.QE?

Not Significant (P > 0.05)

Y

s

o

81

Not Significant (P > 0.05)~, ///
. y \\
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LN
. . ' . s
3 vs 4 = 2.52 < 32.45 Not Significant (P > 0.05)

4 vs 5= 6.04 < 26.82 Not Significant (P > 0.05)

The aﬁove results can be summed up as follows:

N_ . 3.32 3.00° 2.58 2.00 1.00 T

1 i .
———re el

For Rk,Levels

The means in descending order are - ¢
2 1 . , H

576.35 602.01

o . s.E. = 2432248 L 5.5, ' B

.

(%
I

© .. for d.f. = 9, the range is - 3.20
L.S.R. = 10.56

l vs 2 - 25.66 > {9.56 Signifiggnt (P < 0.05)

‘When st = 3.00 Bits

FSE’NRj Levels ' [;\\;_mﬁ

The means in descendind order are

B PR B 2’ 1
599,24 597.66 579.93°  520.48
. . . -
. ‘ I
. ) - > . .‘ a
- , o - _ < [1923.22 _ :
s \ﬁ S.E...-—A T = 9.81 ) .
' L
X ,



L.5.R. =

vs 4

vs 3

vs 2

T

The above

R]

28.45

I

#

for d.f. = 27, the ranges are -

34.33

78.76 > 37.96
77.18 > 37.96

59.35 > 37.96

- 19.31 < 34333

¢

/

17.73 < 34.33

1.58 < 28.45

.37.96

Significant (P < 0.05)
éignificant (P < 0.05)
gignificant (P < 0.05)
Not Significant (P > 0.05)
Not Significant (P > 0.05)
Not Sﬁgnificant (P > 0.05)

ek

results can be summed up as follows -

-

{l

2.58

2.00. 1.00

" For R, Levelé
—K T -

The means in descending order are -

2

562.46

/

I

y L i .

586,20

el

83
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_ . ““—)k\m\_““‘hx—z"/j\x\J
for d.f£. = 9, the range is - 3.20 S

L.S.R. = 7.96 °

il

lvs 2= 23.74 > 7.96 Significant (P < 0.05).

~ .

When NS3'= 2.58

For Nnj Levels

The means in descending order are -
3 2 1

/549.32 ° 548.50  513.01

¢ A _
_ ~/899.11 " _
S.E. =~ —20 6.70 ;

for d.f. = 18, the ranges are -

2,97 3.6

L.S.R. 19.90 24.18

1vs 3 =36.31 > 24.18 Significant (P < 0.05)
'vs 2 = 35.49 > 24.18 Significant (P < 0.05)
.2 vs 3= 0.82 < 19.90 Not Significant (P. > 0.05)

The above results can be summed up as follows -

. N_. 2.58 - 2.00 2.00



For Rk Levels ' . : U

. The means in descending order are
L2 I ¢
550.03 - 523.85

- ' »,

) o ‘ _ ~{3247.4838 _ :
. 8.B. =/ g = 8.05

N\
for d4.f. = 9, the range is - 3.20

L.S.R. = 25.76

1 vs 2

1

(ii) - Pulse Rate Differences

= 3.32 bits

. When NSl

For NRj Levels

The means in descending order are

5 4 3 2

g E
.
] -

14.00 12.00  10.88  10.22

14.03 _

(]
[ee]

for d.f. = 32, the ranges are -

26.18 > 25.76  Significant (P < 0,05)

1
9.72

85



an

l vs 5

1l wvs 2

2 vs 5
2 vs 4

2 vs 3

3 vs 5

L.S.R.

