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‘ABSTRACT.
o~ . N S
I+ has been recognized\thaf‘ the amount ‘gﬂ“)work done
Sy Qbrke?a usiné two -hands simultaneously is greater than that
of vorkers using one-hand alone. However, it h?s %lsoipegn
reportgd that wheﬁ,a task is éimuitaﬁeo;slylparformed the cyc%fh—d/>
time of such task is‘?iéher than when it is performed

single-handedly. Many attempts have been @ade to set the

* standard time for auch tasks, but these motions are still
. ’ v

v

handled differently in all ayailhble predeteérmined Motion Time

Systems.

A »

Simultaneous hand motions-have been generally defined
as the motioqs begun and completed by two hands in the same ‘
period of time either in a:symmetrical or an asymmetrical way.

Symmetrical simultaneous hand motions are those motions with

identical angles and equal degrees of tagk difficulty; others

N '

are asymmetrical simultaneous motions. The task difficulty of .
mamual tasks where "move" and "position” are involved has often

been defined by the following relationship, TD = 1032(2D/C)

' bits, where D is the distance moved and C is the target

¥
. work-load and to rate worker performance and has .proven to be

diamefer.'tfherefore, it seems that the task difficulty of

simltaneous hand motion may also be defined by the above -

éentionqd relationspip,fqr given éngles of hand m&fions.
The heart rateof workers performing a task have

sometimes been used as a physioclogical measure to predict
o -
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highly correlated with the physical load oflvarious tasks. On

_the other hand, it has been found that the mental load of tasks

may be measured by the amount of the fluctuatiohg of Heart rate
(Heart Rate Variability or HRV).

The effects of ﬁhe task difficulty an& the angle of
hand‘mov;ments along with the physical and the mental loadg on
simultaﬁgous motiona éo not seem to have,beeni&daquately
inveétigated- In this study, the simultaneity of a task

invélving "move" and "position” was investigated under three

cénditions, 1) symmetrical angles and symmetrical task

_difficulties, 2) symmetrical angles and asymmptricai task

difficulties and 3) asymmetrical angles and aymmetrical task

difficulties. ‘

| The results for the first conditicn (symmetrical angles and
symmetfzéal task‘difficultY) sh;w that the effects of task
difficulty and angle of move were significant on the performance

time. However, heart rate wag_not gignificantly affected

by both ‘the above fact;rs. Statisfical tests for the entire
stuéy used a ;ignificance level of x=0.05, . The results
for the second condition (symmetrical angles and asymmetrical

task difficulty) show that performaace time once égain was

significantly affected by the task difficulty as Well as the
' 1N

angle of move. However,.nEither of the above factors do not affect
" the heart rate significantly. The results for the third N

" condition (asymmetricgl angles and symmetrical task difficulty)

show that the effecta of task difficulty , the angle of move of

Iv



 Left hand (AL), the angle of_move_of right hand (RH),'an& the
interaétioﬁ between ﬁhe angle of move of left and right hand
(AL®AR) significantly affected the performance time. Fﬁrther,
tasﬁ difficulty significantly affected the heart rate while
angle of move of left hand and angle ;f move of right hand had
no effect on it. Within tasg difficul%y it was seen that only
distance of move_had a significant effect on the heart rate

’

while the lateral clearance of fit had no effect. It was also

seen that task difficulty, angle of move of left hand, and angle .

of move of é&ght hand have ;igh icant effecta on the Heart Rate
Variability Index. Trom’these. esults it wa; cﬁnclude@ that as
angle was seen to be a signifidgnt factor, PMTS's that do-note
incorpo?ate angle effects (most Bf the available PMTS's do not )
do not aid the design df;such tasks in choosing the optipal ‘
direction of moves of simulténeous motion. Turther, task

difficulty was not found to be a preferable measure of physicall

load. Distance of move was found to be the better measure.

T
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CHAPTER 1

GENERAL INTROCUCTION .

In industry it has been .recognized that there are scme ‘situatio.nls

whe::at;sks are performed simultaneously by a worker using two hands
. (Raphael et al., 1952}, For such tasks the amount of work done by t
- the worker using two hands is greater than that of the worker using
one hand alone (Barnes and Mackenzie, 19401. The idea of using two
hands sim:tltaneously. to increase the productivity of such tasks was

' first documented in the ‘E‘{mdamental of Lavés of Motion Ec.onomy‘ by
Gilbreth (1923},

Simultaneous hand motions h;ﬁe. been ggnerally defined as_the
motiqns begun and completed by two hands in the ‘same period of time
either i.n- a symmetrical or an asymmetrical way. Syﬂm\et;:ical
simultanecus hand motions are those .motions with.identi'c:al angles and
equal degrees‘ of task difficulty; others are asymmetrical -sinhlltaneous
motions. vAlthough simultaneous motions have been studied by many

.

researchers, ti'nese motions are still handled ciifferently in all

) available Predetermined Motior: Time Systems (PMTS's]l. In Method
Time Measurement (MTM).for instance; there is no allowance in
performance time f.or simultane.ous motions unles.s the two motions are
congsidered to be difficult to perform simultaneously. The time

values for both motions are assigned to complete the simultaneous

motions (i.e.; twice the time value for an equivalent single handed

1=
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moticn in the .swmpetrica-l casel,
‘Simultaneous syxmne;:rical and é:symnetrical "reach" motion
expefiments were conducted recen'_cly '(.R?.ouf at al,, 1978, Ito,
1979, Mak, 1978). FPindings in £hese expe-riments confirmed that
simultama.ous motions require more time than single~handed motions
for slement r.";aach.. Although the mean performé.ﬁce times for single~
‘
handed motions generally agree with the values assi.ghed by PMTS's,
in the same .experimental conditions., it was found that the time
X : '
values for simultanecus two handed reach motions are always .

higher than those of PMTS‘'s. For the motion employed in the

previously cited experiments, PMTS's do not allow any extra time

o, '

for simultanéously performed tasks, However, none of the motions
re.éuired twice the time.l valuaé which one PMTS assigns in some other
cases, The 1.argest pez:centage inarease in performance time for
symmetrical simultaneous motions over single-~handed motions, in the
same experimental conditions, was calculated to be 66,0%,

another important result in thesa e:cperix!yéni:é is that the angle
of the moves was found to be a significant factor (Raouf et al,,
1978;. Ito, 19791, In i.ndust:.:y not only “reac.h" but also motion
move"™ and f'pos:f.tion" are often performed simultaneously (Raphael
et al., 1952). The t:_me necessaxy to complete a task depends‘ on it;
difficulty. This difficulty nommally consists of more than one
factor. Fitts (1954, 1964) introduced information theory, index
of difficult.y (task difficilty), in prediction of work performa.n.ce

of certain types of task, and found that performance time was well

predicted by the following relationship.

2=



Task difficulty (TD] = log, (D/C] bits,

where D is the distance of ?ha hand movements and C is the
tqlerance range. Raouf at ai., (1977) reported that méhy ‘ .
researchers have cbtained high correlations!between T and the
performance time‘qf manual tasks. 7

It has Been reported that when a task is per?ormed simultaneously
it requires somewhat more attention than when it is pefformed
single-handedly. The results of symmetrical simultaneous reach
experiments (Itc, 1979] show that tL; mean heart rate differences
of subjects performing two-handed simultaneous tasks were highex

than those performing single-handed tasks, It was also shown as

the angle of hand motion from a central reference plane (12 o'clock)

-k

increased, performance time ‘also increased and subject heart rate
difference decreased, Sinée it is obvious that as tﬁe angle increasqs
visual requirement to ccmpiete‘the task ig‘increased, it may be said
that the degree of difficulty of the task at a larger angle was
scmewhat greatér than.£hat:at zero degrees (12 o'clock). Although

the subjects were asked to perfoim the tasks as quickly as they could,
it was not possible to perform the tasks at the larger angle as
quickly as at zero degfées. Furthermore, the physical load of the
task per hour was reduced Because of lower pérformance; consequently
heart rate differences were observed to be lower at larger angles

thaﬁ at zero degrees. From the above discussion one may feel that it -

is necessary to investigate this nonphysical load of the task, which

can not be measured by Heart Rate (HR) alone and which may have an



~
v

important influence on simultanecus hand motion. As Macormick (1976}
dascribed, mry kind of Human activity;‘;‘s considered to involve
physical acts and .mental work. |

p The re:lationship betwean Heart Rate Variability (HRV) and
Mental “.Loa.d hag been studied by many and proved to be highly
correlated in same casas (Kalsbeek, 1973; Rohmert et al.,.

1973; Zwage, 19731, In the area of mentél load study, bits of
information have been used as a unit to express mental load or the
rate of information processing. The difficulty of manual tasks
.such as "move" task and "position" task can also be expressed by
the use of bits of information as discussed earlier. However, the
relationship between such task difficulty of simultaneous moti:oxms
(expressed in bits) and HRV does not seem tthave been invéstigated
in the past. In this study a task consisting of motions "move

and "position" is used to investigate the simultaneity under

laboratory conditions. Indspendent variables to be included in t:h.er

experiment are angle and task difficulty.

=

L



CEAPTER IT

LITERATURE SURVEY

s

2.1 INTRODUCTION *

The related literature on simultaneous hand motions and

physiclogical measures is documented in‘this Chapter.

2,2 CHARACTERISTICS OF SIMULTANEOUS MOTICNS )

Simultaneous motions are genprally defined as motions l:;egun
and completed at Athe same time, in either a symmetrical ‘or an
asymmetrical “way. -

. It was observed through a £ilm analysis that when tasks are

performed simultaneously, there is a tendency for one of the
hands to limit the other. When two hands tra\.rel different distances,
‘:-.he hand which fravels the shorter distance slows down and the other
hand which travels the longer distance speeds up .such that their time
of travel is almost equivalent. Raphael et al,, (1952) concluded
that, in geperal, motic'vns requiring more control will limit motions
which need the same or a lesser amount of control. Later, Barnes
(19681 found that symmetrical movement of arms tends to bal.aﬁce both
arms, reducing the shock and jar on the body, thus ailowiﬁg the worker
to be able to perform the tasks with less mental and phé{sical effort,

It has\ also been recognized that as the amount of control of c;ne

hand increases, the performance time of the other hand also increases.

The amount of control required to perform such simultaneous motions



is considered to depend upon a worker's biomechanical and visual
controls. Furthermore, each type of control depends upon the
*>

type and degree of the’ 'difi?iculty of the task., The factors considered

to be influencing the difficulty of the tasks involving simultaneocus

- motions are the angle of movements, the separation distance of the

two hands at starting points, and the distance moved, and if a
"position" task is to be executad with width of the targe€ or

%
clearance of fit, T

mé a.ffects of angle om syxmnej:rical similtaneous (SYMT SIMO)
motions were investigated by Barnes and Mundel (195-5‘1.. The results
of a series of experiments indicate that although minimum performance
time occurre_d at 30 degrees from the central reference plane the
least number of mistakes was recorded at zero degrees. They also
indicate that as the angle of the motions decreased, the number of

errors decreased. Hassan and Block (1967) investigated the effacts

.

of separation distance and class of fit in positioning tasks. The

results show that there is a linear relationship between performance

time and separation distance in each class of fit. The results also
in.dicaté. that the perfomance times for similtaneous positioning are
greater than that for one;hand positioning. However, the results of
simultaneous symmetrical positioning experiments using §egs and
pagboards by Niebel, Kassak and ﬁoll (1972) sho‘;' the existence of
an exponential relaticnship between peffonnance' time. and separation

distance.

Ito (1979) compared the performance times of SYM'T SIMO's with

-6



single handed mtions under variocus conditions. ‘His\ resulté show;:
that minimum performance times for single h.anﬂfied motions occur
'between 30 degrees ax_ad 60 degrees from the central reference -plane
in most cases. However, minimum peffonnance times for SYMT SIMO's
occur at 0 degrees in most cases, Sizllgle hand motions require less
visual control .tha.n SYMT SIMO's. 'I‘he:se results indicate that when
the yisual réquirement‘s of a task are vmin‘ixhal , the most efficient
d:‘..rection of arm tﬁcvemants is determined by biomechanical factors,
but when SYMT SIMO's are performed visual requirements are the
predcmi:{ant factors determining optimum cenditions. Therefore it

can be said that in this latter case there is a trade~off between

the speed of moves and the accuracy of the moves.

2.3 HEART RATE AND HEART RATE VARIABILITY

Heart Rate (HR] and Heart Rata Variability (HRV) are often used

to measure the workload of a task. MaCormick (1976) proposed that

every kind of human activity involves scme combination of physioclogical
' . «
processes involving not only with ph.ysical acts but also with mental

.
-

work and nonphysical acts.

Thé Heart Rate differences of a worker at rest and at work,
‘or when he performs different types of work, have been gsed to measure
physical workleoad (Brouha, 19541. Since high correlations have been
obtained between the j nsity of paced physical work and Heart Rate,
it was sugge.sted‘that Heart Rate may be used to rate operator

performance (Young, 19561. 2

Kalsbeek, et al,, (1964) reported that when the Heart Rate of



a man sitting at rest was measured continuously, it was observed
thatl Heart Rate was irreqular (sinus arrythmia) and the Euctuations
could be up to 20 beats per minute. On the other hand when the
subjects were ]_:;erfoming a binary choi;:e-reacticn task, Heart Rate
rose to a certain lewvel and the irreqularity diminished. The_y
al;o found that when subjects we;:'e parforming this type of task,
sinus arrfth;nia was gradually supressed as the rate of
information processing was increased,

Many ‘'workers looked at the relaticnship between mental loéd
and sinus arrythmia under various conditions (sayers, 1973; Rohmert
et al., 1973; Zwaga, 1973; Muldér at al,, 1973; Luczak et al.,, 1973;
Kalsbeek, 1973; Opmeer; 1973). However, there is more than one
method of?xpressi.ng sinus arry'ttnnia in the.literature. Kalsbeek
(1973} mentioned that there are at least 30 different methods of
_scoring. sinus arrythmia and ‘obtaining so=called Heart Rate Variaﬁility
in the literature. ‘ As .a. result of the diversity of approaches, he
was able tc discern that "different scoring methods 1eadlto different
valuas calculated from the same heart :/ra‘.%e data". )

Luczak (1973] compared 8 different formulae pf scoring HRV from
the same HR of 12 subjects performing binary choice tasks. Scme of
the commonly used ERV scoring methods did not show con;iste'nt cha.nges
in the scored values'with the changes in the difficulty of the task. -
One cmnputatiox;:al method of HRV which is thé combination of ‘2 maasures
(J'_hosle being the amplitude. information of HR in the.numerator and the

frequency information of HR in the denominator) was proposed earlier



-

by I;aur:‘.g in 1971, In Luczak's study both terms, numerator and

denominator, were found to be 'significant at a = .05 on "mental
N ‘ _

load™ and HRV score itself was significant at a = .05. The

formula to obtain HRV is given below,

Z(HRi - Pmm) for (mzi - HRi+1) >0

Freq.(((iR, , > KR AR, < TR, DVI(HR, | < rmi)/\(@i > R, )))

The numerator is the,sum of difference of two successive beats when

~ HR is decreasing. The denaminator is the frequency of relative

- . A

maxima and minima.

The effects of "mental load" wnder different p'hysical. load weré
studied. by Boyce (1974}, Ten subjecﬁs were used in mental arithmetic
experiments and their HR's and standard deviations of HR's ‘tq score HRV
were measured, It was reported that HR increased Qhen both physicgl
and mental load were increased., HRV was determined by using standard
deviaticn ahd found to decrease when "mental load" increased; however,
an increase in HRV (which does not agree with the results from others?
studies] was observed when physical load increased. Becﬁuée the
standard deviation was used to score HRV, together with the fact that

a steady increase in HR during the experiment due. to the nature of
. 7 g
the task was expected, seem to explain the above mentioned disagreement.
In 1979, Luczak carried out a series or 2 experiments using the

previcusly mentioned HRV scoring method, "In the first experiment 48

male subjects worked on a binary choice task, The results show that

-9-



the correlations betyeen HR and HRV, physical stress and HR, and
mental stress on HRV are significant. In the second eﬁperiment,
20 femalg subjects performed a multiple choice-freaction task with

5 levels of task difficulty. The task difficulty levels were defined’
. o
-

by the mumber of élternatives to the subjécts, i.e., 2,4,6,8,10,
Sﬁbjects were asked to perform the task in aIS-minute rest=work-
schadulg. The levels of the task difficulty were intentionally not
randomized, but were increased gradually from session to sess£on.

It was cbserved that HR decreased significantly in.dependencq on the
duration of the exberiment and is independent of task difficulty. In other
words it was found that HR decreased as the experiment progressed,
although task difficulty was increased from session to session as

. planned, HRV decreased when task difficulty was increased. It was

also found that HRV in the rest periods increased with the duration

of the esxperiment.

Wierwille (1979} ca&ried out an extensive research on "Physiol;gical
Measures of Aircrew Mental Workload" and found out that same researchers
have found "no systematic relationship between heart rate and task
difficﬁityﬂ .+« no relationship between heart rate variability and
task difficulty”. Mulder (19%31 and Sayérs (1573) used the variance
of inter—be;t—interval and HR, respectively, to score HRV in their
research and found out that HRV is not significant on ?menfal load",

However, through a different approach than that used by previous studies,

€ﬁey found by the use of spectrum analysis that respiration affected

-16-



HR and suggested the use of respira;idn as a measure of "men.tal lo.ad".
Other researchers also found that HRV is affectea bj changes in
respiration’' rate (Hichen et al,, 1980; Hyndman et al, 1974]}, It
seems that there is evidence that HRV is affected by changes in
. respiration rate caused by "mental load". However, Kalsbeek (1973)
has already reported ";s:_l‘.nus arrythmia occurs dﬁring reét, whersas
recorded breathing pattern does not show'marked abnormality",

The definition of "mental load" or the effect being measured
by HR and HRV is somewhat different among researchers. 32Zwaga (1973)
) ffoumi_é'déorée(ée in BR during mental arithmetic tasks o‘vér' time, He

concluded that this is because of a decrease in "mental effort" ovexr
time, H.ynd;nal‘l (1974} agreed with the sﬁggestion made by Kalsbeek
(1964) that sinus arrythmia is a measure of "total mental lcad"

rather than just the load- resulting from the task. Later Kalsbeek

2

(1273] defined sinus arxythmia as "an indicator of the proportional."
occupation-of an Iindividual's single channel capacity during rest
and work". |

.As one can see there are several interpretations“ ;:n sinus
arWa or HRV, However, cne may conclude thé.t sinus arrythmia does
der.“.rease when the mental load which may be vde.manded“by the task an?t
individual is perfommg increase, External stimuii and other
factors 'in the environment may cause an increase in menta]} load
during pexformance of the task. Therefore, it seems .importa.nt to

analyze the task and isolate undesired influences from other sources

than the task (Kalsbeek, 1973). In this sense the use of HRV as a

=11~
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measure of mental ioad on a task under iaboratory conditions may be

validated. -

1

As a final note it is J'.mport‘ant to stress that {;he task in which
the effects of mental load are to be measured should not involve
heavy physical load. Excessive ph.ysical' load would provoke

"unwanted increase in BR during the experiment and would inv;lidate

the. meaning of the data (Luczak, 1979}.

-12- -
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. CHABPTER TIII (

EXPERIMENTAL SET UP

\

#3,1 INTRODUCTION '
Special simultaneous two-handed motion experimental equipment

ar}d perforinance-tilpe recordiné equipmg}wn as physioclogical
stﬁdy equipment are used in ths study. In -this Chapter thase
exparimental apparati are ‘described'and corresponding procedures

L4

for processing performance time and physiological measures are °
explained.

3.2 SIMULTANEOUS TWO-HANDED MOTION EXPERIMENTAL EQUIPMENT

The simultanecus two-handed mption experimental apparatus was
desigmned and built for this st:dy. 'l‘ha ’eq_uipmnt consisted of three
wnits: (1} a SIMO-PIN >1mit; .(2'{ a time-measuring unit andl (3) a
rgcor;iintg' nit (paper tape pﬁnchl. A‘ l-aybut of the SIMO-PIN unit
is shown in Figqure 3.1.

The SlﬁviO-Pm unit congists of a wooden box 1580 mm long, 760 mm
wide, 180 mm high, and the top of the box being 720 mm from the floor, T _

) -
Two 550 mm long X 45 mm wide mechanical units are located in the box.
These mechanical units have two p:l‘.n' sockets each 7 mm in diameter. These
sockets on the near side of the mechanical unit are fixed and the

other two can be moved at any desired distance from the £ixed pin

sockets in“the range of 50 mm to 450 mm. The distances between the .

v St



-

——

(2

< 760

= 280 —>>

1580

Figure 3.1
Exper'imen}:al Layout
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‘fixed pin sockets and movable pin socketz can be varied l,imdependently
so that symmetrical (SYMT) and asymmetrical (ASYM) conditions axe
obtained, Each pin socket has a photoelectric sensor to activate

the time measuring device. There are two switches 25 mm.in diaxﬂeter,_

.
.

