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PREFACE

My interest in the effects of stress or arousal upon
performance was initiated by my own flying expemences As
such th1s research was conducted, in essence, as a pilot selection
programme. Prior to commencing this 'study I visited fhe South ‘
African Air Force Pilot Selection centre at thé Military Medic'al
Institute (M.M,I.) at Pretoria. Commander Gustav Pansegr,c_nﬁw.
S.A.N. was kind enough to furnish me with an immense amount
- of fairly confidential information with regard to selection. pfg_céd};rés.
ﬂ'In es.sence then, the present study does in fact conform to an

aspect of pilot selection.

I have gone into sofne detail with r,ega‘rd to the |
rationale of reaction time tests. Similarly I. have coveréd quite |
- .extensively the basis of the Taylor Manifést Anxiety scal‘e ‘ Thi.s'_}_‘
was done so as to emphasize the Drive-Theory aspects of the
scale, a factor of some 1mportance in the present study, sm,Ce
'the M.A. scale was employed as a means of assessing sub_;ecns' '

residual arousal level.

M.J. E".So

Cape Town,
October, 1973.
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SUMMARY PAPER

REACTION TIME, PERFORMANCE AND
LEVEL OF PHYSIOLOGICAL AROUSAL

ABSTRACT

30 Male Students were used as subjects
in a study to assess the effects of physiological
arousal, induced by means of a placebo inject-
ion, upon visual reaction time. Two levels of
task difficulty were employed : a two-choice
test requiring manual responses and a four-
choice test, in which the additional two periph-
eral stimuli were responded to by foot pedals. '
Manifest Anxiety scores were used as a means
to categorize subjects and allow for individual
-differences. EEG was monitered as a controll-
ing measure for each subject. Pulse rates,
palmar sweat index and blood pressures were
used as measures of physiological arousal.
Results were interpreted in terms of the Yerkes-
Dodson principle.

This stﬁdy was conducted with a view to extending the
principle of the Yerkes-Dodson Law to cover reaction time perform-

ance as functions of task difficulty and level of physiological erousal.

‘In order to establish level of residual arousal in subjects, the

Taylor Manifest Anxiety Scale was delivered prior to the ‘experiment.

.Subjects were gfouped into three Anxiety levels. Scores on the -
. . MAS ranged from zero to 26 with the mean of the distribution at

~ - 15.3 and the median at 10-5. (Taylor 1953).

The design allowed for a 3 x 2 x 2 Factorial Design

‘with three levels of Manifest Anxiety, two levels of arousal and two

levels of task difficulty. To circumvent the PFPositional Effect due to



practice, half the subjects completéd the_easier_ Task 1 before the
arousal situation ( effe‘cted bya plaéebq "ivnjéﬂction) and ‘the‘r'l complete.d"
the _mor,é complex Task 2; whil_é‘ the 'ovthle'r'v ha.lf. of the subjécfs
completed this seciuepce in f_revér_s_e... |

The aﬁparétus was »constru:cted. in the form of an
aircraft cockpit. The intericr fé.scia was painted mat black. ‘Two " ,
| central red lights were mo@ted 30 cmé apai*f._ The box-shaped sides
. of the cockpit extended back And éutv\%ards.‘ In .thes.e sides were
mounted the two peripherai white lights, These were rnounteahi at an
- angle of 60° from the central visual linebéiné thus 90 cms aﬁarf.-
The cockpit was set onto "a.tav‘.ple of‘. sfandafd dimensions, suc?l that,
when seated the subjeéts' vision wa§ "directe'd to the interior fa.sc‘ia.
Responses were both manual anc.i‘ped;a-’l..‘ The central stimuli were _' -
responded to manually by two morse keys, while the peripheral
stimuli were responded to on foot pedé.ls. Task 1 involved only t_hev
central stimuli presented in random sequence and time. Task 2
involved both the central Vstimuli together with the peripheral S{)im'elli;
which were likewise presented in random sequence,. The prbgramme
was presented by means of a 211LB Hewlett- Packard Compu:i;er with
a timer which timed reaction times  in ?n-illiseconds .‘ EE G rhythm was
" monitored to serve a.s ;a.”cont'r."r‘)l:fo.r ieach squéCt.' Beyond a certéin
.critical amplitude wave, a Sch?riitt-triggelr fired and the pre-p_rog;ramr;iéd
computer presented the s.tir.nulus.' | Thué, vfor each subject the stimuli
were presented only on an ascendiné brain-wave of sufficient

amplitude to triggér the electrical response to the computer.