>
>
>

>

v

v

A4

0.05)
0.05)
0.05)
0.05)
0.05)
0.05)

0.05)

2.88 3.47 3.83 4.10
= 2.21  2.67 . ;.sf' 3.15
) .
= 4.28 > 3.15 Significant.(P < 0.055
= 3.78 » 3.15 Signifi;ant (P < 0.05) .
= 3.12 < 3.15 No£ Significant (P > 0.05)
= 2.00 < 3.15 Not Significant (P
= 2.28 < 2.94 Not Significant (P
= 1.78 < 2.94 Not Significant (P
- 1.12 < 2.94 . Not Significant ﬂP
= 1.16 < 2,67 Not Significant (P
= 0.66 < 2.67 Not Significant (P
= 0.50 < 2.21 Not Significant (P
The above results can be summed up as follows -
3.32 3.00 2.58 2.00 1.00
—

For Rk Levels

The means iquEscending order are -

2

12.82

1

9.91

86



for d.f. = 8,

L.5.R. =

0.97
1lvs 2 =2.91 > 0.97
[9
~ When st = 3.00 Bits

For Rk Levels

the range is - 3.26

/

Significant (P < 0.05)

The means in descending order are -

4 3 2 1
13.94 12.11 10.55 10.22
s.E. =\/11:00 _ 4 o5
for d.f. = 24, the ranges are -
2.92 3.53 3.90
L.S.R. = 2.%80 3.38 3.70
l1vs 4=3.72 > 3.70 Significant (P < 0.05)
1l vs 3 =23.39 < 3.70 Not Significant (P > 0.05)
lvs 2=1.83 < 3,70 Not Significant (P > 0.05)
2vs 4 = 1.89 < 3.38 Not Significant (P > 0.05).
2vs 3 =1.56 < 3,38 Not Significant (P > 0.05)
3 vs 4 = 0.33 < 2.80 > 0.05)

Not Significant (P

The above results can be summed up as follows -

87
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For Rk Levels

The means in descending order are -

2 1.

13.13 10.27

S.E. = /33%1 = 0.06

for d.f. = B, the range is - 3.26

L.S.R. = 0.1936

lvs 2 2.86 > 0.1936 Significant (P < 0705)

When NSB = 2.58 Bits

For NDj Levels

The means arranged in descending order are -

3 2 1

14.44 12.16 9.94




(

=~ for 4.f. = 16, tﬁe ranges are.-
/3.00 3.65
L.S.R. = 2.70 - 3.28
:’I ) _
1vs 3=4.50 > 3.28 Significant' (P < 0.05) .
N 1 vs 2 = 2.28 < 3.28 Not Significant (P > 0.05)
2 vs 3 =

2.78 > 2.70 - Significant (P < 0.05)

v

The above results can be summed up as follows -

+

For kaLevels

The means in descending order are —°

2 1

13.59 10.77

for d.f. = 16, the range is - 3.00

L.S.R. = 1.20

lws 2 = 2.82 > 1.20 Significant (P < 0.05)

4 - : o '



G COMPUTATION OF VARIANCES ATTRIBUTABLE

TO DIFFERENT FACTORS OF MAJOR STUDY

(i) For Performance Times

When NSl =-3.32 Bits

Using mixed model, 'from the ANOVA table, we

have -

ci = 720.36
6% + 10 ¢ = 227.50
€ NR ) N
¢NR'= -49.28
2 2
UE + 5 OSR = 543.52
6% + 5 g% + 50 ¢, = 16467.56
£ SR R *
= 318.48
¢R -
2 2
. ol + 2 0 = 1758.34
62 + 2 62+ 20 ¢.. = 23166.53
£ SN N *
= 1070.40



9l

+ 10 g = 21138.42
= 2041.80

2 .
G T dy t gt b5 F 0yp

Total variance

4101.76

. . _ 1070.40 _
% age of variance attached with NRj = T101.7€ — 26.00
. . . _ 318.48 _
% age of variance attached with Rk = 4101.7€ — 7.76 ,
AW N
When NS2 = 3.00 Bits
'05 = 447.87 » .
62 + 10 ¢ = 318.25
£ NR *
SNR = ~12.96
@
2 2 _
o + 4 9gp = 249,31
6% + 4 02 + 40 ¢, = 11265.8178
€ SR R "
= 275.41



=

Total variance

% age variance attached with N_. = %269.44 _

% age variance attached with R

2

+ 2 USN

= 1923.22
o2+ 20 ¢ = 27312.19
= 1269.44

bg = 22447.19
= 2749.91 .