50 m away from the fixed pin sockets. On pressing these swiﬁches
two pi\;s each 32 mm long, 6.35 mm in diameter and weighing 8 gra.ms
apiece are pre-positioned in the fixed pin socfcets.

The tim—ma;uring unit measures tha elapsed timel between the
removal of tFe pins from the fixed pin sockets and.t.he insertion
(positioningi" of each pin in the movable pin sockets. For changing
the clearancé between the pins and the pin sock:ats, top covers
having differ?nt size holes are used. The time taken by the left

hand and the right hand is measured simultaneously and punched onto

a paper tape. - '

3.3 THE PERFORMANCE TIME DATA PROCESSING PROCEDURES

Tha pefformance times for the left hand and the right hand
are measured in milliseconds.and these data are sent to the paper
tape punch throqu a specially built interface, Then the d;ta is
- punched onto a pa;er tape in IBM B8-digit code.. The data on the paper
can be transferied ontc computer cards }ater and analyzed on an IEM
379/3031 computer, Graphical representation of the data processing

-

procedures is shown in Figure 3.2

3.4. THE PHYSIOLOGICAL MEASURES PROCESSING PROCEDURES

The subject heart baats are monitored by a Polygraph (Grass

Instrument, Model 7) which equips an EXG Tachograph Pre-Amplifier



SIMO—PIN UNIT }‘

v

- {TIME MEASURING UNIT

INTERFACE

' /
PAPER TAPE PUNGH

|

TAPE/CGARD GONVERSION

IBM/3031

Figure 3.2

Graphical Representation Of Preformance
Time Data Procesaing Procedures
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(Mode 1 'num, four DC Pen Drive Amplifiers (Iwo being used for this
study, Model 7DAF), and a 4-chancel chgrt recorder. ' Three .
Beckman electrodes are attached to ths subject's skin surface <.1nd leads
are connected tb the EKG preamplifier. The potential differences
‘between pairs of points on the skin surface due tec cardiac adtivity
are a:upii‘.fied by the EKG preamplif;er. Then beat=-to-beat (ipter-beat)
Heart Rate (beats/minutel is computed by the tachog.raph.' This HR

data is recorded by tha chaﬂ: recorder in analog form and is
simuitanecusly supplied to a PDP-11/03 digiﬁai copputexr, The )

PDP-11/03 has a l6-channel Analog-to-Digital (A/D) cenverter, and is
capable of real-time processing the HR data at aesired intervals up to
60 times/second, The HR data inpui: to the PD?-—ll/O3 is then digitaized
and each beat-to-beat HR is determined by a computer_ program and
recorded on a magnetic disk. An average HR and a scored HRV are '
-compute‘é ‘f.or. each experimental conditicn for each subject opon
completion of each experimental condition. The HR data recorded on

the disk was subsequently transfer;ed to the IBM/3031 through the

WYLBUR (text editing system]l by a sSpecially writteﬁ program on PDP-1.1/03.

The diagramatical ‘r&gresentation of the procedures are shown in
g toen

Figure 3.3.

-17=
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%

 EKG

¥

PEN DRIVER —5{CHART PEN

** TTACHOGRPH

v

| PEN DRIVER = CHART PEN

GRASS POLYGRAPH |
) PDP-11/03

A/D cm:;mm N ——
CPU < ~ o
D
4,
WYLBUR

IBM 3031

rigure 3.3

Graphical Representation Of Physioclogical
Data Processing Procedures .
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CHAPTER 1V -

THE .DESIGN OF THE EXPERIMENT

4.1 INTRODUCTION
The task en'plo'yeq in this s{:udy, the objectives of the
study, the experimental conditions, the statistical models developed

and the results of pilot studies are described in this Chapter. .

4.2 EXPERIMENTAL TASK '

fn this study each subject is asked to perform a simultaneous
Ftwo-handed task under various condition's. The sgbject is asked to _
sit at the SIMO-PIN unit and not to shift his bocdy or speak during
the experiment. The task to be performed by the subject is shown
diagramatically in Figure 4.1, On ‘hearing an audio signal, the
subject is required to press simultaneously two switches loca£ed near
the end of the experimental unitls using h:'..s index fingers, This
results in activation of the mechanical units that push u?'two pins
in the fixed pin sockets. The subject is required to grasp the pins
and move these gins to the movable-pin sockets and to position (insert)
them in the respective holes of the pin sockets. Approximately two
seconds after completion of the task, the audio signal is given again

o

and the subject performs the next cycle of the task.

-19-



Left Hand Right Hand

WMAIT FOR SIGNAL
PUSH BUTTONS

REACH TO PINS

GRASP PINS
MOVE PINS
POSITION PINS

RELEASE

~ CONTTHUE

Figure4.1 Diagramatic Layout of
Subject's Task:
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4.3 THE OBJECTIVES OF THIS STUDY

. The following are the objectives of this study.
(11 To see if there is any systematic relationship between

the performance time and the factors consfituting the task, i.e.,

2

the angle of hand movements, the distance of hand movements and

lateral clearance, on a horizontal plane. -~

(21 To see if there is any systematic relationship between
the factors constituting the task and the prhysiological measures

of subjects,

4,4 THE RESULTS OF PILOT STUDIES

Two pilot studies were carried out., The first pilot study
was designed to determine appropriate levels of the factors, 'I‘he_
second pilot study was de;.gigned.to discover tl?e relationsfnip between
the fa‘ctors and the peﬁommce time under {1) éynmletrical conditions
and (2] a typé of asymmetrical condition (_symmetric)al -angle and
asymmetrical TD]l, HR of subjects was monitored durii;é the experiments

in the second piYot s'udy.

4.4.1 The Firgt Pilot Study

Four right-hanfled male subjects Between the age of 2lf27 were

-
‘e

used in the first study. The factors investigated in this study were:
(11 subject Si i=1,2,3,4
(2] Distance Dk k=100,150,200,250,300 (mm)

(31 Clearance C l=0.65,2.65,4.65,6.65,8.65,10.65,3;‘2".6.5 {mm}

1
(41 Hand H.m m="right" ,"left",
(5) Angle Aj j=0,15,30,45,60 (degreea) -

~
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4.4,1.1 Statistical Model

Three statistical models using a 3-way classification
were used., ‘Each model inveolved S and H, and A, D or C. The models
aré shown below. )

' - ‘= + + + (8.4 + (3.H), * (A-H)-

PLoom - 5% \rj Hy + (8.4) 4+ (5-H) jm

+ -
(S.A.H)ijm Eijmn

a ) ) + (D.H
Plimn” 5 Tt (5.0}, + (5:H), + (D)
(S.D.H)ikm + Eikmn
= - - + (C.H
S, #5; ¢ 0w Hy +(8.0)y, (5:1), + ?1m
1 . \
(s.c.H)ilm + Biypn

4,4,1.2 Results

The factors, A, D, C were found to be significant at
. ot
o = .05, The results of ANOVA's are shown in Appendix A. A

Duncan's Multiple Range Test was carried out for each factor. The

results are summarized below.

DUNCAN'S FULTIPLE RANGE TEST

-

Variable ;Y {degrees)

Levels o} 15 30 45 60

Grouping -

Variéble o]

levels .65 2.65 4.65 6.65 10.65 12,65 8.65 (mn)
Grouping _—

22—
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Yariable D
Lavels 100 150 200 250 300 (qrm )
Grouping -_

The results of Duncan'fs Multiple Range Test show that for the
factor A,. there is a significant difference Bétweeh the mean performance
time at O degrees and at the other angles, 'The mean performance times
" were significantly d):.f:‘:;rent from each other at all levels except 130 mm
and 250 mm for the factor D. The significance of the mean performance
times, when lateral clearance was varied, was tested at seven levels.

At the .higher levels of hole size, results did not show a significan;

difference, but when the hole size was relatively smaller the factor

showed a significant difference in performance.

4,4.2 The Second Pilot Study

By making use of the results of the first pilot study,

‘ appropriate. leve]is of the factors were chosen. The sécond Filot study.
involved v'arying beth f'actors A and Th., In this sf.udy an’ interaction
Between A and TD was also tested. The study was carried out in two
parts. ‘In part I subjects performed the task simultaneously under
symmetrical conditions and in part II under asynnnet_:l:ica‘l conditions,
those being the asymmetrical distance of move and lateral clearance,

and the symmetrical g;ugle. Eight right~handed male subjects participated‘
in these studies. All of them were unive:.:sity students between the age

.of 20-24 and were paid a minimum wage rate. The only dependent variable

used in these studies was performance time for the limiting harid (greater

Vel
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of two time values]. For part I the following independent variables

were studied:

4
variables

Distance : (60}
lLateral Clearance (c)
Angle (al

The variables used in parft II are:

Variables

. lD:\‘.s'tance. moved by:
.right g'xand (DR)
laft hand . (oL}
Lateral €learance cy

Angle ‘c'>f Moves (Al

-

Levels

15@, 250, 300
0.65, 4,65, 8.65
0, 30, 60

Lavels

250, 350, 150, 150
150, 150, 250, 350
0.65, 4.65, 8.65
0, 30, 60

(rm}
(o }
(degrees)

{m )

(mm )
()

(degrees)

For both studies subjects performed the task 35 times in each

condition.

4,4.,2,1 Statistical Model

A statistical model was developed for each study.

TD's

were caleulated for each of the combinations using the following

relationship, TD = J.og2 (2p/Cl bits. For analyghg the results of

part I the following statistical model was used,

.

PT =p+S, +A, +1TD
i T PP Sp Ay %

I + (A.TDY._ + (S,A.TD],
. jk i

s . 24—~

+ (5.A),, + (S.1D) .
1] 1

J

+
k E

3 ijkn



L

'

0

where

PTijkn MAX IPTRijkn' PTLijknJ
PTR = PT for right hand
PTL = PT for left hand .
1 = average PT
§; = ith subject |
A, = 4th level of angle effect ’
D, = kth level of task difficulty
n = nth observation
Eigkn = expgriﬁentai>error.
The statistic;l model used in part II is:
PTijln = n + Si + Aj + TDLTGl + (S.A)ij
‘ + (S.TDLTGY., + (A.TDLIG)., + (S.A.'I.'DI‘.TG)ij
* Eijin
where
TDLTG = MRX [TDR, TDL] -
TDR = TD for right hand
TDL = TD for left hand.

r

4.4.2.2 Results : : -

Analysis of collected data indicated that a logarithmic

v

 transformation was required before the analysis of variance could|be

carried out, ANOVA for part I and part II are shown in Appendix B,
1

It is observed that the following variables had significant effecés
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upon performance time at ,05 lewvel.

-
IR

Part I Part II

™, A and S TDLTG, A and S.

Duncan's Multiple Range Test {ras. carried out fer each. of the above

variables. The results are shown below.

.

DUNCAN 'S MULTIPLE RANGE TEST

PART I SYMMETRICAL SIMO

e,
RS

Variable . A
Levels 0 3¢ 60 (degrees}
Grouping - —— —_
Variable  TD : o
Levels 5.11 6,01 5.8 6,33 6,74 8,65 9,58 7.23 10,07
Grouping -

DUNCAN'S MULTIPLE RANGE TEST

~ &

PART II ASYMMETRICAL SIMO -w :
Variable A
levels 0 30 60 ' (degrees). .
Grouping - - —_
Variable TD .
Levels 5.85 6.33 .6.74 7.23 9,58 10.07 (Ibits} r
Grouping ‘ |

~26=
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It was observed that as ‘the angle increased mean performance .
time at each level iIncreased .significa_mtly-in both symmetrical and
asymmetrical cases. For the factor TD in the symmetrical case, it

seems that, as the task difficulty increased, PT iqs\reased and in

.the asymmetrical case it is clear that all mean PT's are significantly

Qifferent from each other and that PT increased when TD was increased,

.

-

4.5 HEART RATE

Dur‘ing the experiments the HR of each subject was monitored. For
part I, 'tbe significancc.;. level of factor A was found to be .0542, rand
that of TD was .0893,, Furthermore, a statistical model with A, C and
D was developed and the effects of factors c and D were tested The
results of the: ANOVA :.ndJ.cated that the factor C was not significant

but” the factor D was sz_gm.f:l.cant at a = ,05. A mean HR was computed

for aach. level of ¥actors. It was obse.rved that the mean of HR at

each level was significantly different from all others for both the

-

factors A and D. It was also found that HR increased when the

distance of moves was inéreased and HR decreased when the angle was
. g.

increased. 'I'hese re.sults agree - wz.th the ones in the literature and

seem to J‘.nd:.cate that HR may be used as a measure of the phys:.olog:.cal ‘

cost of such tasks, For part II both factors A and TDLIG were °

instgnificant, but the mean HR's showed similar trends as the results

in part I did. The re:sulﬁs of ANOVA and Duncan's Multiple Range Test

for part I and part: II are found in Mbpendix B, -

a



4.6 SIMULTANEOUS MOTION WITH ASMTREAL ANGILE OF MOVES

" In pilot study #2, the task t-:’u‘.fficulties werg defined for ‘given
angles of 0, 30 and 60C (ﬁegreesl, and, in each case the angle of mox}es
was kept symmet‘ricall. Howevér, simltaneou.s motion with an asymmetrical
angle of moves has not been investigated, ‘ What was intended was a measure
of the physioiogical load cn TD by use of.' HR. However, results shov;ed
that the relationship between physiological load on TD a.nd.HR was not
significant. It was therefore necessary to design a new set of

expei'imeﬁts to find a better method of measuring physiological' load on

TD,  The outline of this new set of experiments is found in section 4.6.1.

4,6.1 Experimental Conditions

-
The following conditions were used:

v

ANGIE (A) for Right Hand AR © ,0. 0 30 30 30 60 60 60 (degrees)
ANGLE (A} for Left Hand AL O 30 60 O 30 60 O 30 60 (degrees)
Resulting TD 5.11, 6.34, 8.85 and 10.07 (Ibits)

D - 150 350 (mm):

. C .65 8,65 (mm).

The study was carried out in two parts, performance time study and

-

physiological study. : . ' "

4.6.2 Performance Time Study . '

Performance time was investigated under the experimental conditions.”’

The statistical model used in this study was:

LY



wijkin ='u+Si+AR‘+AL + TD

3 k 1
+ (S.ARLij + CS.ALLik'+ (s.TDlil
v ' + (.AR.AL).jk + CAR.'mljl + (L.TD), ,
' + CS.AR.AL).'iij (S.AR.TD) ;;; + (S.AL.TDL, .,
+ '(ﬁR.AL.TD).'jkl + (.S.AR.AL.TD)ijkl + Eijkln
where
PTikin = MAX IPTRiypqe PTRigpan?
PTR = PT for right hand
PTL = PT for left h::lndG : - ’
u = average PT
5; = ith lavel of subject i=1,9 i
AR, = jth level of AR j=1,3
= kth level of AL. k=1,3 -
™, .= 1th level of ;o 1=1,4
Eijkln experimental error n=1,30.

The task was replicaﬁed 15 times for each cendition., The model can

be expressed as 9 x 3x 3 x 4 factorial with 15 replications.

.

4.6,3 Physiolocial Study

HR and HRV are used to measure physiological load of the task.
To eliminate individual differences in HR and HRV, a "range correction"
technique proposed by ILuczak (1979) was used. The. formulae are given

below. .
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SHR = (HR - HRminl/(HRmax = HRmin}

where .

SHR = standardized mean HR.

HR = the mean HR in the experimental condition
HRmin = mnin. HR for the subject during the experiments
HRmax = m. HR for the subject during the experiments.

SHRV = (HRV — HRVmin)/{ERVmax - HRVmin)

(Y

whare
SHRV = sténdardized scored HRV
HRV = scored HRV in the axper.iménta;l conditién .
HRVmin = min HRV for the subject during t'he experiments
HRVmax = max HRV for the subject during the experiments.

'
.
'

The SHRV values were then divided by the subject's mean PT for the
experimental condition and a new measure of heart rate variability,
Heart Rate Variability Index (HRVI) was developed. The definition

of the HRVI is given below.

SHRV_ .., (»)
HRVIiij. {(per - unit time)} = J '
mean PT. . (sec}
. ijkl
whare
£ = ith subject
= jth AL

E = kth AR

1 = 1lth TD,
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This new measure of HRV, HRVI provides that relative HRV for the

subject per unit time. The same exper:f.mental conditions in the
performance time study were used since HR and HRVI are measured
throughout the experiments. The statistical models for this study

Il

are shown below.

HRyjpp = M+ S; +AR, + AL+ D,

+ (S.ARlij + (S.AL)ik + (S.TD)il
+ (R.ALL, + (AR.TD) ) + (AL.TO),
+ (_S.AR.ALlijk + (S.AR.TD)ijl + (S.AL.TD)ikl

+ (AR.AL.TPljkl + (S.AR.AL.TD)ijkl + Eijkl o,

where .

B'Rijkl = standardized mean HR
H = constant
Si = ith level of subject i=1,9
ARj = jth level of ARR i=1,3

= kth level of AAL k=1,3
D, = ith level of TD 1=1,4
Eijkl = experimental error.

= \ + .
HRVI, oy uo+ s+ ARj - AL+ TD) .

+ (S.ARlij + (.S.AL}J._k + (S.TD}il

+ (Ag.p.mjk + um.'m)jl + (AL.TD)kl
+ (_S.AR.ALlijk + (S.AR.TD)ijl + (S'AL'TD)iJcl
-+

(AR-AL.TD} o) + (S.AR.AL.TD), o1y + By oy
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e e e e ook

where *

HRVIijkl = hgart ra?e wgi;;;ility index
n . = cénstant
S; = ith level of subject i=1,9
ARj = ‘jth.level of AR j=1,3 - )
- AL, = kth level of AL k=1,3 -
™, = 1th level of TD 1=1,4 '
Eijkl = experiﬁeqtal error ,

The statistical models have one observation per cell. The test
statistics for ANOVA were chosen upon determination of the expected

mean squares,

-



4.7 THE SUBJECTS o
Nine subjectss volunteers for this study are chosen from among
the students of the University of Windsor ‘at the time that the

. ~
experiments are carried out.

To be eligible go participa.éa,in the experiments, each subject
must .satisfy the following conditions;

Q1L to be a Canadian citizen or Landed Imnmigrant

21 to be a right-handed male between the age of 20-26

(31 to have lno physical disability

(4] to have good vision (20/201

GL ' to have knowledge about neither the characteristics of

" simultaneous motions nor the physiological load of the

3

task.,

It is estimated that the experiments take approximately
five hours for a subject. - The subjects aie paid for participating
in the experiments. The basic payment is $25,00, 70 cents per the
experiment condition. This amount is equivalent to an hourly wage.
rate of $5.,00. However, there was a vpenalty for making errors. If
the subject fumbled the pin, he is penalized ten c;znts e:;lcli time.
After the exper:.mengf, a mean performance time for each condition is
computed and if the time value exceeded 1508 of what PMTS's assign,
the subject is penalized 20 cents for the experimental condition. .

To confirm these agreements with the subjects, they aré asked

_to fill out a questionnaire. The form is given in Appendix C.

L)

=33



4.7.1 The Randomization of the Experimental Conditions

To eliminate or balance undesired influences to the experimgnts,
such as boredem, fatigue and the effects of circardian ryythm, the
sequence of the experiments is randomized for each subject. One set
of random numbérs, 1 to 36, has been generated by a computer, 'Thesp
numbers are divided into 9 groups, 4 nuﬁbers in one group. These 9
groups are rﬁtated and randaﬁized by Latin-Square-like randomization’
while 4 numbers in each grﬁup are randomized for each group and each

subject. The results are given in Appendix C.
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CHAPTER V

ANALYSYS, RESULTS AND DISCUSSION

5.1 INTRODUCTION

and physiological measures.

5.2 PERFORMANCE TIME ANALYSIS

5.2.1 Data Analysis

Nine subjects, eéch of them performed the task, using both
hands, twenty times under 36 experimental conditions so that &
total of 12960 data points of performance times was obtained.
The highest performance time, either oé, right hand or left hand
was considered as a simultaneous two-handed performance time.

" After filtering out the errouneous data due to machine error, in
ofder to obtain a balanced désign, 15 observations per condition
for each sugsect were used for statistical analysis. Thua, out
of  the totgl mimber of observations only 4860 were used in the
study. The normality of the perform;nce time data was tested
before #he‘analysis éf variance was carried out. The data
showed a pattern of log-ndrmal distribution. As such a

logarithmic tranaformation was made on the original‘data.

1

5.2.2 Results of Performance Time Analysis

The mean performance times of the fifteen cycles of all the

-35-



-

e;perimental conditions for all the subjgct{ are shown in Table
D.1 éf Appendix D.1. Tﬁe results of the aﬁalysis of variance of
the performance time (PT) and Duncan's Multiple Range Test are
shown in Appendix D.2.

The analysis of variance considering all the main effects
and the interactioniJPf the model (seé 4.6.1) was carried out
first. The model consiatéd of four main effects, six second
oraer interactions, four third order interactions and one fourth
order iﬁteraction. Three insignificaﬁt interaction terms were
determined by the above anlysis of variance: these were pooled
and a new model was developed. This model consiated.of four
main effects, four second order interactions, three third order
interactions and a fourth order interaction.

The analysis of variance (ANOVA) using the new model
indicated that ell the main effects (i.e. S, TD,.AL.and AR) had
siénificant effects upon PT. An interaction férm AL¥*AR was alsor
. found to be significant. The ﬁroposengNOVA model involves both
fixed effects and random effects.“'£ﬁ;?ﬁxpe§te§ Mean Square‘(EMS)
for all the terms in the model was determgﬁéd and ;s_shown in
Appendix D.3. . | :

The percentage contribution of variance component to the mode1~u}
wag calculated for all the terms and is shown in Appendix D.G,‘and
that for the significant effects are summarized in Table S5.1.

As shown in Table 5.1, the highest.percentage confr;bution‘
of variance compbnent'to the model was made by the effect TD

féllowed by the effect S. However, the contribution made by
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Effect ¢ of variance

s 7.29

™ - ' 52.65

AL 1.15

AR ‘ 1.64

* AL*AR 0.35
Table 5.1

Percan%ages of Variance Component of

Significant Effects.
effects AL, AR and the interaction AL™AR to thé model were found
to be relatively small. ’

The results of the Duncan's Multiple Range Test for the
mean performance times (MPT's) of each main effect are
summarized in Table 5.2. fhe MPT's are then re—tréngformed and
shown in ﬁillisecoﬁds. The table shows that the MPT's were not
gignificantly different when TD was equal to 8.85 and 6.33.
However, MPT's at other levels were signifiéantly different from.
each other, and it seems that there is a trend that the MPT was
inereased when the TD increased. The minimum MPT occured when
the TD was smallest (i.e. %,116). For AL and AR, the MPT's were
significantly different fro; each other at each l;vel. The
Maximum MPT's were observed at 60 degrees for both AL and AR.
The minimum MPT's occufed at 0 degrees for both effects. It is

clear that when the angle was w%gened more time-was needed to
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complete the task.

5.2.3 Prediction Model

In order to predict the simuultaneous performanc; time for
the task used in this study, a regression analysis wés carried
out. The model used in the regressionbanalysis consisted of
three main effects, TD, AL and AR, and A first4q 3er
interaction AL®AR. The results ;re given in Appendix D.4 The
results show that the model had & significant level of fit »
(prob.>F = 0.01) and a correlation coefficient of 0.66. Table
5.3 shows a comparison between thé predicted values calculated
by the above menticned modgl.and the ;ctdal mean performance
_time (M?T). An upper confidence limit and a lower confidence
limit (both at & = ¢.05) are calculated for each expérimeétal
condition and are shown in the Table as well.

A series of plots yere drawn %o compare the predicted time

values in this study and those given by some of the available

Predetprmined Motion Time syatems (PMTS‘S); The graphs are.
given.in Figure D.1 to D.9 in Appendix D.5. From the graphsg

it is obsgserved that the valués obtained from PMTS's are, in

moat cases, higher than those obtained by the predietion

‘model developed in this study. It.is also observed that time

values for all the PMTS's do not follow a congistent trend of

increasing &s the-TD increases.
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DUNCAN'S MULTIPLE RANGE TEST

Dependent Variable PT

Variable TD

Levels  5.12 6.34 8.85 10.07 (Ibits)

Grouping
Variahle AL
Tevels - U 20 60 {degrees)
Grouping — = ——-
Variable AR
- Levela 0 30 60 {degrees)

Grouping ——— —-—— —-—

Table 5.2

Duncan's Multiple Range Test For
Performance Time Data




B e e L e P U ——

Y TD AR " AL MPT PREDICTED UPPER. LOWER
| VALUE LIMIT LIMIT
5.116 0. 0. 744. 782. 767. 797.
5.116 0. - 30. 769. 821. 801. 841.
5.116¢ Q. 60. 793. 862. 837. 887.
5.118 30. ., 0. 795. 825. 806. 846.
5.116 30. 30. 830. 851. B23. 880.
5.11@ 30. 60. 860. B78. 841. 9ls6.
5.116 60. 0. 829. 871. - 84s6. 897.
5.116 60. 30. B54. 883. 846. 921.
S5:1le 60. 60. 818. 894, 846. 945.
6.339 0. . 0. 959. 8B62. 845. 880.
6.339 0. 30, 1034. 905. 882. 929.
6.339 0. 60. 1093. 950. 921. | 980.
6.339 30. .0, 1014. 910. 887. - 934.
6.339 - 30. 30. 11l1le. 939. 306. 972.
6.339 -°30. 60, 1103. 868. 926.  1011.
6.339 60. Q. 1030. ° 96l. 932. 991.
6.339 60. 30. 1130. 973. 931., 1017.
6.339_J 60. '60. l122. 986. ‘931, 1044.
8.850 0. Q. 978. . 1054. 1029.. 1080.

. 8.850 0. 30. 1027. 1106. 1075. 1139,
8.850 0. 60. 1117 116l. _ 1122. 1202.
8.850  30. 0. 1060. 1113.  1081. 1146.
8.850  30.  30. 1102. 1147. 1104. 1192.
8.850 30. 60. 1083. 1183, 1128. 1241.
8.850  60. 0. 1llol. 1175. 1135. 121s.
8.850 60. ,30. 1102. 1190. 1135. 1248,
8.850 60. 60. 1089, 1205. 1135.  1280.

10.073 0. 0. 1241. I162. 1133,  1193.

10.073 0. 30. 1241. 1220. 1183.  1258.

10,073 0. 60, 1336. 1281. 1235. 1328.

10,073  30. 0. 1321.  1227. 1190.  1265.

10.073 30, 30. 1264, 1265. 1216. 1317.

"10.073  30.  60. . 1344. 1305.. 1242, 1370.

10.073  60. 0. 1377. 1295. 1249.  1343.

10,073 60.  30. 136l.  1312.  1249. 1378.

10.073 0. 60. 1456. 1329. ~~ 1249.  1414.

T S S . s o S T P e g P S ) o o i S e e

Table 5.3

A Comparison Between The Predicted Values
And The Actual Mean Performance Times

L.

~

e
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5.3 HEART RATE ANALYSIS

5.3.1 Data Analysia

Subject's Heart Rate(HR) was méasured by using the
Polygraph throughout the experiment and was recorded on a
magnetic disk, The con'aputer progran to collect HR dafa, to
store it on the disk éﬁd to compute the-Heart Rate‘..Varia'bilty
(described in later section) is listed in Appendix E.1. Another
c?dputer program wh-ich .lets the PDP 11/03 computer to
communicate with WYLBUR is given in Appendix E.2. The Mean

Heart Rate (MHR) was then cémputed for eath experimental

condition for #ach aub;‘}e.c.:t.‘ In order to eliminate the variation

among‘the subjects, 'range correction' (described in seci;ion

- 4.6.3) was performed on the MHR. From. this the standardised HR
(SHR) was calculated. The reaulrté‘ of the collection are given .
in Table F.1 in ‘Appendix R J

,The results of the analysis of variance uasing the model

.

described” befghre 4.'6.3) are shown in Tabie F.2. . in Appendix F.
The results indicate that two of tgﬂ main’ effects, SUB gr;d‘
TD were significant factors ﬁpop SHR at o=0.05. The
insignificant terms inculding AL and 7&{1 were thén pooled into '
the error term and a I}G‘H’ modei'l.'c_o_naidering onl; ﬁo of the main
effect, SUB and TD was developed. The new model is defined *
below:- .
SHR,, =S, + D + E,-

d J 13" .
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1he results of the anlaysis of variance and Duncdn's

Multiplé:Range Test for the SHR using the new model are g;vén in
Table F.3 in Appendix F. The reéultq of the analysis of
variance indicate that the effects;§UB and TD were significant'
atva~0.05 level. However, the_Duncan's test of means shows the
mean SHR and éD's are not ponsistent.

‘ The mean SHR's for TD-6.3§ and TD=10.07 were found to be
not aignific;ntly different and those for TD=5.12 and TD=8.85
were also foﬁnd to be not significantly differént from ;ach
other. fherefofe it ﬁas\considered necessary to use gome other
measure to-infestigate the characteristics of the SHR. Since
the'TD was calculated from two measures, namely the Distance of
move (DIS).and Clearance of fit_(QLE), it wae decide& to use

these measures in place of TD in the anal&sis of variance. -The

atatistical model employed using DIS and -CLE is defined below:-

SHR, _ = SUB, + DIS + CLE
i 0 P

iop _ .
f'SUB.DIS, +SUB.CLE ,_ + DIS.CLE
z io ip op
+ BUB. DIS.CLE + E
iop - “iop
where : *

SUB, = i th subject
i !

DIS = o th level of DIS. o=1,2°
o] . ~%

CLE = p th level of CLE. p=1,2.

E. = BExperimental ERROR. ' ’
« - iop .
DIS1= 150 mm

© ' DIS2= 350 mm : : ) -
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CLE1= 0:65 mm -

CLB2= 8.65 mm

_ The results of the &nalysis of

the above moael are given in Table F.4. The results show that
the effects SUB and DIS were significant at «=0.05. The
insignificant terms foﬁnd in the analysis of variance was then

pooled and a model' considering only the SUB and DIS was

developed. The new model includes only SUB and DIS and is shown

below:-
SHR . = SUB, + DIS +B .
io i ) io .
The results of the analysis of variance and Duncan's test are

given in Table F.5.

The reéults show that the effect DfS'wés gignificant at o=0.05
and the Duncen's test_indicﬁte that when the DIS was-increased
from 150 mﬁ'to 350 ﬁm, the subjecf.HR increased oéer 10¢ on the

average.

5.4 HEART RATE VARTABILITY INDEX ANALYSIS

" 5.4.1 Data analyais

The He;rt Rate Nariability Index (HRVI) was computed from
the HR ddta stored_on the magnetic disk (dqscribed in 5.3.?)ﬁ
The analysis of variance for the HRVI using the full factorial
model was carried out. The results are given in Appendix G.t.
From the sbove analysis some insignificaqf terms were found.

These ipsignificant terms were then pocled and a new analysis of



) .
variance model was developed. - The new model is defined below:=

HRVI, . .=SUB, + TDj‘+ AL

15170 ARy
+SUB.TD, ; + SUB.AL ) + SUB.AR
By i1

Thé results of the analysis of variance for HRVI using the new
" model are given in Appendix G.é. The resulta show that the

significant variebles, at x=0.05 level were SUB, TD, AL and AR:

The Duncan's Multiple Range Test waé also performed on the HRVI.

data. The results are summarised below.

fDuncan's Multiple Range Test for Dependent Variable HRVI

—
Variable TD

Levels 5.12  6.34 8.85 10.07

Grouping

Variable AL

Levels 0 30 60 {(degrees) . -

Grouping ° —— e -_—

Variable AR

Levels 0 30 60 (degrees)

Grouping

P S——



For the variabie TD, the results show that the mean HRVI'E for
TD=5.12 (Ibits) and TD=6.34 are not signficantly different, and
' alsc thoge for TD=8.85 and TD=10.07 do not differ significantly
‘from each ofhe;. .
It was also found that the mean HRVI's for the variables AL are
not significantly different when AL=Q°and AL=30°fL~For AR, the
resulté indi;ate that mean HRVI's are not significantly
different from each other. All of the above Duncan's tests were
performed with the significant level of of=0.05.
A series of plots fo; thé HRVI's was drawn and is shown in
Figure 5.1. The plots'show that as AL increased from 30°to 60°;
the HBVI decreased. Figure 5.1 shows that the HRVI values for
AL=0° are somewhat higher than those for AL=3C°, but Duncan's
teat has proved that these values'are_not significantl&

diferent.

5.5 DISCUSSION "

From the results of the analysis, some considerétions on
the design of the task which involves simultaneous motions are

o

disscussed here.

5.5.1 The Effects of the Angle

As it was shown that when the task is simultaneously
performed by both the hands, the aﬁgles (i.e. AL and AR) affect

the performance time (PT)‘significanfly. A comparision of the

mear performance times for the task in this study and nredicted values in
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PMTS's is shown in Figure 5.2 . The figure shows tﬁat although
most of the PMTS's (e.g. MTM and BMTS) allow sufficient time
for the task, fhe time values are equal for all the aﬁgles.
Thié means that PMTS's do not aid the designer of such tasks in
chqoéing the optimal directicn.of moves of simultaneous motion.
"Another importantlfiﬁding concerning fhe direction of moves
was indicate& by the HRVI analyais‘i.e..;gs the angle of move
(AL) increased from 30° to 60° the HRVI deé:reased significantly.
It seems that when the angle of move becomes_wider, the increase

in visuel requirement caused an increase in the mental load of

the task.

. 5.5.2 The effects of the Tagsk Difficulty

Frqp the results of the analysis we have le&rnt.that an
increase in the TD of the task yields longer performance time -
aﬁd greater mental load. However, TD was DOtyféund to be a
: preferablg measure f;r thé physical load (eipresaed in subjéct's
heart rate). The dist&nce of move was found to be the better
measure for the physical load. Further, in designing such
tasks, capé must.be taken to incofporate an appropriate level of
hen%al.load. if:the mental load is too low, the subject's
attention is liable to be distracted from the task, resulting in
an error. On the other hand if the méntalxipad is set too high,
then the subject is liable to be more error-prone due to high

task difficulty and could be fatigued néedléssly. Further, this

would result in an unnecessary increase in perfermance time.
P .
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A tomparison of The Mean Performance Times and
Predicted Time Values By Scme of PMIS's
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yigure 5.3 .shows the super-imposition of perceniage
increase in PT with TD and the percentage decrease in
ﬁRVI(incrgase in mental load) with TD. The intersection oflthe
"two lines seems to suggest the value of TD which.cogresponds to

an appropiate level of mental load.

<at
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6.1
a)

b)

¢)

6.2 .
a)’

b)

CHAPTER VI

CONCLUSIONS AND SUGGESTIONS FOR FURTHER STUDIES

.

Performance Time

Performance Time (PT) is shown to increase ‘gignificantly
with task difficulty. This conclusion is based on studies
involvihg both distance and hole sizervariationa.
Performance Time also increases gignificantly with the
angle of motion in fhe range of O to 60 degrees. It is
futher shown that the performance time increases if
asymmetry is iﬁtroduced in the angle mction. It is futher
shown that the interaction effect betwéen the left side
angle and also the right gide angle is significant.

¢
The performance time is shown to increase if asymmetry is

" introduced in the task difficulty.

Heart Rate and Heart Rate Index

The heart‘éate (HR) and heart rate variability index (HRVI)
are shown to be functions of the tésk difficulty both for
the B&mmetrical and the asymmetrical cases. However, the

relatiopnship is found to be non~linear in general.

On the basis of the experimental cbservations, it is felt

that distance rther than task difficulty is’a better
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measure of physical load and hence heart rate will be
affected more by the distance involved than the hole size.

This could explain the non-linear effects observed.

c) In general, it was found that angle (symmetrical or
asymmetrical) did not have any aignificant' effect on the heart
rate.

d) However, HRVI was found to be significantly affected by the

asymmetrical angle for left hand (AL)

Insummary it is concluded that an appropriate level of
mental lcad mey be obtained on.the intersection of PT-TD

and HRVI-TD curves (Figure 5.3).

6.3 ' SUGGESTIONS FOR FURTHER STUDIES
In order to make study more general and applicable ;o
practical situations, the following are the suggesticns for
further studies. -
1. The effect of s;x and age on the p;rformance of the same
task needs to be gtudied.
2. The same experiment, under similar conditions should be
conducted with tasks involving inward hand movemenfs.
3. The smme experiment should be repeated with different
~weight of. pins. .
4. The effect of differené plane anéZes on the performance

of such types of.tasks needs %o be investigated.
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APPENDIX A

The Results of ANOVA for The Pilot Study #
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Variable : Angle

Sourcg df
A C 4
Eaif . 1
AXHAND 4
ERROR 820
TDTAL’ 899

AOus  fer Filot studu i

S8
6204,94
A4462,24
4788.74

300508.04
315947,98

Uariabie ¢+ Distance

Source df
5 2
DISTAMNMCE 4
S¥DISTANCE 8
HANDR 1
SKHAND 2
DISTANCEXHAND 4
. SRIIST%HAND - B
EEROR 87¢
ToTAL : - 899

- 88
38070.15
98028.09
30247.71
15491.95
2349.42
3908,43
18820,91

1B88%6.38
3956813.38

Uzrisble ¢ Clearance

Scurce df
S . 2
CLEARANCE

)
SXCLEARANCE iz
HANTD 1

ERROR 1z
TOTAL 1

S
11954.51
132565.40
75947462
38600.54

1260021,59
1512090.06

%% Sidnificance level .01

%% Significance level .05
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MS
1151.24
4462.24
1197.1%

337 .85

MS

190035.08

24507.02
3780.96
15491.95
1147.81
977.16
2352.61

217.12

MS.
5977.44
22094.23

6328.97

38400.54

1017.78

S.41
13.21
14.18

B7.467

6.48

1741
13,19

5.41
42

- '10,84

5.88
J.49
6+323

37.96

*%
L3

E2 4

¥k

¥x
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APPENDIX B

The Results of ANOVA and Duncan's
for The Pilot Study #2
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SOURCE DF SS F VALUE PR > F
SUB 3 19.36683325 200.01 0.000!
A 2 7.03467378 7.51 0.0233
SuB * A 6 2.81057251 14.5] 0.000I
70 8  36.39196008 18.10 0.000I
. SUB * TD 24 6.03040508 ~1.78 0.0001
A *TD 4 2.19506495 S 2013 - 0.1395
SUB * A ¥ TD (2 3.08993948 7.98 0.0001
ERROR 1740 56. 16010099 "
CORRECTED TOTAL (799 133,0795501 |
ANOVA Table for rhe Pilot Study #2 Part II
" SQURCE DF sS F VALUE PR > F
suB 3 17.67770230 307.65 0. 0001
A 2 8.50915786 40.94 0.0003
suB * A 6 ~0.62338108 5.43 0.0001
TDLTG 5 18.74605595 24.58 0.0001
'suB * TDLTG 15 " 2.28790865 7.96 0. 0001
A * TDLTG 10 0.94988058 0.87 0.5712
SUB * A ¥ TOLTG 30 3.28163933 5.7} 0. 0001
, .
ERROR 2328 44,58982446
CORRECTED TOTAL 2399 96.66575022

ANOVA Table for The Pilot Study #2 Part 1

-60~



l‘

SYMT SIMO
Variable:
Levals:

Grouping:

Vaﬁiable:

. Levels:

Grouping:

Angle (A)
[ 23

Task Diffliculty (TD)

123457869

— oy . — s — —

. ASYMT SIMO '

Variable:
Levels:

Grouping:

Variable:

Levels:

Grouping:

Angle (A}.

123

Task Difficulty
for the |imiting
hand (TDLTG)

146589

e eiate e AL

The Results of Duncan's Multiple Range Test
tor The Pilct Study #2 rart i and Part II
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APPENRDIX C

The Questionnaire Form
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University of Windsor )
Departmenf of Industrial Engineering

Simultaneous Motions Experiment
Questionnaire

@age 1 of 2 (Preliminary Questions)

Circle or fill in yoéur answers. :

1. Are you a canadian citizen or a landed immigrant ? Yes. No.

Please, read the following and sign.

To the best of my knoledge, above answers are allytrue.

X

Date

Pleage hand this sheet to the interviewer once.

63—

2. Are you right-handed ? Yes. No.
3. How old are you ? years old.
4. Do you have any physical disability ? Yes. No.
5. Do you have 20/20 vision ? Yes. No.
6. Are you a student of the University of Windsor 7 Yes. No.
If Yes, please write faculty and year. -
© 7. Are you on any medical treatment now 7 Yes. ¥o..
If Yes, are you taking any of followings ?
(1) antibiotics,
(2) tranquilizer,
(3) stimulants,
(4) anodynes (pain killef). Yes. No.
8. Have you ever had any of following problems or
geen a-do the problem{s) ?
(1) high blood pressure,
(2) respiratory problems,
" (3) heart problems,
(4) circulatory problema,
(5) diabetes,
(6) epilepsy,
(7) psycological problems,
(8) allergic to adheaive tape. Yes. To.