bg

= g% ,
=00t oyt ép t bt SR

4729.76

Rj ~ 4729.7¢ ~ 26-83

_ _275.41 _
k = 4729.76 ~ °>+82%

When NS3 = 2.58 Bits

o)

[V IS ]

3%}

. = 485.16

+ 10 ¢p = 94.10 -

92



o2 + 3 02 = 3247.4838

o + 302 + 30 o, = 10284.81

¢R = 234.57

' 0% + 2\h;\y= 899.11
£ N
»

02 + 2 02
€

4y = 384.74

2

¢g = 4578.77

2
UE + ¢N + ¢

Il

Total variance

5644.14
% age of variance attached with N

% age of variance attached with Ry =

Ry

SN + 20 Py = 8593.98

of + 6 ¢g = 27957.82

R T % * g

384.74 _
5644.14

234.57 _

5644.14 _ ¢

= 6.82/

L3

93



(ii) For P.R.D.

When NSi = 3.32
2 _
o + 9 ¢NR = 0.10 .
Therefore .
¢NR = 0.01
g + 5 02 = 4,10
£ SR *
2 2 _
g + 5 SR + 45 ¢R = 190.67
Therefore .
\ ¢R = 4.15
6% + 2 02 = 14.03
€ SN R
o + 2 02 + 18 ¢,.. = 52,10
E SN N )
Therefore
) ¢N = 2,11

2 -
o, + 10 ¢g = 18.62

Therefore

¢g = l.61

94



Therefore

A

+

. 2
Total variance:= o, Foy T gt b

Thefefore , . L'

st nr

. . . 2.11
$ of variance attached with NRj = Y0.34 " 20%
% of variance attached with R, = 4.15 _ 40%
k 10.34
' When Ng, = 3.00 Bits . -
0.66 ~ 2.64 _ _
¢NR = 3 0.22
_138.88 - 2.45 _ :
¢R = 36 . = 3.78
= 56.79 - 17.69
_‘/l . = =
: N S 1.086
v . 7.62 - 2.64 _
o
-  Therefore

Total Variance = 5.706

Therefore

95



o, . i _ 1.0
% varlancq attributed to NRj = 590
L4
% variancé attributed to = 3.78
ALEr: Re = 672
When NS3 f 2.58 Bits
_ 0.35 - 14.83 _ _
¢NR = g = =1,60
[4a
91,12 - 14.73 _
¢.R = 18 | - 4:24
_21.76 - 14.83 _
¢S —‘ 6 = 1.15
Therefore
Total variance = %3578
Therefore
$ variance attributed to N_. = 4-24
) R] 10.78

¢ variance attributed to Rk ="35%

P I U U ——— - e

PR s i P S PR oS e T e -

= 39%

96
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"

COMPUTATION OF VARIANCES FOR INDIVIDUAL NRj MEANS

(i) For Performance Times

v

For NSl = 3,32 Blits

Means j}n ascending order of Hﬁ' are -

ey .3
608.0 614.11 605.55 587.15 531.02°
X = 589.18
2 _
Sl = 356.83
2 _ . . .
SZ-— 621.51
2 _
83 = 267.97
2 _
$4 = 4.1209 \
S§ = 3382.58, Total Variance = 4633.00

Therefore, % ages associated with the above means are =

7.60 13.25 5.78 0.01 73.00

-For N = 3.00 Bits

S2

Means in gscending‘order of NRj are -
599. 24 597.66 579.93 520.48 -

X = 574.32
S

2

1= 621.00



98 .

sg - 544.75 - &

2 _

53 = 31.47

Si = 2898.74, Total Variance = 4085.22

Therefore, % ages associated with above means- are -

15.16 13.28 0.70 70.76

For N53 = 2.58_§its
548.50 549.32 513.01
X = 536.94
¢.2
Sl = 133.63
2 _-
52 = 153.66
S§ = 572.65, Total Variaqce - 859.54