Page 2 of 2.

Please, read the following and signﬁ

The experiment consists of 36 conditions -(sessions} and
takes about 5 (five) thours. There will be a short bresk in
between the sessions ard two 15-mimute breaks during the
experiment. . . . :

I During the experiment you are asked to  performed
two simple and almost identical tasks by both the right

. and -the 1left hands simultaneously. Fach task involves
moving a light metal pin from opne place to another and

dropping it in 8 hole. The dirsction of moving the pin

and the size of the hole will be changed from session to
session. Your performance will be measured and recorded
for each -cycle in each session.

~I In-addition’ to the performance +time, your Heart Rate
(Pulse rate) will also be observed throughout the
experiment. For this purpose, three "electrodes” will be

attached on your chest. When these electrodes are |

attached, it is necessary to remove a part of or all of
your shirt(s) when you are asked to dc so.

III  When you have completed all 36 (thirty-six) sessions, you
will be paid 7 (seventy) cents for a session or $25.2
for 36 gessions. However, there will be two types of
penalty, 1) 1 (ten) cents for dropping the pin outside
the hole and 2) 2. centss for taking too long for the
seasion. The penalty for dropplng the pin will be applied
for each hand each time.

IV~ Sinee the experiment lasts for 5 (f%ve) hours, you have to
choose your "pace" a0 that you are able to maintain the
accuracy and the apeed of performing the tasks through out
the experiment. A practice session 1s provided at the
begining of the experiment and also, at the begining of
sach session, there will be a practice period.

v Lastly, you-may drop out from the experiment anytime, but

" - you will be paid at rate of $3.3 /hr.  but the total will
not be more than $5. .

X
" Date
NAME PHONE #
D ' S.I.N. ]
MAILfm ADDRESS
s +

-64-
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SUBJECT

SEQUENCE

313548672836624255989701539706414021
NNt 8 NN ™ e NN M oM

201895920564806761698437413432517325

qr..75331051024068615162578523924989434
— NANNNAHAM= M M A~ ™ ~ NNAHONNMm

PAB MM =M M T OO U D O M D INHG NI 0N 0O
NANNH - NEHENNH AN 0 NORANOE e e

030668943992864122485716305125457173
N N NN ™ MNHN NN M —M ~t

99816_.....71952243338617436025405452]_608
N AN~ NN~ N MOINM N N~ o0~

969727458650751252442l43181383600936
NAHNNAH MM ™ AT N~ —0T NN

472053265138223949603818110967465754
MAEANSMNY N Nt ™ M =M NN NN

677120682359345479010856312644839251
M N NN N~ ONNE- N e (M ]

.
P

N0 NO N M PINO T~ NO—HNITUNO 0 O~ NI IND
’ 111111111122222222223333333

@
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APPENDIX D.1

' Table D.1 for The Performance Time Study
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TD AL AR

5.116 0 0
5.116 0 30
5.116 0 60
5.116 30 0
5.116 30 30
5.116 30 60
5.116 60 0
5.116 60 30
5.116 60 60

- *
(|
]
m
(o]
(v
(=]

38 30 30
38 30 60
38 60 0
38 60 30
38 60 60
50 00
50 0 30
50 0 60

- »

(e 3 N0 REI R R RUTR U R RG]

8.850 30 30

8:856.30 60
o250 B ¢
8.850 60 S0

8.850 60 60
10.072 0 ©
10.072 0 30
10.072 0 60
10.072 30 ©
10.Q72 30 30
10.072 30 60
10.072 60 ©
10.072 60 30
10.072 60 60

SUB1

786.
880.
886.
966.
1053.
1080.
853,
1100.
893.
913.
1066.
1126.
1213,
1380.
1500.
1120.
1166.
1066.
900.
966.
1133.
1060.
1046.
1053.
1160.
806.
1113,
1160.
1446.
1246.
1053.
880.
1126.
1253.
_1420.
1466.

SUB2

853.
926.
920.
920.
833.
980.
933.
946.
B4C.
1120.
1133.
1153.
1080.
1220.
1120.
173,

1213,

1226.
1013.
1080.
1213.
1060.
1440.
1233,
1186.
1340.
1300.
1433,
1420,
1533.
1293,
1646.
1486.
1493,
1566.
1486.

SUB3

&
666.
753.
800.
720.

913,
880.
726.
820.

766.

893.
886.
©1080.
940.
980.
1120.
1206.
1086.
1106.
893.
1166.
1006.
920.
1006.
1140.
1160.
1006.
960.
1006.
1180.
1366.
1246.
1233.
1233,
1053.
1353.
1526.

SUB4

733.
780,
766.
713.
793.
693.
766.

T3,

760

973.
1000.

966,
1040.
1040.
1040.
1033.
1033.
1033.
1073.
1026.
133.
1100.
1053.
1113.
1086.
1086.
1046.
1200.
1340.
1460.
1306.
1266,
1266,
1366.
1326.
1360.

Table D.1

SUBS
733.
673.
733.
626.
693.
873.
706.
753.
720.
840.

1113,

1093.

1020,

1040.

1186.

1053..

1066.

1166.
913.

- 960.

973.

986.

'960.
1073.
1013.
1006.
1000.
1413.
1340.
1433.
1173.
1286.
1526.
1280.
1313.
1466.

SUB6

833.
886.
960.

853..

820.
973,
926.
980.
1033.
1006.
1020.
1053.
1033.
1473.
1146.
1160.

1186.

1173.
1126.
1246.
1306.
1153.
1266.
1240.

1273..

1253%.
1193.
1360.
1406.
1553.
1393.
1400.
1506.

1673..

1420.
1640.

SUBT

640.
666.
853.
686.
806.
T20.
746.
3.
773.
886.
1040.
" 966.
946.
920.
1026.
1020.
1073.
1106.
920.
966.

1013. .

946.
1080.

980.

960.
1113,

986.
1046.
1233.
1260.
1193.
1233.
1540.
1273.
1266.
1286.

| suBg
653.
720.

700.
693.
766.
673,
713,
760.
T46.
880.
853.
726.

.| 940. -
866.
993.
973.
< 980.
11864 1033.
1006. 953.
1160/ 966.
1060, 1066.
1033L  gss.
1066. 1000.
1086. 1000.
1100} 1113.
1120. 1013,
1180. 1020.
1333. 1213,
1473. 1053,
1340. 1200.
1246. 1266.
1286. 1146.
1366. 1200.
1426. 1200.
1273. 1160,
1433.

1433.

The Mean Performance Times of The Fifteen Cycles of

All The Experimental Conditions for All The Subject

_67_
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che results ef The Analysia of Variance of The
- Performance ‘vime and Duncan's Multiple Range Test
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1 STATISTICAL ANALYSIS SYST i
.~ 5:50 WEDNESDAY, - JUNE 3ayM1982 B
NOTE: THE JOB PT HAS BEEN RUN UNDER RELEASE 79.5 OF SAS

EA B
sz;z UNIVERSITY OF WINDSOR (00666). : e 3
NOTE: SAS OPTIONS SPECIFIED ARE: , P ' :
LS=65 - ) Pt . .

‘+

DATA: . ' 7
INPUT SHDTN sug AL AR DIS CLE;

.\

N BIRIRINIY N = = i A0 00~ I s Lo -

ULk CWO~Ianh O
[
]
[y
*

~

LY R T

T e
xy Fig g Py Py vy
' nwununn
ac [=]
om
mm
KOO0

CInene s we s wa

[ e R

(o]
el
H
147}

731
c
w3 <
ou
=m i N
Lt
o
[#]w]
o
r-]’-l"‘
joofs i N
I'Jt'b-—
22
o0
o ofeod
HH
16,175 ]
I H
o
QO
[2]7]
}
C |
L
\\\\‘/ .

HEN PT=L;
HEN PT=R;’

~e 313

DROP I X L R;
CARDS; .

NOTE: SAS WENT TO A NEW LINE WHEN INPUT STATEMENT
ACHEDPAST THE END OF A LINE.
5D TRKS T WORK.DATAL HAS 4860 OBSERVATIONS AND 9 VARIABLES.

E: THE DATA STATEMENT USED 5 31 SECONDS AND;;GOK.
PROC ANOVA;

CLASSES SUB T AL
MODEL PT=SUBﬂTDﬂALﬂAk .

2z
o0
e s |
m
E
H
>

TEST H=TD*AL E=SUB* D*AL;

TEST H=TD*AR E=SUB*TD*AR; @ .
TEST:H=AL*AR E=SUB*A i .
TEST® H=TD*AL*AR E= SUB*TD AL*AR- : ;
MEANS TD AL AR/DUNCAN : !

NOTE: THE gROCEDURE ANOQVA - USED 30.72 SECONDS AND 204K . i
RINTED PAGES 1l T0 :

st et s et e e et ZH
L Ll LW L Ll Lt
[RINRIRISINISTSIS] ST 8
BI=O OO~ Uk Lah

!

o]

w0

H

.'I:

Il

:I’

:rJ

tl:l

[]

wn

C:

*

b 22

333 PROC sonT--w-*: . :-'“' . B o
334 BY SUB . . ) . )
?{E: DATA SET WORK. DATAl HAS 4860 OBSERVATIONS AND 9 'UARIABLES. .
OTE: Téz "PROCEDURE . soam_ussn 3 29 SECONDS .AND 282K. ° . . @
335 PROC ANOVA} .* - o an Lo

336 CLASSES TD AL"AR; * .° : '

33% MODEL pTuTDuALuAﬁ \

-69-
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STATIS=I"':C-A'L ANALYSTS SYST..E‘.M
;"'»' ) 5:50 WEDNESDAY, JUNE 30, 198%T
ANALYSIS OF VARIANCE PROCEDURE’ '
CLASS LEVEL INFORMATION

CLASS LEVELS VALUES

D

. SUB 9 123456789
g 10.0727 5.116119 6.338511 8.850307
AL o3 0 30 60 '
AR 3 0 30 60

NUMBER OF OBSERVATIONS If‘l ;?TA SET = 4860

¢

+



¥

i ) . ' . AR . -~

STATISTICAL ANA STS SYSTEM 2
‘ . §.%o wéouasnay, JUNE 30, 1982
. ANALYSIS OF VARIANCE PROCEDURE .
DEPENDENT VARIABLE: PT
SOURCE ' DF SUM OF SQUARES MEAN SQUARE
MODEL  * ' 323 217.75549572 0.67416562
ERROR " 4536 75.23522660 0.01658625
CORRECTED TOTAL 4859 292.99072232 '
MODEL F = ‘ 40.65 ' PR > F = 0.0001
R-SQUARE _ c.V. STD DEV PT MEAN
- ) 4
0.743216 1.8544 0.12878761 6.94481240
SOURCE DF ANOVA SS F VALUE PR > F
SUB 8 24.79887361 186.89 o.oooi.
D 3 15%.39362623 3042.55 0.000
SUB*TD 2 -94088717 22.46 .o.oooi
2 3.057117320 92.16 0.000
SUB*AL 16 1.15561770 4.35 0.0001
*aT, g 1.33813821 13.55  0.0001
SUB*TD*AL 4 5.73375658 7.20 - 0.0004
2 4.3616587% 131.48 0.
SUB*AR 16 1.7087734 6.44  0.0001
TD*AR 6 0.63095243 6.34 0.0001
‘SUB*TD*AR 4 3.28935723 4.14 °'°88f
- AL*AR 4 0.82208812 12.39 0.0
- SUB*AL*AR _ 32 1.77049006 3.34 0.0001
TD*AL*AR i2 0.76353835 3.84 0.0001
SUB*TD*AL*AR 36 7.9706206% 5.01 0.0001
TESTS QF HYPOTHESES USING THE ANOVA MS FOR SUB*TD -
A3°AN ERROR TERM - .
N .
SOURCE DF ANOVA SS F VALUE PR >.F
" TD 3 . 151.39362623 135.46 0.0001
TESTS OF aypowassgs USING THE ANOVA MS FOR SUB*AL
AS AN ERROR TERM |
SOURCE ’ DF ANOVA SS ' .F VALUE PR > F
AL 2 3.05711720 21.16 0.0001
TESTS OF HYPOTHESES USING "THE ANOVA MS FOR SUB*AR
AS AN ERROR' TERM
SOURCE . DF  : ANOVA SS F VALUE PR > F
AR . . 2 _ 4.36165871. 20.42  0.0001
TESTS OF HYPOTHESES USING THE ANOVA MS FOR SUB*TD*AL
AS AN ERROR TERM
SOURCE . . . F Augyn?ss F VALUE PR'> F
TD*AL ' 6 . 1.34413821 « 1.88

0.10135



STATISTICAL ANALYSIS SYSTEM “3
5:50 WEDNESDAY, JUNE 30, 198
ANALYSIS OF VARIANCE PROCEDURE
DEPENDENT VARIABLE: PT :

»

-

TESTS OF HYPOTHESES USING THE ANOVA MS FOR SUB*TD*AR
AS AN ERROR TERM . :

SOUR | DF . " ANOVA S§ F VALUE PR > .F
TD*AR . 6 , 0.63095243 1.53.« 0.1888

U Y

TESTS OF HYPOTHESES USING THE ANOVA MS FOR SUB*AL*Aﬁ
AS AN ERROR TERM

SOURCE _ . DF ANQVA SS F VALUE PR > F !
AL*AR ' 4 0.82208812 3.71  0.0136

TESTS OF HYPOTHESES USING THE ANOVA MS FOR SUB*TD*AL*AR

et A At L

AS AN ERROR, TERM : o
SOURCE _’ "DF ' ANOVA SS F VALUE PR > F
TD*AL*AR 12 0.76353835 0.77 0.683)°
- . / i -
bad 8

L=T2- : . l



SSTATISTICAL ANALYSTIS SYSTEM
B * B d05wEDNESDRY . SUNE 3b,:1935
ANALYSIS OF VARIANCE PROCEDURE

DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE PT

— -
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

ALPHA LEVEL=.05 DF=4536  MS=.0165862
GROUPING MEAN N TD*
A 7.177243 1215 10.0727
g 6.961866 1215 8.850307
B 6.960014 1215 6.338511
c

6.680127 1215 5.116119

-T3- _;// L ‘




STATISTICAL ANALYSTIS

S Y
5:50 WEDNESDAY,

 ANALYSIS OF VARIANCE PROCEDURE
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE PT

STEM -
JUNE 30, 1983

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

ALPHA LEVEL=.05 DF=4536 MS=.0165862
GROUPING MEAN N
A  6.974861 1620
B 6.946108 1620

o 6.913468

[y

5

1620

AL

60
30
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S'TATISTICAL ANALYSIS SYSTLE

' e - 5:50 WEDNESDAY, JUNE 3%, 1989
ANALYSIS OF VARIANCE PROCEDURE
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE PT

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

ALPHA LEVEL=.05 DF=4536 MS=.0165862
! . S
GROUPING | MEAN N AR
A 6.977958 1620 60
B - . 6.951092 . 1620 30
¢ 6.905387 1620 0
] R ~
Q L
1]
A .




STATIST*ICAL ANAL

CLASS

TD
AL
AR

.~

YSIS SYSTEM
5:50 WEDNESDAY, JUNE 30,
SuB=1

ANALYSIS OF VARIANCE PROCEDURE
. CLASS LEVEL INFORMATION
LEVELS  VALUE

4 10.0727 5.116119

.3385Y1 8.850307

NUMBER OF OBSERVATIONS IN BY GROUP = 540 |

=T6=

1982




1 STATISTICAL ANA b Y eSrkeSony® Yoyt
r

NOTE: THE JOB PT HAS BEEN RUN UNDER RELEASE 73.5 OF SAS
AT THE UNIVERSITY OF WINDSOR (00666).

NOTE: SAS OPTIONS SPECIFIED ARE:
LS=65

1 : .
2 INPUT CNDTN SUB AL AR DIS CLE;
2 X=2. DISéCLE:
. TD=LOG2£ Vs
: " BRI,
I
g ‘ R=R9100.0;
L=L*100.0;: g
% IF L GE R THEN PT=L; .
0 IF L LT R THEN PT=R;
il PT=LOG(PT);
2 OUTPUT;
13 END;
13 DROP I X L R;
15 CARDS; .

NOTE SAS WENT TO A NEW LINE WHEN INPUT STATEMENT
CHED PAST THE END OF

2% M1982

REA NE.
NOTE DATA SET WORK.DATA1l HAS 486 OBSERVATIONS AND 8 VARIABLES:

191 OBS
NOTE: T E DATA STATEMENT USED S5.24 ssconns AND 160K.
i312 PROC ANOVA;
313 GLASSES SUB TD AL AR; .

i3i4 MODEL, PT = SUB TD AL A

5 . SUB*TD SUB*AL SUB*AR AL*AR
igie SUB*AL*AR

7 SUB*TD*AL
1318 SUB*TD*AR
1319 - SUB*TD*AL*AR;
1g%g TEST H=TD E=SUB*TD;

TEST H=AL E=SUB*AL

1322 TEST H=AR E= SUB*AR-
1323 TEST H=AL*AR UB*AL*AR; %
1324 MEANS TD AL AR AL AR / DﬂNCAN' :
NOTE

: THE PROCEDURE ANQVA USED 31.63 SECONDS AND 200K
. AND PRINTED PAGES 1 TO 6.

NOTE: SAS INSTITUTE INC.
SAS CIRCLE
BOX 8000
CARY, N.C. 27511

[\

RN PRI



STATISTICAL

CLASS
SUB
el
AL
AR

ANALYSIS S¥Y
6:16 TUESDAY, JU

W
ANALYSIS OF VARIANCE PROCEDURE
CLASS LEVEL INFORMATION
LEVELS  VALUES

9 1234567829 o

4 ' 10.0727 5.116119 6.338511 8.850307
3 0-30 60 N

3 0 30 60 ™

\

NUMBER OF OBSERVATIONS IN DATA SET = 4860

S TE

M
LY 20, 198

e,

~y

-

1

PRI N,



STATISTICAL ANALY S

'DEPENDENT VARIABLE: PT

SOURCE ~DF SUM OF SQUARES
MODEL | 323 217.75549572
ERROR 4536 75.23522660
CORRECTED TOTAL 4859 292.99072232
MODEL F = 40.65
R-SQUARE c.v. STD DEV
0.743216 1.8544 0.12878761
SOURCE , DF .. ANOVA SS
sug - . ©, 8. 24.79887361
TD R 3 151.39362623
AL 3 3.0571;320
AR -2 4.36165871
SUB*TD 2 8.34088717
SUB*AL 16 - 1.15561770
SUB*AR 16 170877348
AL*AR 4 0.8220881
SUB*AL*AR 32 1.77049006
SUB*TD*AL _ 54 7.08189480
SUB*TD*AR 54 3.93030966
108 8.73415900

SUB*TD*AL*AR

&
P

LY

S 1I . SYSTEM 2 -
G:lG‘TUESDAY, JUuLY 20, 1982
ANALYSIS OF VARIANCE PROCEDURE

MEAN SQUARE
0.67416562
0.01658625 -

LN

PR > F = 0.0001

PT MEAN

TESTS OF HYPOEHESES USING THE ANCVA MS FOR SUB*TD

AS AN ERROR TERM.
SOURCE ' DF * ANOVA SS
TD ‘ 3

151.39362623 -

TESTS OF HYPOTHESES USING THE ANOVA MS FOR SUB*AL

AS AN ERROR TERM

SOURCE _ DF ANOVA S5
AL . -2 3.05711720

TESTS OF HYPOTHESES USING THE ANOVA MS FOR SUB*AR

AS AN ERROR TERM
SOQURCE DF
AR : 2

_ANOVA ss
4.36165871

6.94481240

F VALUE- PR > F

. 186.89 = 0.0001

3042.55 0.0001

92.%6 °'°8°i

131.48 0.000

27.46 _0.8001

4.33 0.0001

13:48  3:888%

. 3.34 0.0001

: 7.91 0.0001

4.39  0.0001

4.88  0.0001

. F VALUE PR > F
N

135.46  0.0001

‘F VALUE PR > F

21.16  0.0001

F VALUE PR > F

20.42 0.0001
"

TESTS OF HYPOTHESES USING THE ANOVA MS* FOR SUB*AL*AR

AS AN ERROR TERM. )
"SOURCE _ DF
AL*AR - 4

ANOVA SS
0.82208812

- '79_ %

F VALUE PR > F

3.7F  0.0136 '
.



STATTI S TICAL

ANALYSIS OF VARIANCE PROCEDURE ‘
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE PT h}

ANA L E iﬁ TUESDAY, gUT

Ly"20, 1933

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

Ms=.obg§asz

ALPHA LEVEL=.05 " DF=4536
GROUPING " Y MEAN
A o 7.177243
y - B 6.961866“
B 6.960014
c

-80-

6.680127 ..

N
1215
1215
1215
1215

D
10,0727

8.850307
6.338511
5.116119




%
SsTATISTICAL ANALYSIS SYSTEM
. %36 r0es DAY Subyt20, 1983
ANALYSIS OF VARIANCE PROCEDURE ,
DUNCAN 'S, MULTIPLE RANGE TEST FOR VARIABLE PT

o+

MEANS WITH 'THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

ALPHA LEVEL=.05 . DF=4536 MS=.0165862 "
‘ . ) ( DR
GROUPING ““MEAN®* © N AL
A 6.974861 1620 60
B * 6.946108 1620 30 . )
c 6.913468 1620 0
’ ) S
\‘ . J‘
- .
i )
}' ) .
" l ) -
! o
' "
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ST ATTI s PTICAL AN ALY s S Y8
. 6: 16 TUESDAY, JULY 20, 1983
‘ ANALYSIS OF VARIANCE PROCEDURE

- DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE PT

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

 ALPHA LEVEL=.05 DF=4536 ~ MS=, 0155352
\ . - * N
. GROUPING , . *MEAN N AR
' 'Q oA 6.977958 1620 60
- B B © 6.951092 1620 30
- - c 'txy ., 6.905387 1620 O
, . J
’ iy ' r-.\ M
.6 . ,
1 h ¥
"
D - )
g {J
e, '
A TN &
N
-62- - N
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ANAL
ANALYSIS OF VARIANCE PROCEDURE

STATISTICAL.

MEANS

BT

AR

"¢ AL

O AN NG
e OO M
O~ ~OMOc

- DM

M~ N RN O
<M run g
[Tala [Tale ilgleellalpoles]
WRAORRNNDN

WVWOODIDOOOW
!

[alalolelolotolole
< e Y <
N INLNLALAENN

o0 o9 0o
OMPOMOO MO

4,

R =l=l=l=1=]=)
CCOMMENODWD

b
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APPENDIX D.3 .

the sxpected Mean Square for The aAnalysis.of Variance

Model with All The Interaction Termes.
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. lsvB -0 AL AR E
SOURCE 9 4.3 3 15| . RS,
| ‘ # F F F R
. J 11 3 & 1 -m ;
-'. \
. . . - -
(SUB) 143 3 15 | G4540-Gam
. - ) . Ca
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(SUB.TD)ij = - 1 303 15 | G*35-Curo
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o
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APPENDIX D.4 ' - _ :

¥
The tesults of Thr regression Analigis for The
-‘Simultaneous Performance Time When The Task

vifficulty Is Symmetrical and The Angle ik
Aeymmetrical i
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YSI1IS SYSTEM
18" TUESDAY, JULY 27, 1982
2?53'79.5 OF SAS

1 STATISTICAL _ANAL
. S . 5.
'NOTE: THE JOB PTB HAS BEEN. RUN UNDER REL
AT THE UNIVERSITY OF WINDSOR (0066
NOTE: SAS OPTIONS SPECIFIED ARE:
LS=65." "~

1 DATA ;
% INPUT CND;N SU%LAL AR DIS CLE;
3 ) TD=LOG2 Vs
5 RETAIN SUB AL AR DIS CLE TD;
g D0 INBUT R T ee; |
8. R;Rgfoo g;
9 L=L*100.0%
i0 IF L GE R’'THEN PT=L;
'i% IF L LT R THEN PT=R;:
PT= LOG(PT) :
13 ‘ OUTPUT;.
14 END;: e
i%' DROP [ X L R;
CARDS:

NOTE: SAS WENT TO A NEW LINE WHEN INPUT STATEMENT
ACHED PAST THE

"REA INE.
OTE: DATA SET WORK. DATAl HAS 4860 OBSERVATIONS AND 8 VARIABLES.
191 OBS /TRK

NOTE: THE DATA STATEMEVT USED 5.86 SECONDS AND '160K.

1313 PROC GLM;
1314 . MODEL PT = TD AL AR AL*AR;

NOTE: THE PROCEDURE GLM_ USED 11.68 SECONDS AND 182K
‘ AND PRINTED PAGE 1.

NOTE: SAS INSTITUTE INC. P
SAS CIRCLE
BOX 8000 : .
CARY, N.C. 27511



STATISTICAL

DEPENDENT VARIABLE: PT

SOURCE +:
MODEL
" ERROR

CORRECTED TOTAL "

MOBEL F =

R-SQUARE
0.436554

SOURCE -

SOURCE

TD -
AL

AR
AL*AR

PARAMETER
INTERCEPT -
TD

AL

AR

AL*AR

-

DF

4

4855
._5859

940.40

C.v.

2.6552.

DF

e i

D

]

P

ESTIMATE

. 6.25284998
0.07995139%
0.00161646
0.00180274 -

-1.9774321E-05

[
ANALY-

SUM OF SQUARES

127.90619797
165.08452435
292.99072232

0.0001

STD DEV PT MEAN

0.18439900 6.94481240

_ TYPE I S5 F VALUE PR > F

119.90319971  3526.25 0.0001

3.05303555 8§9.7%  0.0001

426582755 125.45  0.0001

0.68413517 - 20.12  0.0001

TYPE IV SS F VALUE PR > F
119.90319971  3526.25 0,000l .

“3.04772548 89.63  0.0001

3.79063007 111.48 0.0001

0.68413517 20.12  0.0001

T FOR HO: PR > {TY STD ERROR OF

PARAMETER=0 ESTIMATE

513.50 0.0001 0.01217697

59.38 0.0001 0.00134638

"9.47 0.0001 0.00017074

10.56 0.0001 0.00017074

-4.49 0.0001 . 0.00000441

-88-

SIS SYSTEM 1
0:18 TUESDAY, JULY 27, 1982
GENERAL LINEAR MODELS PROCEDURE

¥

MEAN SQUARE
31.97654949
1 0.03400299

PR > F =



APPEFDIX D.5 '~
v . T
Figures for Comparing The Predicted Valiues in this
Study and Those Given by FMTS's

1

Fiéure ' AL 'AR (degrees)
DA 0 0 B
D.2 30 - 30 J
D.3 60 . 60 ‘
D-4 a 30 O
D.5 0 30 -
D.6 0 30 °
D.7 60 30
D.8 0 60"
D.9 30 60
£
- LY
A,
P
- (
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ANGLE
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" APPENDIX D.6

The Percentage Contribution of Variance
Component to the Model
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"Percentage Variance

Main Effects

SUB 47,29
TD 52.65
AL 1.14
AR 1.64
Subtotal 62.72
Second Order Interactions
TD. AL 0.33.
TD.AR 0.11
AL.AR 0.36
SUB.AL 0.39
SUB.AR 0.64
SUB.TD 3.37
Subtotal 5.20
Third Order Interactins
SUB.TD.AL 1.48
- SUB.TD.AR 2.92
SUB.AL.AR 0.82
"TD.AL.AR 0.01
Subtotal 5.23

Fourth Order interac%ion'and

SUB.TD.AL.AR

error term

5.66

ERROR 21.19
Subtotal 26.85
TOTAL 100.00
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APPENDIX E.1{

The Computer Program to Collect HR Data, To Store
It on The Magnetic Disk and To compute The HRV
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V02.5-2  Thu 10-Jun-82 16:38:17

INTEGER*2 IHR(2, 1000) ITEMS(13)
IOGICAL*]. COND(6)

REAL*4. [HR,LVOLT, MHR MVOLT LS, mzv(4 99)
COMMON  UHR, UVOLT, LHR MVOLT, THR, OOND
*ITICK, IREP, ICOND, T FI_AGI LS, US ﬁER TTEMS, HR

*ICHHR, ICHSE‘.. ICHST ICHPR ICH.'RE ICH?ID LUNCRT umpm
CALL StaRp S

CALL LOCP IBEAT)
CALL QUTPUT (IBEAT)
T 1

. END

-102~



FORTRAN IV

0001

0Cc02
0003

0005

828 WRITE
a3

§.¢.

o

840
841

: CALL ISTO

o+
V02.5-2  Thu 10-Jun~82 16:38:50 : PAGE

SUBROUTINE OUTPUT (IBREAT)
INTEGER*2 THR(2,1000), nnms(13) YESNO2

LOGTCAL*L COND

LHR LVOLT, MR, MVOLT, LS, HRV( 4

*oamwmﬂ -UVOLT, LER, LR, LVOLT, MER, MUOLE, T + QOND,

ITICK,IREP ICOND, IFLAGL, LS, US, ZERO, YTEMS, HR

IC}EﬂR IGis § , ICHPR, ICHRE, ICHED, LUNCéT,LﬂNPRN
IBE¥£

r

CALL IED(AM2 IBEA’I‘

%UNC?T ,830) .
LFORMAT THERE ANY CHANGES IN INPUT-DATA SPEC ?°,

YES NO>
IF(YESNOZ(LUNCR[‘)) 828,690,840

ggzi ISPECB(I?ONT T& 42 .

ISPEC

-

ZT %?DRLIBRATION NECESARRY 2 <YES NO» /)
IF(YESDXH( UNCRT) ) 842,690,844

) END

-103-
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FORTRAN IV V02.5-2 Thu 10~Jun-82 16:38:27 . PAGE 001
0001 _ START ~
0002 m'rmm*z IHR(2 1000), ITEMS({13), YESNO2, ANS, YESNO
0003 LOGICAL*]l COND(6)
0005 By T e R 422, conp

*ITICK, IREP, ICOND, IFTAGI, IS, US, ZERO, TTEMS, HRV,

*TCHHR, ICHSE, ICHST, ICHPR, ICHRE, ICHED, LUNCRT, LUNPRN
2003 Sres oo
0008 100 FORMAT? '/’ HR AND HRV DATA-SAMPLING PROGRAM'/)
Q009 500 TYPE 1000
88}? 1000 FCRMAT(' DoA;fIgU NEED ANY HELP ? <TYPE YES OR. NO>'/)
0012 IF(ANS ) 500,600,510 |IF YES FOOL-PROOF-MODE ENARLE
0013 510 CALL INTRDO
0014 CALL INTROL .
0015 TFOOL=1
0016 621 CALL YESNO(ANS) _
0018 630 TYPE 121 ,
0019 121 EORIZ?}‘} ! 4;: ASSISN LOGICAL UNIT NUMBERS TCQ THE DEVICES. '/

LA ' BYE BYE' ,
0020 STO ' : .
Q021 G20 TYPE 122 -
0022 122 FORMAT(' TRY AGAIN !')-
0023 @ TO 621
0024 60C IFOO _
o052 129 mﬁﬁm 00)
0027 ‘ IF{I L.EQ.bJS GO m 202
0029 CALL, INTRO
Q030 202 CALL ISPECl
0031 warr&:&gm 204) ,
0032 204 FORMAT D0 YOU WANT TO VERIFY THE SPECIFICATION ?

' <YES OR NO

0033 IF(YESNO2(LUERT;) 202,212,214
0034 214 CALL ISPEC2
0035 CALL ISP]-I:3(ICONT K)
0036 IF{ICONT.EQ.0) GO TO 212
8833 C‘AIL IgPECdl(K
0040 212 IE‘(IFOOL EQ 0) GO '}*o 300 -
0042
o4z %0 xm 0) GO TO 690 '
0046 | m’mgg( &NC ?o \/
0047 690 .
0048 ‘

=104~



690
691

- 692

693
694
695
697
700

' V02.5-2  Thu 10-~Jun-82 16:39:06 PAGE 001

SUBROUTINE IFILE

INTEGER*2 IHR(2,1000),ITEMS(13),YESNO2
LOGICAL*] COND(6), EXTENT(4

REAL*4 LHR,IVOLT,MHR, MVOLT,LS,HRV(4,99)

COMMDN _UHR, UVOLT, LER, LVOLT, MHR, MVOLT, xmz,cmn,
*TTICK, IREP, ICOND, IFLAGL, IS, US, 2E

1S, HRV,

*ICHHR, ICHSE, ICHST, IC[;IPR I " TCHED, LUNCRT , LUNPRH

m.TA 1 Dl Al l

WRITE ,691)

FORMA SUBJECT NUMBER ? <"I2">'/)
(Lmzxglnr ,692) (COND(I) 1=2,3)

wnrmi

FORMAT (" ;9[ RUN <CONDITION> NUMBER ? < UP TO 3 LETTERS>'/)

READ(LUNCRT,694) (COND(I},I=4,6)
FORMA T(3A)

{,I(Um;yr 695) (CnND(Igi'I—l /6), (mmdﬂ} ,J=1,4)
WRITE(LUNCZT 697

CORRECT ?2'
IF(YESNOZ( mcnrnimsge 6§0 700 T ?'/)
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FORTRAN IV~ V02.5-2  Thu 10-Jun-82 16:39:22 © PAGE 001

0001 ~ SUBROUTINE CALSEC

0002 LOGICAL*1 COND(6) :

0083 INI'EgER*z THR(2,1000), rrms(m) YESNO2 ‘

0004 , LOHALF, IOWER, LER, LVOLT , MER, MVOLT HRV(4,99)
0005 CGMMDN UHR UVOLT, LER, LYOLT , MER, MUOLT, THR, QOND,

*ITICK, IREP, ICOND IFLAGL, LS ,US, , HRV,
*ICI-IHR IG-ISE IC'rIST ICHPR, ICHRE, ICHED LUNCRT, LUNPRN

0007 RITS (LN
10008 131 —{'ORMAT(' W/ms'm LgTowmrERIONS CAL}?RATION /
0009 WRITEI LUNCRT. }32)IBE:LL ,
0010 132 FORMAT(* ',AL/' SET TACH SCALE SWITCH TO THE CENTER')
0011 21 WRITE(LUNCRI‘ 133)
o D)) 5r25 3y YES RN~ ¥
0014 23 WR_{ ( R‘f :
0015 20 mm@:r 11 /)
0016 ZERO
018 24 ARRT, 14T
0019 134 I( }?ém' TACH SCALE SWITCH TO -2M.')
Q020 25 L R'I‘ 133 }
0021 } 25,24,26 . -
0022 26 L
0023 CHHR) :
88%% 28 gm:m' 5)
88%9} %%5 FORMA! I( (S 23 ?E.T TACH 'SCALE SWITCH TO +2CM.')
0028 IE‘( 2(LUNCR}‘ y 27,28,29 '
0029 29 WRITE(LUNCRT,Z2
883? CALL (UPPElfj(IiSIIHR)
0032 136 FORMAT(' CALTBRATION COMPLETED' /)
- 0033 UPHALF=UPPER~ZERD
0034 mmmer_mm—zx)-:ﬁo
0035 SCALE={UHR-LHR)/2.0
0036 IF(UPHALF.NE.0Q.0) GO TO 200
0038 - Us=0.0
0039 @ TO 219
Q 200 US=SCALE/UPHALF

0041 210 IF(LOHALF.NE.0.0) GO TO 220
Q04 1S=0.0

Q044 X T 239

0045. 220 LS=SCALE/ICHALF . -
0046 230 RETURN

047 END

-7
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FORTRAM IV

0001
0c02

V02.5=2 Thu 10-Jun-82 16:39:45 PRGE 001 o
SUBRQUTINE CAL(AVE, ICHAN) '
SUM=0. . ;
J=ISLEEP(0,0,0, 10) ' : , _
SUM=SUM+IADC ( ICHAN)

CONTINUE
AVE=SUM/30.
RETURN -
END
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FORTRAN IV

0001
oooz2

0003

0004
0005

0006

ONh 0O 0O 00

nnNonn

(]

V02.5-2 Thu 10~Jun-82 16:39:53 PAGE 001

SUBROUTINE ISPECL
'LOGICAL*1 CARD(80),CHA(12), CONDSS)

*%m.%ll |2| |3| l4l |5| 9 'I

* INTEGER¥2 TTEMS(13),THR(2,1000)

REAL*4 IHR, LVOLT, MHR, MVOLT, LS, HRV(4, 99)

WIHER LT, LHR, LYOLT, wmz%mm@&m CQND.
*ICHHR, ICHSI:, ICHST, ICHPR, Idms Icm:b Umckr Y tnvora

INITIALIZATION OF THE VALUES.

TEBI%-ENGE THE SPEC. PARMANENTLY, REPIACE THE VALUE BY USING

LHR=40. |HR VALUE WHEN THE PEN IS AT -2 (M
LVOLT=-1.3. |CORRESFONDING VOLTAGE

MHR=80. lI-mVALUEWI-[ENTI-E!PEI\TISATBASELmE
MVOBT=0.0 |CORRESPONDING VOLTAGE

UHR=120. IHR VALUE WHEN THE PEN IS AT +2 CM

'UWLT=1.3 |CORRESFONDING VOLTAGE )

ITICK=20 !HR SAMPLING INTERVAL

IREP=5 INUMBER OF REBLICATIONS IN THE EXP.
TCOND=2), INUMBER CF CONDITIONS IN THE EXPERIMENT
IFLAGl=1 IIF 1 STARTING/ENDING SIGQNAL' IS SUPPLIED, =0 NOT
PRESET CHAMNNEL NWR4BERS )
ICHHR=2 |HR DATA FROM POLYGRAPH <J6>

ICHSE=3 | STARTING/ENDING SIGNAL )

ICHST=6 |START-SWITCH

ICHPR=7 | PAUSE/RESUME-SWITCH

ICHRE=10 IRESET-SWITCH -

ICHED=11 .lEND-SWITCH

RETURN :

END

-108-

B T———Y



FORTRAN

(N

v W2.52  Thu 10-un-82 16:40:14 PAGE 001
0001 SUBROUTTXNE I - '
0002 [OGICAL*] qxap(z'ao)' c.:m}(lz) comngs) e e
0003 *IPATACI;P;{HI/ 2','3 ,'8','9",
0004 INTEGERY2 TTEMS(13),IHR(2,1000) e
oogg REAL*4 LHR, LVOLT,MiR, %LT LS, HRV(4,99)
00 COMMN UHR, UVOLT, LER, LVOLT, MHR, MVOLT, THR, COND
‘ *ITICK, IREP, TCOND, IFLAGL, L5\ US, ZERD, ITEMS, HRV, |
c *ICHER, ICHSE, ICI-]ST ICHPR, ICHRE, IC[-IEb LIMCRT, LUNFRN
S PRINT OUT THE TABLE CONTAINS ABOUE INFORMATION
0007 - . CALL
0008 60 WRITE({DUNCHT,90)
0009 WRITE LUNCRI‘ 100 UE-IR UVOLT, MHR, MVOLT, LHR, LVOLT,
. *ITICK, IREP, I _
0010 100 *ICHHR {CHSE ICHS'I‘, ICH'PR, ICHRE, ICHED
*'B}M/ HEARPRATEVALUEWHEN'H—]EPENISAT+2CM'TGOF51,.
o CORRESPONDING VOLTAGE',T60,FS.1, " ,
*t ym:?mmmmmmimbmﬁm E LINE',
*760,F5.1, ' B/M'/ y
*! CORRESPONDING VOLTAGE',T60,F5. 1,' pev'/
* 3, RATE VALUE WHEN THE PEN IS RT -2CM',T60,
*r5.1,"' B/M' 5
o CRRESPONDING VOLTAGE',T60,F5.1 '/
* T‘J%éK' » HR-SAMPLING INTERVAL ' <1 TICK= i/so BC.>',T62,13,
*» 5. " NUMBER OF REPLICATIONS',T62,I3,' CYCSY
* g, STARTING/ENDING SIGNAL IS SUPPLIED YES= g
*164, 11/
*g, NUMBER OF EXPERIMENTAL CONDITIONS' ,T62 I3é
*/1 A/D CONVERTER mw ,T6L, '/
v o 5%%6“0[:58%1 é%%" fea 1/
*' 10, START-: swé'rcu ? (1631
* 1] PAUSE/RESUME-SWT ,T63.
:: l ) %Es?'grﬁm Té'gsgzi
QollL % FURMAT(' v NO. ", 15X ' DEFINITION' ,T60, 'VALUE UNIT'/)
88%% RETURN
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FORTRAN IV V02.5-2  Thu 10-Jun~82 16:40:38 PAGE 001 -

8001 SUBROUTINE ISPmSICDNT ;
002 LOGICAL*1 CARD(80),CHA(L12

0003 *pgmcan{é' P UNP O ,5?02125627, 18, 19",
*2143 {3? |

0004 . INTEGER IHR(2,1000), YESNO2

05 REAL*4 LHR, LVOLT MHR, MVOLT, LS, HRV (4, 92m oD
0 (R, UVOLT, LER, LVOLT M‘vDLT I ,
0 TR LYORT THEMSHERL

ICOND), 1,15 v
*ICI-E-IR ICHSE, ICHST, ICHPR, ICHRE, I&E:b LUNCRT , LONPRN
0007 91 WRITE(LUNCRT,110)

888% 110 ]:E‘FYESLSOﬁRELMRI']) 91,20, %ATIONS <@ =/ | !