o

Therefore, % ages associated with above means are -

15.55 17.81 66.59

¥

-(ii) For P.R.D. 5

= 3.32 Bits

For NSl

Means in ascending.order of NRj are - N

9.72 10.22 10.68% 12.00 14.00

X = 11.36

2.68

1.23

TS



6.97, Total variance = 11.52

Therefore, % associated with the above means are -

23.26 10.67 2.00 - 3.60 60.50
For st = 3.00 Bits
Means in asc¢ending order of NRj are -
10.22 1.055 12.11 14.11 ‘
X =11.75
2—.
Sl =.2.34
2 _
52 = 1.44
2 _
53 = 0.%3
sﬁ = 5.57, Totdl Variance = 9.48
Therefore, % associated with the above fieans are -
24.68 15.18 1.37 58.75
For NS3 = 2.58 Bits
Means in ascending order of NRj are -

9.94 12.16 14.44 )



S

WM
|
(=]
L]
o
(=
-3

s, = 5,20
Total Variance = 10,30

Therefore, % associated with above means are -

48.00 2.00 50.00
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Figure 1. Results of Pllot-Study for Ry
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Figure 2. Results of Pilot-sgpdy for R2
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Figure 3, NRj ve. Performance Time for R1
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Figure 5. NRj vs. Pulse Rate Difference for R
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Figure 6. N_. vs. Pulse Rate Difference for R
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Figure 7. (Ngj~Ngj) vs. Performance Time for R
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Prediction Equations

* The Regression Analysis Computer outputs
indicate that the -performance times for three sets
of stimulus information (Nsi) can be given by first

and second degree equations of the nature =

Y = a + mx
and

Y =a+ bx - cx2

The max imum percéntages of error involved in
.both types of curvés fitting is less than 7.65%.
Based on all the first degree = ns for reach of 7-
inches and 14 inches, the following eguation has
been~de§el§ped. This = n can be used when the
information in-the stimulus and response has been
ascertained. The =n is -

\

/
performance Time (MS) = RAD" + cD" + 33.33 Ny

‘\

" N

Where, RAD"

time taken in MS by the reach distance
of class A

RAT"

Il

266 MS

RA14" = 378 MS
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NR is the information in the response, and

CD' is experimentally determined constant (ms) \u//k
based on stimulus information {bits) and

reach distances (inches).

These constants are given by the following table:

n "
Ngs c7 Cl4 K
3.32 230.5 (Ms) 144.0
B.0O 225.0 134.0
| 2,58 195.0 113.0
— TN

TABLE 1. Constants Associated with Different
Nsi and Rk for the Performance Time.

Similarly, the pulse rate difference (P.R.D.)
in beats/gﬁn. can also be represented by first dnd

second degree equations of the nature -

Y = a+ mx

Y =a -~ bx + cx2
The first degree = n developed from all the

= ns representing all the sets of stimuli information

is given by -~
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v , . )
P.R.D. {(beats/min.) = KD" + 2.10 Np
Whexe, Ny is the information in the“response in bits
KD" is the experimentally determined constanfs

./-"ri

(MS) based on stimulus'informétion (bits)
and reach distances (inches) . ~

These cqnétants are given by the following table:

v

-

Ny K" k14"
3.32 5.07 . 1.56
. 3.00 5497 8.51
2.58 6.97 9.10 ’

p on
’J’ . ‘

sABLE 2. Constants Associated with Different
N, and Ry for. the P.R.D.

e
i N



COMPUTER OUTPUTS

Performance Times

l. For Ng; = 3.32 bits

2. For NS2 = 3.00 bits
4 -~

3. For NS3 = 2.58 bits

Pulse Rate Difference

l. For NS1 = 3.32 bits
2. For NS2 = 3.00 bits
3. For N = 2.58 bits

53
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APPENDIX F

Histograms and Frequency Distributions Charts
for the Pilot Study (24 in number).

Histograms and Frequency Distributions Charts
for the Major Study (48 in number).

*Each histogram is titled.
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APPENDIX G

ANOVA SUMS OF SQUARES OUTPUTS

1. For Pilot-Study (Performance Time).
2. For Major-Study (Performance Time).

3, For Major-Study (Pulse Rate Difference),
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APPENDIX H

COMPUTER PROGRAMS

1. For Regression Analysls.

2. For Histograms.
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