0010 29 uw:7r
Il 120 FORGI(’ /" ENTER THE ITEM NO. mnmvmm/?oszcmnmn/

D AT-A TIME'
0012 31 READ e, 305 VARS (1) T=1, 80
Q013 200 I QA1) )‘?O (1), MESE _

e
0016 [0°21 1=1,80

* 0017 LO 40 J

.0018 . mér(r.‘.ARD(IS BQ CHA(J)) GO TO 10 .
88%% 130 Go ;l?li W‘lgoﬁmﬁ:\)mz RETYPE NUMBER(S)'/)

0024 10 IF(J.GE.ll) GO TO 11

0037 12

0040 ) . . Py
0041 - 11 m_AG=1 fa,.
0042 13 IF(IFLAG.NE.1l) GO TO 21 -
0044 IF IFI.AG2.EZ8 ) GO TO 14 S C
0 IF(ITEM.BQ.0) Go To 21 : o

-+
0049 ITES (K)=ITEM
0051
0052 E K.GE,13) GO TO 15;

,g(gmq:% 1405 ¥. INVALID PROGRAM IGNORES THIS NUMBER'/)
8858 ITEM=O

o
o
Ln
()]
=
84—3

Q061 15 ,WRITE(LUNCRI‘ 150} (CARD(L),I=I+1,80)
0062 150 Eom'ré TOO MANY NUMBERS. THE REST ARE IGNO, —=>"',80A1/)
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0064 21
0065 22

0073 30

V02.5-2 Thu 10-Jun-82 16:40:38

CONTINUE

CONTTNUE ‘

WRITE(L 159)

LFORMAT( THE VALUES FOR THE_ITEMS 1

NUMBERS SUCH AS 12.3 ' I. . MUST

o THE RES& ITEMS 4 - 13,
*' T.E. MUST NOT HAVE "." ‘//)

§§—§§ P 083 %00)91

mémé’?

ICONT=0

RETURN

END
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301
160

210
161

302
162

303
163

304
164
22

305
165

[=]

306
166

V02.5-2  Thu 10-Jun-82 16:41:12 PAGE 001

SUBROUTINE ISPEC4(K):
LOGICAL*1 CARD(80},CHA(12),COND(6

*%rm %ll lzl ‘2' l "'5' l6l 27' l8l 9',
INI‘EGER"Q ITEM‘S( 3 IHR(z,looo)
REAL*4 LHR, LVOLT, MHR, MVOLT, LS, HRV(4, 99)

COMMON _UHR, UVOLT LHR LVDL MHR MVDLT IHR, C()ND:
*TTICK, IREP, ICOND, IFLAGI ,

*581-115115, ICI-ISE ICHST ICHPR, IC{-IRE' ICHEb wmfrr LINEPRN

[’} m oi 302 303, 304, 305, 306, 307,.308, 309, 310 311, 312,313),
WRITE{LUNC ,160)

mmE.E( Z%rgm THE HR VALUE WHEN THE PEN IS AT +2CM'/)
FORMAT{F6. 2
WRITE r(. ,161%
FORMA IS THE VOLTAGE THEN 2'/)
READ{LUNCRT, 210) UV
Go TO S50
WRITE( ,162)

FORMAT 5 ENTER TI-IEI-RVP.UJEWHENTHEPENISATBASELDJE/)
READ( U'L\ERTZlO)MI—]R

wnrnE LUNCRrélO% )MVU - ' .

WRITE( ,163)
T(' ! TE-IE:HRVAHJEWI—!ENTHE:PENISAT-ZQ&/)
READ ,210) LHR
WRITE{LUNCRT, 161)
RE‘A%LUNZRI‘ ,210) LVOLT

WRITE ,164) ‘
EORIVIA'E‘-(‘ '7' ENTER DESI HR SAMPLING INTERVAL',

R
WRITE( ,165)
FORMAT S 2 ENTER NQ/)OE' REPLICATIONS IN AN',

EX?LUNCRT 22 SDNDIT IoN

I(UNC ,166)
L FORMAT 'I'YPE 1 ‘)(F stTJ:NG/ENDm SIGRL IS SUPPLIED'/
READ(LLMRI',zzo) IFLAGl

GO0 TO

,gr(umqyr,le’i) ‘
FORMA ENTER THE ¥NO. OF E:{PERD«E:NTAL CONDITIONS'/)
READ(LUNCRT, 220) IQOND
GO TO 50 68
FORMA i' ;3} THE CHANNEL NO. FOR THE HR-INPUT'/)
E%AD(LISJ%J:RT ,220) IGER
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. FORTRAN IV

0050
0051

0052"

309

169

310
170

311
171

312
172

313
173

50 -

-

THE CHANNEL NO.

READ{LUNCRT, 220) ICHSE
& _TC 50

Q0

WRITE (LUNCRT, 170)
FORMAT(' '/ " THE,
READTé .220

5

IaiST

WRITE{L F,171)
FORMAT( '

(Lmr.Rr 172)

CHANNEL: NO.

' ENTER THE CHANNEL MO..
(LUM:RT 220) ICHPR
c;omo S0

R [ 7/ THE CHANNEL, NO.
READ(LUN:RT,z 5 ICHRE

G _TO

END

50
(LUNZRI‘ 173)

' ENTER THE CHANNEL NO.
% meé 220) ICHED

13-

¥02.5-2  Thu 10-~Jun-82 16:41:12 BAGE 002

WRITE( ,169)
R

*' g

FOR STARTING/ENDING',

FOR START-SWITCH'/)
FOR PAUSE/RESUME-SWITCH'/)
FOR RESET-SWITCH'/)

FOR END-SWITCH'/)

|t e i i



FORTRAN IV V02.5-2  Thu 10-Jun-82 16:41:52 » PAGE 001
0001 SUBROUTINE INTROO s

0003 1001 EORMATé' IS PROGRAM IS USED TO MESURE HR AND HRV OF A',

“IT IS ASSUMED THAT THE USER OF THIS PROGRAM IS FAMILIAR TO '/
1 HRANDHRW :

POLYGRAPH AND'
. Ppp—liéos AND RT-11'/
/ PROGRAM CONSISTES OF gx]')ummc SECTIONS;'/
_* 1. INPUP-DATA SPECIFICATIONS SE‘CI‘ION
. CALIBRATION SECTION'
*' 3. DATA-SAMPLING SECTION'//
IN THE FIRST SECTICN, SPECIFICATIONS ON THE INPUT mm /
*' ARE DEFINED. 1IN CASE THE SPECIFICATIONS ARE DIFFERNT'/

*
-u

*
[ 8]

*' FRCM THE ONES YOU INTEND TO USE, YOU MUST RED THM'/ |

/T IN THE SECQOND SECTION, THE CALIBRATION OF THIS P /
*! IS PERFORMED. THE CALIBRATqur L

*' P ISITE FOR THIS SECTION'/

*!' '/' THE IAST SECTION IS FOR COLIECTING THE DATA. 'I'HIS 15’/

*' DONE BY USING THE INFORMATION WHICH HAS BEEN GIVEN IN /

*' FIRST SCETION. THE PROGRAM CAN OBS ERVE:UPTOlOOOEHE‘.ARI‘
. *'BEATSORATLEASPSMINUI’IBINA(IJNT]I\TLDUSRUNI«HEN e

*! AVERAGE HEART RATE ISIESS'I‘HAN12OBEATSPERMIN /

¥y IT WAS INTENDED TO WRITE THIS PROGRAM IN A §

*' INTERACTIVE SYSTEM FOR USER CONVINIENCE. CNCETf-iEPROGRAbé

*' HAS BEEN STARTED TO EXECUTE, THE PROGRAM SHOULD /o

*! BY THE CONTROLER BUILT FOR THIS PROGRAM. THELBE‘.OFKEY—BQ?RD/

*' COMMANDS S UG-IASCI’RLCANDCI‘RL/AE‘I‘C
*' THE FUNCTION OF FéUR SWITCHES ON 7
*' EXPLAIND BELOW.
® 7, S'I’ARI‘-SWI’ICH'
~ %' "T'E\ARIFS FOR PROGRAM TO START QOLLECTING HR DATA.'
* WHEN STARTTNG/ENDING SLGNAL I8 SUSBates T SUPBLIED' /
*'  FROM ANOTHER SOURCE, PROGRAM WILL START UNTILL, THE'7.
* SIGNAL IS valgm. YG]I:'%‘.MSE PROGRAM*
0004 RETURN
Q005 END
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FORTRAN IV V02.5-2 . Thu 10-Jun-82 16:42:16 ’ PAGE 001

0001 : SUBROUTINE INTROL :
Q002 TYPE 120
0003 120 FORMAT(' 2. PAUSE/RESUME SWITCH'/
! WHEN THIS SWITCH IS AT THE PAUSE POSITICN, mw;[éx
*, EXECUTION OF THE PROGRAM IS TEMPORARY HELD. THE '/
* SWITCH IS REPOSITIONED, PROG RAM RESUMES ITS'/

*'  EXECUTION. EXCESS USE OF PAUSE CAUSES THE DIS-'/
¥, CHARGE CF BN .t/

! RESET-SWITCH'
*' “'IS MO DISCONT THE EXBCUTION OF THE PROGRAM FOR THE' /
¥ RN, THE DATA QOLIECTED IN THE RUN G BE LOST.'/

* TO RE-START, [PRESS THE START-SWITCH.'

x4, END-SWITCH'

* CAUSES TERMINATION FROM THE DATA-COLLECTION E‘OR '/

*' RUN. HR AND HRV FOR THE RUN WILL BE CCMP

* STORED ON THE DISK. WHEN STARTING ENDII‘:G SIGNAL IS /{

*'  SUPPOSED TO BE SUPPLIED FROM '/

* WILL NOT TERMINATES TILL THE SIGNAL IS GIVEN

i é TO USE THIS PROGRAM AS EFFE:crIVEASITmSDESI@JED/
*! FOLLOWING

PROCEDURES MUST BE EXECUTED
*' 1. ASSIGN A NUMBER <LOGICAL UNIT NUMBERR> "TO THE
* TERMINAL AND ENTER THE

THE NUMBER TO THIS PROGRAM AS RT.'/
. *' 2. ASSIGN ANOTHER NUMBER <LOGICAL UNIT > TO THE' :
* PRINTER AND ENTER THIS NUMBER AS LUNPRN, '
o absrh ' = § Ty Amp E{m:RED
* TIGNED. TO THE CES <TT: AND LP:> BEFCRE THEY ARE '/
*! THIS PROGRAM.
k! IFmUAREREADYTOE:rimER'ITESEwmmANDLUNPRN/
0004 *! YES, IF NOT TYPE NO'

C005 END

.-115.-
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SUBROUTINE INTRO2 (LUNCRT)
WRITE (LUNCRT, 162)
REWIND LUNCRT

END
162 FOE

* !
a8
»l
*xt
xt
*l
!

FILE
i (

RT
'/' INPUT-DATA SPECIFICATIONS SEI'_'I‘ION'[
ALL SPECIFICATIONS ARE PRESET IN THIS'/

PAGE 001’

PROGRAM. HOWEVER, THEY MAY NOT BE SUITABLE FOR THE PURPQ?E oF'/
YOUR STUDY. IF THIS IS THE CASE, THEN YOU MUST REDEFINE

THE SPACIFICATIONS. '

SOMETIMES, DURING THE ERIMENT, IT MAY HAPPEN '/

THATITISNEIZESSARYTOG%NGES(MEOFTHESP%C

IN SUCH A CASE, P??GRPM PRCMPTS TO MAKE
BETWEEN THE RUNS'//) _

END

L

-116-
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0007

-

V02.5-2  Thu 10-Jun-82 16:42:49 PAGE 001
smanot(r 34(LUNCR1') : .
WRITE, LUNCRII{'P 302 -

M%I(E CALIBRATION SECTION'/
ION IS FOR CALIBRATING SCALE FACTORS IN v/
* PROGRAMLOGICWHICHOONVER’I’S INPUT ANAIQOG HR DATA IN TO'
*! DIGITAL HR VALUE. THIS PROCEDURE MUST BE PERFORMED AT THE' /

'BBGININGOFTHEEDG?EZRD’WT WHENEVER'I‘I—IEGRASSPOLYGRAH—I/
-*' HAS BEEN RECALIBRA

END

-117=
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FORTRAN IV - V02.5-2  Thu 10-Jun-82 1€:49:25 " PAGE 001

0001 SUBROL(rrmz INTRO4 (LUNCRT)
0002 E(LUNCRT, 140)
0003 140 mm/?'r(' "///" CATA-SAMPLING SECTION'/
o SECTICN THE HR DATA IS ACTUALLY'
¥ QOLLECTFD. AT THE BEGIMNING OF EACH RUN <EXP AL' /
CONDITION>, ~PROGRAM PRCMPTS TO INPUT SUBJECT NUMBER AND'/ |
*:RUNNUMBER summmmmxsmsmlnmmms /-
** AND THE NUMBER CAN BE Q0 TO 99 INCLUSIVE. mmwmmr:}/
*' FOR REQORDING THE;D{P;;RIWAL CONDITION. THE FORMAT FCR
** THE RUN NUMBER IS "A3 R EXP
*! 999 CONDITIONS CAN BE HANDLED BY THIS PROGRAM.
*! THE NUMBER CF CONDITIONS IS LESS THAN 99, THE/THIRD DI?I’I‘
! Q?I}YBELEETBLANKOR'CANBEFIILEDWTPHYOUR TTIAL
* mmmamm.sxzsmmonmnrsxm ILEM
> Soryy 5 : , WHEN THE RUN HAS BEEN CY:MPEO B/ .
'S mncmamsuamnmmmmzs R'I‘HERUNNLMBEIIQ
*' EACH RUN <CONDITION> NUMBER MUST BE DIFFERENT Asue.mcr/
*!' GIVING <USING> THE SAME RUN NUMBER WILL, RESULT' ,
*! IN DELETING THE DATA-FIIE ON THE DISK WITH THE SAME FILE NAME.'/
*' TO AVOID THIS INCONVENIENCE <LOSING THE %p. FOR A CDNDI’I‘ION> {
*' THE SIXTH QOL. OF THE FILE NAME <THIRD SHOULD EBE /
*' WHEN AN EXPERIMENTAL CONDITION IS REPEATED OR WHEN A g}m
*1 THE SAME FILE NAME IS AIREADY & THE DISK.
*! /' AFTER THE EXPERIMENT, THE EI)CI'ENI‘ION OF .THE FI]'_ENAME,
* "DAT" SHOULD BE CHANGED TO A UNIQUE ION /-
*' TO AVOID DELETING A FILE “ACCIDENTALIYY.
*' AFTER THIS MESSAGE, THE PROGRAM SHOULD Yanom'RoLED/
*' BY THE QONTROLER. AN ATEMPT TO TERMIMATE FROM THE {N
*! BYUSINGCI'RLCWILLRESULTINIOSINGTHE TAEORTHER v/
0004 *' AND YOU WILL HAVE TO REDEFINE THE SPEC.

Qo005 - END
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- *I'I‘ICK,_IREPEIGDND, IFTAGL, LS, US,

V02.5-2  Thu 10-Jun-82 16:49:49 | PAGE 001
SUBROUTINE ISTORE(IBEAT L ' ’
LOGICAL*1 s'n? ( ) -

INTBEGER*? OSIGN owm OLIHR, IHR(2, 1000), rm45(13)

REAL*4 HRV(4,99),HR, LVOLT, MER, MVOLT, LS

QOMMCN UHR, (VOLT, THR, LVOLT , MER MVDLT THR, COND,
SFRO, TTEMS, BRV, " -

(Zmzzg}}wil%&bfﬁ T R

c4c H[gm 13.1311') /sm DATA*, SX, 'CONDITION_=-' ,6a1//

I=1, IBFAT, 10
IF(%E9 LE. IBE‘K[') G0 TO 1111

II=
GO ‘IU lll2

%ITE(I(UNP‘ lb](ﬂ?}a,(‘%éﬁm(lm ,IHR(z,q) ,J;—-I,II)

RMD LUNPRN

WRITE(LUNPBY,1120) o,
16 1 p 5’ LT SUT YT, VALUE M
IF(I+4. LE IREP) & TO 1122 :

IT=IREP

GO TO 1114

II=I+4

IREC=1
IT=]REAT+1
IHR(], II}—99
ITHR(2,1I)=0

. CaIL ASSIGN(4 COND

1130

DEFINE FILE fz U.I_RF.)C)
DO 1130 T =1.§

WRITE (4 ' IREC IHR(LI),IHR(LI)

CONTINUE o
CALIL CLOSE(4) -

RETURN

END
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200

91

930
40
950
952

960 -

970
980
999

'V02.5~2 . Thu 10~Tun-82 16:50:17

SUBRCUTINE IEXAMSIBE‘AT)
LOGICAL*L COND(6 .
INTEGER*2 OSIGN,OLDHR, IHR(2,1000), ITEMS(13)
RERL*4 HRV(4, 99}, [HR, LVOLT, MR, MUOLT

T,LS
MON_UHR, UVOLT, LHR VDLT MHR, MVOLT, THR, OOND,
*ITICK, IREP, ICOND, IFLAG], [S, US, ZERD

TTEMS ; HRV
*%CHHRE ICHSE, ICHST, ICHPR, Idml-: ICHED, LUNCRT, L{NERN

IB=)
DO 999 I--l IBEAT
IB=IB+1

%g}({%gﬂ%&ﬂ .EQ.ICYC) GO 200

- ORDER=IHR(2, I)
OSIGN=0

HR=OLLHR*0.1
HRO=HR

G0 TC 960

NEW{-IR=IHR62 I)

HR=NEWHR*0., {

HRD=HR~ .
IFEIFLAG.EQ.I) GO TO 920
IF HRD; 910, 960, 910

IPgHRD +930, 960, 940
NSIGN=-1

%v(l éCYC)=HRV(l_, ICYC)~HRD
NSIGN=1

IF(OSIGN.FQ.0) GO TO 952

IF(QOSIGN.NE.NSIQN) HRV(2, ICYC)=HRV(2, ICYC)+1.
SSIGN I

HR}’J(“!- ICYC) =HS(V(4 ICYC)]+§—IR

IF(IER{1, I 6}4'1)) GO '5.8 999
HR ,ICYC =HRV 1 Icyc;/HRv(z . Icye)
.ICYC 4, ICYC)/IB
oommm

END

-120-
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FORTRAN IV V02.5-2  Thu 10-Jun-82 16:50:41 . PAGE 001

0001 SUBROUTINE m«z(IBEM') i : -

0002 LOGICAL*1 COND &

0003 INTEGER*2 OSIGN,OLDHR, IHR(2,1000), I’I'EMS(13)

0004 REAL*4 HRV(4,99),IHR, LVOLT, MER, MVOLT, IS

0005 COMVON _UHR, UVOLT, [HR, LVOLT, MER, MVOLT | IHR ooND, _
*ITICK, IREP, ICOND, TFLAGL , LS | US, 2ERD
*TCHHR ICI-ISE ICHST, ICHPR, ICHRE Icm:b Luwcfrr L(INPRN

0006 ICYC=0

0007 I - ]

0008 HRV(1,1)=0.

0009 HRV{2,1)=0.

0010 HRV{3,1)=0

0011 HRV(4,1)=0.

0012 DO 999 1=1, IBEAT

0013 IB=IR

0014 IF(ICYC.EQ.1) GO TO 900

0016 Tove=1

0017 OLDHR=THR(2,I)

0018 OSIN=0

0019 HR=CLDHR*0. 1

0020

0021 :

0022 3 TO 9%0 .

0023° 900 NEWHR=THR(2Z,I)

0024 ~  HR=NEWHR*0.1

0025 ~HRO

0026 - YF(IFIAG.PQ.1) GO TO 920

0028 IF({HRD 910 960 910

0029 - 910 - IFT(AG—

0030 920, IF(HRD 930 960, 340

0031 35307 NSIGN=

0032 HRV(1, ICYC)=HRV(1 ICYC)-HRD

0033 & TO 950

0034 940 NSIGN-—l

0035 950 IF{OSIGN.EQ.0) GO TO 952
0037 IF(OSIGN.NE.NSIGN) HRV(Z2, ICYC)—HRV(Z ICYC)+L.
Q032 952 OSIGN=NSI®
0040 o)
0841 4 4 C’YC
0042 9860 TCYC )= . I 'f-HR
(T B SE

0046 970 IF(HRV(Z ICYC) £Q.0.0) ‘GO TO 9
Q E ; {1 Icyc;/HRv(z ICYC)
0049 980 gv4rcyc=fmv41cyc

8050 9ag
051 WRI'I‘E .1) (BRV(I,ICYC),I=L1,4)
..0082 1 (' '
*' OVERALL . 1. ,Tzo Fl6.2/
DENO ,T20,F16.0/
b HRV. ,'r2 , F16.5/
L HR',T20,F16.4)
0053 REWIND LUNPRN
0054 RETURN

0053 . END
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0008 690
0009 .

0010 701
OOl% 700

0027 705

0033 708

0044 710
718
0047 720
0052 200
0054 201

Q0
0056 725
0057 203

0059 730

K

V02.5=2 Thu 10-Jun~82 16:51:07 PAGE 001
SUBROUTINE LOOP{IREAT)
INTEGER*4 JTIME

mrBGER*z IHR(2, 1000}, rrms(n) YESNO2, ON, OFE‘,

LCGICAig

REAL,*4 LHR,Luo T MER, MVOLT', LS HRV(4.99)
COMMON UHR, OVOLT, LER, LVOLT, MHR,, MVOLT, THR, COND,
*ITICK,IREPéICDND IFLAG],LS, US, ZERO, TTEMS , HRV,

*%%I&l’(@brCHS ICHST, ICH'PR ICHRE ICI-IEID, LIMRI‘ LUNPRN

IzzfiZT 701) 7 SAMPLING PRESS START SWITCH}/)

z
5
i

IF§SW§%EéfCHS F) GO TO 710
IF LA%E%E BEQ.oNJ GO %0E928F

[ID GT IREPI)GO TC 200

III}uma EQ GO TO 900
LASTSE=OFF

G TO 720

TIFLAGT=0

IF%SWITCH ICHPR,ZERO}.EQ.ON) GO TO 718
IF TCH({ ICHRE, ZERD) .EQ.CFF) GO TO 730
WRLTE(TINCET, oé)

?.ESE.'I' REI'.UEST EAS BEEN ACCEPTED' /)
MENTAL CONDITION ? <YES CR NC»'/)

-WRITE(LUNCRT 201

WR:ETYE?L&F) mééUmngﬁ 722, 690 725

585¥gr(' '/' TO RESTART, PRESS START-SWITCH'/)
' SWITCH CHED ZERO) IFLAGE=]
(IFIAG .EQ.0)) GO TO 900

~-122-



800
802
803
804
805

a1l

812

820

850
860
900

&

V02.5-2 Thu 10-Jun~82 16:51:07 PAGE 002 !

: ‘ ;

G\LL GTIM o .

fﬂ IME IH, IM, IS, IT) * ;o

IT—IT+ITICK :

IF{IT.LE.59) GO TO 800 ‘
IT=TT-60

IS=1S+1 " :
IF(IS.LE.59) GO TO 800 . . .
Is=0

TM=TM+1
g(IM.Ji_E.SQ) GO TO 800

IM=0
IF(IH IE.23) GO TO 800

JTIME=IUNI‘IL(IH ™, IS, rr)
DIFF=IADC(ICHHR )-ZEFO
IF(DIFF)804,803, 802
HR=MHR—DIFF*LS

@ TO BOS T , -
HR=MHR _
Q 805
HR: +DIFF*US 5
NEWHR=(HR+0.05)*10.0 LT
IF(IABS](-OLDHR—NE'JHR).GI‘.‘BO) GO TO 812
ICOUNT=ZCOUNT+1 , ,
TAHR=
NEWHR= ICOUNT -
ELAPSD=(TICK+1.5) *ICOUNT/60.
CHR=NEWHR

- CHR=CHR*0.
XLIMIT=60./CHR

IF(EZ]’.APSD LE XLIMIT) GO TO 705

n.:'( E‘AT GE. 999) Ismp—l

xoomm=o

IKR(1, IBEAT)-ID

IHR (2, IBEA'

WRITE( UNCRT 1) ID, IBEAT,HR ' T
RMAT .

FO 214,F8.0
'IF(ISTgB LEQ. 1) GO TO 850 >

*};"OHJIAT; AiZGO);gHo‘TE B%%-sm R;?G‘ED 0 999.'/

EN'D
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FORTRAN IV

001
002

.

L

V02.5-2  Thu 10-~Jun-82 16:51:51 ' PAGE " 001
FUNCTION SWITCH(ICHAN,ZERO)
TNTEGER*? SWITCH

SWITCH=-]1 ™ :
IF (IADC( ICHAN) . GE. ZERO+500. ) SWITCH=1
RETURN .

END

-124-
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Q006
0goY
0008
0009
Q010
Q011

3013

Q014

0015

0016
0017

131
132

133

134
135

. V02.5-2  Thu 10-Jun-82 16:52:35
SUBROUTINE IASS

INTEGER*2 IHR(2,1000}, ITI(=M.'§(13)
LDGICAL*l COND(6) , EXTENT (4

COMDN i Lu%’%% 59 'rrivvgrriT ﬁ MM%ET THR, COND
*ITICK,IREP ICOND, TFLAG ) ZERD, TTEMS | ’

’

ERO, HRV
*TCHHR %g:HSE ICHST, ICHPR, ICHRE, ICHED, LUMCRT, LUNPRN

EORTT /L REER LUNCRT' )
FORMAT(I2)
TYPE 1?3 :

FORMAT(' '/' ENTER H.NPRN /)
ACCEPT 134 LUNPRN

FORMAT(I2)

EngIEdAT(' { MESSAG;: }‘ F THIS'
* EROG smvm'romca'r./w B/

END
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FORTRAN IV
0001

0002 1
0004

0005

™
V02.5-2  Thy JO-Jun-82 16:51:56. - - - PAGE 0Ol
SUBROUTINE NAP( ICHAN, ZERQ) - . | e
‘IF(IAEC%ICH&%?.ET.ZER??&OO.) ®TOL . L
END -
’ t

-126~
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[elp]#]

201

‘102

-

V02.5-2  Thu 10-Jun-82 16:52:03 PAGE 001

- SUBROUTINE YESNO (ANSWER)

ANSWER=1l WHEN ANSWER IS YES
ANSWER=0 WHEN ANSWER IS NO
ANSWER——I WHEN ANSWER IS INVALID

C"T%&“?i?/ s?‘ ‘? YA Wo/ ToL /,ammc/' '/,IBEILL/8199/
ACCEPI‘ 201 ANS(I) 1=1,10)

RAT(10A
? Amé(lﬁ BIANK) GO
ANS(£) T “{ANS (1+1) .EQ.0) . AND. (ANS (I+2) .EQ. B]’_ANK)

*IF((ANS(IZ.BQ .Y) .AND. (Nﬁ(l+l) Eg.E) .AND. (ANS{I+2).EQ.S)

(ANS(I+3) .EQ.BLANK

@ TO

CDNI‘INUE
TYPE 102, IBELL (ANS(II) II=1, 10)
mma'r(' ,Al/ ,10Aa1,"' = mmn')

-127-
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201

102

. . 1

V02.5-2°  Thu 10-Jun-82 16:52:20 ' PAGE 001
FUNCTION stxm(wm)
INTBGER*2 YE ‘

LOGICAL*1 } 7 '
Egsmﬁ LEI'ZE B'7,8/'s /,N/ N'/,0/'0'/, BLANK/ '/, IBELL/8199/
LONCRT, 201) (ans(I),I=1,10 '

E'OEMAT %0%5 ) (ans(1), )

* ?NséaiEgom'L)MANDG?Am(HL) EQ.O) .AND. (ANS(I+2) EQ. BLANK)

IF((ALEISA%z EQ)Y) .AND. (Alﬁ(nl) Eg -E} .AND. (ANS(I+2).EQ.S)

CONTINUE
TYPE 102, IBEL?‘ (ANS(SAl) I1=1, 10)

mm'r(' D')

" YESNO2=0.
RETURN

YESNO2=].
RETURN
END
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V02.5-2  Thu 10~Jun-82 16:52:48 PAGE .001"

SUBROUTINE IN - . '
INTEGER2 THR(3) ), ITEMS (13}, YESNO2, ON, OFF, YESNO, ANS,
*SWITCH, OLDER ,

LOGICAL*1 COND(6) , EXTENT(4)

REAL*4 LHR, LVOLT, MHR, MVOLT, LS, HRV(4, 99)

COMMON UER, UVOLT, LHR, LVOLT, MER, MVOLT, LR, COND,
*TTICK, IREP, ICOND, IFLAGL, LS, US, ZERQ, TTEMS

*ICI-!I{RZ  IGHSE, , ICEST, ICHPR, ICHRE, ICHED, LUNCRT, LUNERN
0 2 J=1,99

HRV(I,J)<0.0

CONTINUE

D0 3 I=1,2 ,

00 3 J=1,1000

IHR(I,J)=0 '

CONTINUE

RETURHN
END
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[



APPENDIX E.2

The Computer Program for The PDP 11/63 To
Communicate with WYLBUR
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1010

1015

1050
1100

. C
2000

c
1200

3000

3010
3020

3030

v
] 1
.*Oml.rel’iall n|’ , ?l/‘

V02.5-2  Thu 10-Jun-82 17:05:24 " pagE 001

PROGRAM . . ,
IMPLICIT IN'I’EBER (C,N,R,X,Q,9)
ocome RCSRI, RBUF1, XCSR1, XBUF1, RCSR2, stz,xcsaz XBUF2, READY,

LOGICAL*I WHZ élB&jWNAME(ZO) ,FET(10)
56

DATAE'E.'I‘ lEl 'I*l L] ",'C:,'L','E',"OI.S/,

L] L]
I'El’ ldl’lon ' B AR hta
‘ T ‘ 14 [ ] r y L] 0 ’ u I ’

gg EgillgO,iOgO 3&00 4000, 5000, 6000, 1010 1200) IGOTO
EHEJ:HAF#ﬁﬂ¥P(I)
CALL SNLDCRT

CONTINUE

SNDWYL,
& TO 900
IESCS=1
NEWCHA="012
215 ‘

NE.WG-IA 315 -

CALL SNDCRT
CALL IPOKEB RCSRT. “100)
CALL ASSIGN(1,,-1}
CALL. TPOKEB(RCSR1, 0)
IF(IESCS.NE.O) GO TO 2000
CALIL RCV
& TO 900

CALIL SEND
G0 TO 900

! ENABLE INTERRUPT SERVICE
| DISARIE INTERRUPT SERVICE

l ESC S

CALL ACC
G0 TO 200

DO 3010 1=], 0'
NEWCHA=FET%I}
CALL

CALL )
IF (NEWCHA. BQ. "21) GO TO 3030
T=I+L _

0 TO 302?
IF{I.GT.6) GO TO 900
NEWCHA="314

a
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c .
4000

C
5000

c
6000

V02.5-2 Thu 10-Jun~-82 17:05:24 PAGE 002
CALL SNDCRT.
CALL

SNDWYL,
NEWCHA="215
CALL SNDCRT
CALL SNDWYL
G TO 900 _ . .

IF(NOCHA.EQ.0) CALL WMNAM(VRABME, 20, NOCHA )
CALL Goggtamrs.zo,mocm) -

@ TO 3

CALL WNAM(WNAME, 20, NOCHA )
GO TO 900 E ‘

IF(NOCHA.EQ.O) CALL wm.til(mmm,zo,mm)
%L'Ifo Ugg:gm,zo,mc&m

- o=132-
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V02.5-2 Thu 10-Jun-82 17:05:52 . 'PAGE 001

SUBRCUTINE b *
IMPLICIT INTEGER (R,X)

COMMON RCSR1, RBUF1, XCSRl XBUE‘l RCSR2, RBUF2, XCSR2, XBUF2, RE‘ADY,
*NEWCHA

CALL FRMWYL

IF (NEVKCHALEQ."21) GO TC 2
CALL SNLCCRT

GO TO1

RETURN

END

ety
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FORTRAN IV V02.5-2  Thu 10-~Jun-82 17:05:58

PAGE 001
e
0001 SUBRGUTINE SNDCRT
0002 IMPLICIT INTEGER (R,X)

COMMON RCSR1, RBUF1, XCSR1, XBUF1, RCSR2, RBUF2, xcsnz XBUF2, READY,
0004 10 - IF?IPE‘.EKB(XCSRJ.) LT, READ‘{) &0 TO 10

Q006 CALL IPOKEB(XBUF1, NEWCHA
0007 RETURN

0008 END
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' FOP:TRAN v V02.5-2 Thu 10-~Jun-82 17:06:03 PAGE COL

c

Q001 SUBROUTINE SNDWYL

0002 IMPLICIT INTEGER (R,X

0003 mﬂmﬂg RCSR1, RBUF1, XCSR1, XBUF1, RCSRZ RBUF2, XCSR2, XBUF2, READY,
0004 60 - IF(IPEEK(XCSR2).LT. READY; G TO 60 | IF WYL NOT READY LOOP
888? mmépom(mw , NEWCHA , | SEND THE CHAR. TO WYL.

0008 END

kad
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FORTRAN IV V02.5-2  Thu 10-~Jun-82 17:06:10 ’ " PAGE 001
c _

000L - ~ SUBROUTINE FRMWYL
Q002 - IMPLICIT INTEGER (R,X)
0003 %ﬂmmou RCSR1, RBUFL, XCSR1, XBUF1, RCSR2, RBUF?2, XCSR2, XBUF2, READY,
0004 10  IF(IPEEKB(RCSR2).LT.READY) GO TO 10 | IF WYL. HAS NOT SENT
0006 mm-rpm( UF2} 1 YES THEN READ IT
0007 RETURN
0008 END

~136-
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900

950

995

C{
1000

1005

V02.582  Thu 10-Jun-82 17:06:29 ‘ ' PAGE 001

SUBROUTINE WYLCCP

' IMPLICIT INTEGER {C N, R,x,o,s)

COMMON RCSRI, RBUFL, XCSR1, JBUF 1, RCSR2, RBUF2, XCSR2, XBUF2, READY,
LOGICALY) BSC(4)

DATA E‘SC

CI'R;D=“ 04
LE="012

CR="215
IESC="233 -
A="301 .
F="306
G="307

|l/

CN-(L WRCSRlR% L'%‘)RE‘ADY) Go~TO 950

“IPEEI(B&%BUF
IF(NEWCHA.EQ. CALL E}C{T
IF(NEWCHA.EQ. G0 TO 9
IF{NEWCHA.EQ. IESC} GO TO 1000
IF NEWCHA . H)."377 NE%\‘CH'\“"ZIO

ip {RCSR2) LTREADY)GOTOgoo
—IPE:E:K.B
Go T0 900

NEWCHA=CTRLD
o 995 I=1,5
CALL SNDWYL:
QONTINLE

@ TO 900

IF(IPEEKB(RCSRJ. L'I' READY) GO TO 1000
NEWCHA=IPEEKB

IF (NEWCHA . BQ. A) GO m 1200
Irf) 1005 J(i?

NEWCHA=ESC
CALL 'SNDCRT
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FORTRAN IV

000L
0002
0003

8068

0006
0007

0010
0011

8013

0014

v

v02.5-2 °  Thu 10-Jun-82

SUBROUTINE

CaoMDAT
IMPLICIT INTEGER
COMMON RCSRL, RBUF'L, XCSR1, XBUF1

R1="177560

XBUF1="177566
RCSR2="17561Q

-13%9-

307} 3 PAGE 001

(C,N,R,X,Q,

sRCSR2, R'BUE‘Z, XCSR2, XBUF2, READY,

-
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4010

L1y et 8 kv S gt

V02.5-2 . Thu 10-Jun-82 17:07:46 PAGE 001

SUBROUT INE GD(WMANE 11, VDCHA) , ﬁ
TMPLICIT INTEGER (C,N,R,X,Q,5) 1

COMMON RCSR1, RBUF1, XCSRL, XBUF1, RCSR2, RBUF2, XCSR2, XBUF2, READY, : }
LOGICAL* 11 RUN 8 SAV 4 5 '

} ( ) H (’ .,(.215/_,
*SAv S 'A

/l 1 ,I‘él'lpl |'|215/
DD 4010° I—i ?
NEWCHA=RUN

4020 CONTINUE

4030

4040

L.
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6010

6020

6030

V02.5-2.  Thu 10-Jun-82 17:08:13 . . . PAGE"001
SUBROUTTNE USE(W[\E\ME I2,d \IOCHA;

IMPLICIT INTBGER (C,N,R,X,Q.S
cor«mu RCSR1, RBUF1, %cSR1, XB(F1, RCSR2, RBUFZ XCSR2, XBUF2, READY,

*1 wquE(I;) U{4), CIE(4) _
?CA? S, Fg "215/7 S \

0060 zifl-
- NEWCHA=U( I
CALL

CALL SNOWYL

CONT
lx) 6020 I=1,1 ?OS!HA
,
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FORTRAN IV V02.5-2  Thu 10-Jun-82 17:08:38 PAGE COL
0001 " SUBROUTINE WNAM(WNBME, I2, \Tocm)

0002 . IMPLICIT INTHGER (C,N,R,X,Q,S

0003 COMMON' RCSRL, RBUF1, XCSRY, XBUF1, RCSR2, RBUF2, XCSR2, XBUF 2, READY,
0004 I.OGICAL*l (18) wmr«m(xz) o ey

0005 TAWH;‘: w' RN :9','R',',','f'.,'1, 1','e',

’ 1

0006 NE.WCI-!A ho1a’
. 0007 CALL SNDCRT

000 NEWCHRA="215

00C9 CALL SNDCRT

0010 Do 5010 I=1,18

0011 - NEWCHA=NAME (I ) .

0012 CALL _SNICRT

0013 5010 CONTINUE ‘ .

0014 NOCHR=1 -

0015 5020 IF(IPEEKB(RCSRL).LT. READY) GO TO 5020
. NEWCHA=I PEEKS ( RBUFL

0018 IF (NEWCHA E? ! 21%1;‘ GO TO 5030
0020 WNAME (NOCHA ) =NEV

Q021 NCCHA=NOCI—R

0022 ‘ CALL SNLCCRT

0023 &0 TO 5020

0024 5030 WNAME(NOCHA)="240

0025 NEWCHA="212

Q026 CALL

0027 NEWCHA="2}5

0028 CALI: SNDCRT .
0029 CALL SNDWYL

Q030 CALL NAP

0031

0032 END
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2100
2200

V02.5-2 . Thu 10-Jun-82 17:09:15 ' PAGE 001

SUBROUTINE SEND
IMPLICIT INTBGER (C,N,R,X.Q,S)

COMMON RCSR1,RBUF1, XC‘.SRJ.,XB 1,RCSR2, RBUF2,XCSR2, XBUF 2, READY,
NEWCHA

IWORD=0
IADRSW=TADDR ( IWORD)
TADRSB=IADRSW+1
IREC=]

DEFINE' FILE 1 (10500, 1,U, IREC)
NEWCHA="103 ‘
CALL’ SNUCRT

CALL SNDWYL
NEWCHA="215

CALL SNDCRT

CALL svuqu
CALL_NAP

ve] 21(09 1—1’11000

RD
IF( IWORD.EQ. OinO TO)ZZOO

- NEWCHA=TPEEKB{ IADRSW
CALL

SNDWYL,

IF (NEWCHR. EQ. "12) CALL NAP
NEWCHA=LPEEXB ( IADRSB

IF (NEWCHA.. EQ.0) GO TC 2200
CALL SNDCRT

CALL SNDWYL _
IF(NEWCHA.EQ."12) CALL NAP

COL\]'I‘]:NU‘:;“1
NEWCHA="215
CALL SNDWYL
CALIL SDCRT
CALL NAP
CALL CILOSE(1)
NEWCHA="4
CALL SNTWYL
RETURN

END
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100
110

200

300

-310

350

360

V02.5-2 Thu 10-~Jun-82' 17:09:44 PAGE 001

SUBROUTINE RCV
IMPLICIT INTEGER (C,N,R,X,Q,S)
CCMMON RCSR1, RBUF1, XCSR1, XBUF1, RCSR2, RBUFZ XCSR2, XBUF 2, READY,

INTEGER*2 E‘ILE(lOSOO)
COMMON/BT

LOGICAL*1 SGl‘(G)

DATA MESSG1/"114, "040, "125,"116,"116,"015/
IZERO=0

TWORD=0

TADRSW=TADDR ( IWORD )

IADRSB—IADRSN+1 ,

o 1l I=1,6 _ : 1 ESC R
Nmm—wssc;l(r)

CALI, SNDWYL

-

RMWYL
ELS'ICI—]A BQ."012.AND.NEWCHA. BQ."077) GO TC 300
I UNI‘=ICDU'\TI‘*-%
IF(ICOUNT.FQ.-1) GO TO 2?0
CALL IPOKE (IADRSW, LSTCHA
CALL IPOKER({IADRSB, NEWCHA)
FILE(LREC )=IWORD

CALL SNIC
G0 TO 100 -
IEVEN=0O

IF(ICOUNT.EQ.1) GO TOQ 310
CALL IPOKE({IADRSW,LSTCHA)
CALL 'IPOKEB( IADRSE,O)
FILE(LREC)=IWORD

=L REC+1

%F%:EFII,El (KKRBClUIR.EZC)
‘ ?1 IREI:E E‘ILE(I)

NCC=KREE 2

TF(IEVEN.EQ.1) NOC=NOC-1 |
E 360 L\m

EURMAT( (() ,'NC. OF CI'IARA ERS TRAMSFERRED : ', IS,

¥ ¢includes CR and LF

i
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V02.5-2  Thu 10-Jun-82 17:09:44
%Eghzszimo(qrwc,zse)
PRITS (1 T IREC) TZERO
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FORTRAN IV

0001
0002
0003
0004
0005

1210

1230

1240

1250

. 1260

V02.5-2
SUBROUTINE AQC

IMPLICIT INTEGER (C,N,R,X,Q,S) :
COMMON RCSRL, RBUFL, XCSR1, XBUFL , RCSR2, RBUF2, XCSR2 XBUE'2, READY,

( 19)" "015/

NEWCHA
LCGICAL*} ACC(ll)
DA %c 0

CALL

CONTINUE

CALL NAP e
Do 1230 I=1,4
NEWCHA=KEY (I ).

CALL
CONTINUE

; NAP
0 1240 1=1,4
NEWCHA=TER (I}
CALL SNDWYL

CALL SNLCRT
CONTINUE

CALL NAP

Do 1250 I=1,15
NEWCHA=VOL(I)
CALL

KEY(“?

[ L' 'D ’
' lNl 0! L\ |Ic'|Mt 11015/
‘ ESC

-146-
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150, TER(4), TR
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1.

2.

AFPENDIX F

Tables for The Heart Rate analysis

Standardized Heart Raté Data
The Results of The Analysis of Variance for HR

The Results of The analysis of variance for HR
After insignificant factors have been pooled

The Results of The Analysis of Variance Using "
Pactors DIS and CLE

The Results of The Analysis of Variance for
The model with_'iUB AND DIS
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STATISTICAL ANALYSIS SYSTEM 1
: 0% 3% SATURDAY, JUNE 12, 1982

ANALYSIS OF VARIANCE PROCEDURE
CLASS LEVEL' INFORMATION

CLass ~ LEVELS  VALUES

suB 9 1234567809

D 4 10.0727 5.116119 6.338511 8.850307
AL 3 0 30 60

AR 3

0 30 60 //f*’”—

NUMBER OF OBSERVATIONS IN DATA‘SET = 324

STATISTIGAL ANALYSI SYSTEM 2
: , 0:34 SATURDAY, JUNE 12, 1982

ANALYSIS OF VARIANCE PROCEDURE

DEPENDENT VARIABLE: HR ‘ : N
SQURCE : DF SUM OF SQUARES MEAN SQUARE
MODEL 71 59272.43006174 834.82295862
ERROR 252 163362.31833333. . 648.26316799
CORRECTED TOTAL 323 222634.74839507
MODEL F =. 1.29 ' PR > F = 0.0815 -
L . .
R-SQUARE - c.v. ~ STD DEV  HR MEAN
0.266232 50.2287 25.46101271 50.69012346
SOURCE . " bF ANOVA SS F VALUE PR > F
SUB | L 8 23231.11672840 4.48 0.0001
TD 3 9855.76469137 5.07 0.0022
SUB*TD 23 13459.84030863 0.87 0.6499
AL 2 155.60598766 . g.12 0.8870
SUB*AL 16 7500. 33234567 0.72  0.7695
AR 2 290.42302470 6.22  0.7935
SUB*AR 16 4779.34697530 0.46 - 0.9632
-
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ANALYSIS OF VARIANCE PROCEDURE ’
CLASS LEVEL INFORMATION . : -

CLASS - LEVELS VALUES '
SUB 9 1234567889,
™ 4 10.0727 5.116119 6.338511 8.850307

NUMBER OF OBSERVATIONS IN DATA SET = 324

STATISTICAL ANALYSTIS SYSTEM 2
: 0:55 SATURDAY, JUNE 12, 1982

ANALYSIS OF VARIANCE PROCEDURE

DEPENDENT VARIABLE: HR ' ’ -

SOURCE : DF SUM OF SQUARES MEAN SQUARE
. MODEL S 8! 33086.88141977. 3007.89831089
ERROR ‘ 312 189547.86697530  , 607.52521466
CORRECTED TOTAL 323 222634.74839507 '

MODEL F = 4.95 ' PR > F = 0.0001
R-SQUARE C.V. STD DEV HR MEAN
0.148615 . 48.6249 24.64802659 - 50.69012346
SCURCE DF ANOVA SS F VALUE, PR > F
SUB 8 23231.11672840 - 4.78 0.0001
TD 3 9855.76469137 5.41 0.0014

jl

"t . -1 50“.
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STATISTICAL ANAL Y‘g/; S S Y.S TEM %
. +  0:55 SATURDAY, JUNE. .12, 198

ANALYSIS OF VAﬁ?RNCE PROCEDURE ‘ : o
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE HR. A

-

MEANS "WITH THE(SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

i
d
!

ALPHA LEVEL=.05 DF=312 . MS=607.525
 HBYE _ ;
GROUPING o - MEAN N TD _ I
A 157.548148 81  6.338511
A 54.619753 81  10.0727 ;
B - 46.008642 8l  5.116119 (
- B 44.583951 8L '8.850307 - 1
( | |
’ . i
N !
. i
=
¢’

. i
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CLASS
»
SUB

DIS
CLE

STATISTTICAL

DEPEN%ENT‘VARIABLE: HR

§OURCE
MODEL -
ERROR _

—

bORRECTED TOTAL

MODEL F =,

R-SQUARE .
0.209072

.SQURCE

+ SUB

DIS

SUB*D1S
CLE

. SUB*CLE
DIS*CLE

SUB*DIS*CLE

A
, . ’ ‘ .
ANALYSIS OF VARIANCE PROCEDURE ™
CLASS LEVEL INFORMATION S
LEVELS VALUES o
"9 -1 2 56789 f "
2 150 /350 )
"2 0.45 8.65 .
NUMBER OF OBSERVATIONS IN DATA SET = 324 >
ANALYSIS SYSTEM 2
1:04 SATURDAY, JUNE 12, 1982
~ ANALYSIS OF VARIANGE PROCEDURE ‘
DF SUM OF SQUARES " MEAN SQUARE
35 46546.72172840 - *+ 1329.90633510
288 176088.02666667 611.41675926 -
323 222634.74839507 '
2.18 PR > F' = 0.0003"
S k . . )
- c.v. & STD DEV - HR MEAN °
48.7804" 24.72684289 50.69012346 "
DF ANOVA SS F VALUE PR > F
8“7 23231.11672840 "4.75 . 0.000L:
1 9426.25234568 15.42  0.0001
8 7384.71043210 1.51  0.1523
s 1 383.'72456790 0.63 - 0.4289
8 3738.36598765 0.76 0.6346
1. 35.78777778 -0.07 .~ 0.7845
8 2336. 76388889 0.48  0.8716

-
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. ANALYSIS OF VARIANCE PROCEDURE
- CLASS LEVEL INFORMATION

CLASS LEVELS ~  VALUES
suB 9 2123456789
DIS 2 150 350

NUMBER OF OBSERVATIONS IN DATA SET = 324

STATISTICAL ANALYS.IS SYSTEWM - 2
’ . ‘ C 1:15 SATURDAY, JUNE 12, 1982

: ANALYSIS OF vARiANCE PROCEDURE
DEPENDENT VARIABLE: HR

MEAN SQUARE

SOURCE DF SUM OF SQUARES

" MODEL 9 32657.36907408 3628.59656379
ERRQR 314 189977.37932098 605.02350102
CORRECTED TOTAL 323 222634.74839507

MODEL F = < 6.00 - PR > F = 0.0001
R~SQUARE C.V. , STD DEV HR MEAN
0.146686 48.5247 24.59722547 50.69012346
' SOURCE ~ : ~ DF ANOVA SS F VALUE . PR > F
SUB \ : 8 23231.11672840 4.80 0.0001
DIS . 1 9426.25234568 15.58  0.0001
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STATIST ICAL ANALYSTIS SYSTEM
. 1:15 SATURDAY, JUNE‘lZ, 1983

ANALYSIS OF VARIANCE PROCEDURE
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE HR

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

ALPHA LEVEL=.05 DF=314 MS=605.024
* . GROUPING MEAN N DIS'
A 56.083951 -1le2 350 °
B © 45.296296 162 150
V .
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APPENDIX G.1

The Results of The Analysis of Variance for The HRVI
with All The Main Effects

.
(’/\7
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1 . S TAT ISTICAL AN ALYSIS SYST
5:16 WEDNESDAY JUNE 30, 982

- NOTE: THE JOB HRVIB HAS BEEN RUN  UNDER RELEASE 79- 5 OF SAS
. AT THE' UNIVERSITY OF WINDSOR (:00666).

NOTE: %%SGgPTIONS SPECIFIED ARE:

2 e Ze2 P 22 S
Wi OO0 Wwisowie QWO W

1 DATA; ' :
2 INPUT CNDTN SUB AL AR DIS CLE;
'g 2 DIS CLE; ~.
5 RETAIN é % AL AR DIS CLE TD;
6 DO I=1 15;
7 INPgT R L @@;
8 . =R*100.0% N .
9 L=L*100.0;
10 IF L GE R THEN PT=L; .
11 IF L LT R THEN PT=R;
12 QUTPUT ;.
13 END;
14 DROP I X L'R;
15 CARDS; _
NOTE: SAS WENT TO A NEW LINE WHEN INPUT STATEMENT
REACHED PAST THE END OF A LINE.
§8§E6852$QKSET WORK.DATAl HAS 4860 OBSERVATIONS AND 8 VARIABLES.
OTE: THE DATA STATEMENT USED 4.53. SECONDS AND 160K.
12 - PROC _SQRT;
13 BY SUB"AL'AR DIS CLE;
EE6B8A¥AKSET WORK.DATALl HAS 4860 OBSERVATIONS AND 8 VARIABLES .
TE; THE PROCEDURE SORT USED. 3.85 SECONDS AND 282K.
14 PROC MEANS NOPRINT;
15 VAR PT; -
16 BY SUB AL AR DIS CLE;
17 QUTPUT OUT=DATA2
18 MEAN=MEANPT;
19 ID SUB AL AR DIS CLE;
EES s?%AKSBT WORK.DATA2. HAS 324 OBSERVATIONS AND 1l VARIABLES.
TE: THE PROCEDURE MEANS USED 3.00 szcomns AND 164K.
20 PROC SORT;
21 BY SUB AL AR DIS CLE; ,
QTEO g?gA SET WORK.DATA2 HAS 324 OBSERVATIONS AND 11 VARIABLES.
NOTE: THE PROCEDURE SORT USED 0. 75 SECONDS AND 282K.
1322 DATA DATA3;
23 INPUT CNDTN AL AR DIS CLE-
1324 TD= LOG2(2 0*DIS/CLE);
1325. DO SUB= 1 TO 9;
igzs INPUT HRV @@; .
27 OUTPUT;
1328 END;
1329 CARDS;

NOTE: SAS WENT TO A NEW LINE WHEN INPUT STATEMENT
REACHED PAST THE END OF A LIN

NOTE: DATA SET WORK.DATA3 HAS 324 OBSERVATIONS AND 8 VARIABLES. 1
9] OBS/TRK

NOTE: THE DATA STATEMENT USED (.42 SECONDS AND 162K.

1402 PROC SORT;

14063 BY SUB AL AR DIS CLE;

NOTE: DATA SET WORK.DATA3 HAS 324 OBSERVATIONS AND 8 VARIABLES. 1
géTg? HE PROCEDURE SORT USED 0.72 SECONDS AND 282K.
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2 STATISTICAL ANALVYSTIS SYSTEM
"~ 5:16 WEDNESDAY, JUNE 30, 1982
1404 DATA DATA4; S
1405 MERGE DATA2 DATA3;
1406 BY SUB AL AR DIS CLE;
1407 NEWHRV= HRV/MEANPT*lob
1408 DROP CNDTN
gQTgéSDATA SET WORK.DATA4 HAS 324 OBSERVATIONS AND 9 VARIABLES. 1.
NOTE : 4 HE DATA STATEMENT USED 0.60 SECONDS AND 162K.
1409 . PRCC ANOVA;
1410 CLASSES SUB TD
1411 . MODEL, NEWHRV=S(B TD ;
1417 MEANS TD/DUNCAN; . o
NOTE: THE PROCEDURE ANOVA ggzg 1.30 SECONDS AND 182K

D PRINTED PAGES
'NOTE: ; SAS
SAS

BOX 8
CARY,

TITUTE INC.
CLE -

e :
.C. 27511
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STATISTICAL ANAL

CLASS
SUB
TD

S:
BANALYSIS OF VARIANCE

YS IS SYSTEM 1
16 WEDNESDAY, JUNE 30, 1982

PROCEDURE

CLASS LEVEL INFORMATION .

PEVELS VALUES

9 1234567809
4 - 10.0727 5.116119 6.338511 8.850307

NUMBER OF OBSERVATIONS IN

DATA SET = 324
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STATISTICA AL

DEPENDENT VARIABLE: NEWHRV -~

SOURCE _ DF
MODEL 11
ERROR . 312
CORRECTED TOTAL 323
MODEL F = 7.25
0.203574 52.7941
SOURCE ' DF
SUB 8
™D T 3
2
\

ANAL

" SUM OF SQUARES

418.87603063
1638.73857741
2057.61460804

STD DEV
2.29180436

-159-

YSIS SYSTEM 2
5:16 WEDNESDAY, JUNE 30, 1982
. ANALYSIS OF VARIANCE PROCEDURE '

MEAN SQUARE
38.07963915
5.25236724

PR > F = 0.0001

NEWHRV MEAN

4.34102550

F VALUE PR > F

6.96 0.0UO}
8.04 0.000

et e
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STATISTICAL "ANAL ¥YS IS SYSTEM 3
' ' . 5:16 WEDNESDAY, JUNE 30, 1982
ANALYSIS OF VARIANCE PROCEDURE ‘
'DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE NEWHRY

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT. ‘ E

ALPHA LEVEL=.05 . DP=312 MS=5.25237 f

GROUPING MEAN N TD ;
' 2 5.026034 8l 5.116119

‘oA 4.889636 8l 6.338511 i

g 3.851146 8l  8.850307 ;

B 3.597286 81 . 10.0727 :
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APPENDIX G.2

The Hesulta of vrhe Analysis of Variance Using New
Model
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“ 4  STATISTICAL ANA

LYSIS SYSTEH 1.
9:41 WEDNESDAY, JUNE 9, 1982 ,
NOTE: THE JOB HRV HAS BEEN RUY UNDRT RELE%SE 79.5 OF SAS :
AT THE UNIVERSITY OF WINDSOR (00666). :
NOTE: %AS QPTIONS SPECIFIED ARZ: . o ;
1 DATA;
2 INPUT c?nn AL AR DI? CLE;
3 TD=L0G2(2.0*DIS/CLE);
3 DO _SUB="1 TO 9;
g INPUT HRV 2@;
L. OUTPUT ; -
T END; . -
8 CARDS;
NOTE: SAS WENT TO A NEW LINE WHEN INPUT STATEMENT
REACHED PAST THE END OF -A LINE
N?TgésD%E& SET WORK.DATA1 HAS 324 OBSERVATIONS AND 8 VARIABLES. 1
ROTE: 4HE DATA STATEMENT USED 0.43 SECONDS AND 160K.
81" PROC ANOVAj;
82 CLASSES SUB TD AL AR;
83 'MODEL HRV=SUB TD AL AR SUB*PD SUB¥*AL SUB*AR;
81 MEANS TD AL ARéRUNCAN,
82' TEST H=TD E=SUB*TD;
8 ‘ TEST H=AL E=SUB™AL;
87 TEST H=AR E=SUB¥AR;
NOTE: THE PROCEDURE ANOVA USED 2.28 SECONDS AND 188K
AND PRINTED PAGES 1 TO 5.
NOTE: SAS INSTITUTE INC.
‘SAS CIRCLE
BOX 8000
CARY, N.C. 27511

STATISTICAL AN AL YSIS SYSTEM
9147 WEDNESDAY, JUNE'9, 1982
ANALYSIS OF VARIANCE PROCEDURE '

CLASS LEVEL INFORMATION .
CLASS LEVELS - VALUES _
SUB 9 1234567839

5 ) | 4 10.0727 5.116119 6.338511 8.850307
AL '3 0 30 60
AR 3 0 30 60

NUMBER OF CBSERVATIONS IN DATA SET = 324
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STATISTICAL ANALTYSIS SYS

TR M . 2
'9:47 WEDNESDAY, JUNE 9, 1982

ANALYSIS OF VARIANCE PROCEDURE
DEPENDENT VARIABLE: HRV

-163-

SOURCE DF SUM OF SQUARES MEAN SQUARE
 MODEL Tt 64537.09750001 . 908.97320423
ERROR 252 129090 .87888889 512.26539242
CORRECTED. TOTAL . 323 193627.97638889 :
MODEL F = SN - PR > F-= 0.0007
R-SQUARE C.V. STD DEV - HRV MEAN
0.333305 50.5845 . 22.63328064 44.74351852
SOURCE . DF " ANOVA SS F VALUE PR > F
SUB 8 2%094.91500001 5.64  0.0001
TD 3 7943:01935186 £:17 0.0019
AL 2 516l 19883186 3:03  8-0474
AR 2 53%.82907408 8.5 0.5
SUB*TD 24 171%9.32870370 1239 0.1092
SUB*AL 16 8554 .19037036 1904  0.4111
SUB*AR 16 4110.61814814 0.50 0.9453
TESTS OF HYPOTHESES USING THE ANOVA MS FOR SUB*TD
AS"AN- ERROR TERM !
SOURCE . DF- ANOVA. SS F VALUE PR > F
TD 3 7943.01935186 - 3.71  0.0253
TESTS OF HYPOTHESES USING THE ANOVA MS FOR SUB*AL
AS AN ERROR TERM
SOURCE DF ANOVA SS F VALUE PR > F
AL B 2 3161.19685186 2.96 0.0808
TESTS OF HIPOTHESES USING THE ANOVA MS FOR SUB¥AR
AS AN ERROR TERM ‘
SOURCE _ DF ANOVA S§ F VALUE PR > F
AR . 2. 533.82907408 1.04 0.3765
)
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STATISTICAL ANALY S
. 9: 41 WEDNESDA¥ JGNE 5 1983.
ANALYSIS OF VARIANCE PROCEDURE

DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE HRV'

AEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY, DIFFERFNT.

ALPHA LEVEL=.05 DF =252 MS=512.265"
GROUPING . = MEAK® N _ TD
A 51.664198 81 6.338511
B A\ 47.190123 81~ 10.0727
B .8 40.451852 " 81 8.850307
¢ 39.667901 , 81 5.116119
. v ‘
STATISTICAL ANALYSILS ‘SYsTEHM- 4

9:41 WEDNESDAY, JUNE 9, 1982
ANALYSIS OF VARIANCE PROCEDURE
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE HRV

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY'DIFFERENT.

ALPEA LEVEL=.05 .7 DF=252 ' NS=512.265 .
i .
~ 'GROQUPING - . MEAN v AL
‘o ﬁ 47.742593 . 108 - 30
2 A 46.052778 108 0
B 40.435185 108 60
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STATISTTICAL AIN A-L9¥4§ I S

ANALYSIS OF VARIANCE PRCCEDURE
DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE HRV

SYSTEMN *~ 5
WEDNESDAY, JUNE 9, 1982

MEANS WITH THE.§AME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

T . i
ALPHA LEVEL=.05 . '  DF=252 . MS=512.265 }
L ‘ , . 1
. !
GROUPING : MEAN N AR !
ﬁ 45.953704 108 30 ‘

'ﬂ 45.310185 108 0

A

42.965667 108 60
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