Lansing, 1957)

Physiological arousal was induced by means of a
placebo injection of ‘Normal Saline described to the subjects_ as
adrenal’ine;. the effects of which were described in full. to éach
subject. Indices of physiqlogical arousal taken were blood pressure,
pulse rate, and a novel ﬁethod of palmar sweat index. A chemical
‘vgompound composed‘ of 5 gnﬁ -Pol.y.vinyl formal (Formvar 15/95E) .r"nl‘ iiy_':.‘
of butyl phthalate and 120 mi of chloroform was used to measﬁr‘e PSI,
The. compound was painted onto the subject's finger; it dried in a |
férm of a skin revealihg small pits at the site of sweat glands. The
irﬁpression thus formed Waé placed' onto a microscope slide and thé
number of pits in a 4 rﬁm area defined the PSI (Dabbs et al 1968).

The results of the physiological indices wére ana_lysed in
each case by a Two-Way Analysis of Variance with rc.epeated‘
measurements on 'Factor B (before and after arousal). Significant
pre- and post- arousal effects were obtained for all the measuréments '

taken, although no difference on the basis of MA scores was obtained.

DISCUSSION:

On the basis of the Yerkes-Dodson principle it was
expected that reaction time performance as a function of increasing
arousal would follow a curvilinear pattern (Corcoran 1965).

Further i£ was hypothesized, that with increasing task complexity,
optimu.m performance would be lo.wered. These two conditions'
define the Yerkes-Dodson principle (Broadhurst 1959). Résults were

ranalyse_d on a 3 way falysis of Variance. The only significant -



interaction obtained was that between Factor B and Factor C.

(Arousal level and Task Complexity). However, the results did
show .that in general h{gh anxiety scores were associated with slower
.reaction.tir;qes on both sirriple and cornpiex tasks. See Fi_g;ures 1 and
"‘2 m the results. Moreover, resulté ipdicate that the .aroﬁsal situation
had an overall inhibitory effect upon performance of Task 1, while it
- showed a facilitatory effect upon Task 2, with high anxiety subjects
- utilizing most effectively the effects of induced arousal. | |
Further of anaiysis of the results on a 3 Way Analyéi‘s.
.Qf Variance indicated the same trends shown in Figures 1 and 2.- |
These ;*esult's were compérable to those obtained in similar studi‘ésr.
| (Kamm and Clark 1957; Olmedo and Kirk 1971). The Yerkes-
 Dodson principle served as a valuable tool 'fqi:- exﬁlaining. rgsuli;s.
However, vowing to the apparent total lack of correlation b.etwev‘en:
physiological measureArnents of arousal and Manifest Anxiety scores,
the Manifest Anxiety score did not serve as an accurate mean‘s o.f.i
assessing .subjects' residual arousal. Consequently while larger‘
trénds were apparent - high anxiety associated with slow performance -

the finer points of interaction between arousal level and peffor‘ma.nce

" were not obtained.



RESULTS

FIGURE 1

Graph showing mean performance on Task 1

~ before and after the administration of the
placebo injection. Reaction time scores are
given in reciprocal values x 100
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FIGURE 2

- Mean performance on Task 2 before and after
administration of the placebo injection. Reaction
time scores are given in reciprocal values x 100
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CHAPTER 1

APPARATUS
EXPERIMENTAL PROCEDURE
EXPERIMENTAL DESIGN

- HYPOTHESIS

B "The essence of my complaint is that by partly
satisfyin‘g the investigator's demand for loéical consistency,
experimental desigﬁ protects him from the acute discomfort

- which the general theoretical chaos should induce in him,

- and thereby inhibits him from. lending a hand in the job of
éleansing th‘e Augean stables of current psychological
theory. The need has been urgent for a long time, but
so far the cleansing stream has been liftle more than a
trickle, and for this. I put at least vpar-t of the blame on

blind faith in the efficacy of experimental design."”

J.G. Taylor from "Experimental Design'

a cloak for intellectual- sterility. "

(1958)



APPARATUS.

The apparatus used in this study was consistént»witli the
s_tandard,type used in most visual reaction time tests. However,
certain modifications were introduced. The design of the experiment‘
itself was based upon programmes employed in the South African
and other Air Forces of the WOI‘ld‘. As such the apparatus was
éoristructed in the form of an aircraft cockpit. The interior fascia
: wéls painted mat black. Two central red lights were mounted 36
centimetres apart, each one being 15 centimetres from the midline.

 The half-box-shaped cockpit's sides exte}nded back and outwbards. .
In these sides were mounted the 2 peripheral white lights. Thesé

: Aw"e‘_re mounted at lan angle of 60° from the central visual 1i_n'e being
thus éO centimetres apart. The cockpit was set onto a table of
standard dimensions, suchlthat, ‘when seated, the subject's \risiori
‘'was almost entirely excluded by the interior of the cock’pit, extraneous
visuai stimuli being reduced_'to_ a minimum. The ceiling of the cock-
pit glso extended backwards and upwards, ‘similarly foclusing the

the subject's attention onto the faséia.

T'wo manual response '"Morse-keys'" were placed on the
table in the cockpit 30 centimetres apart, and 15 centimetres on either
side of the ’midline. Thus the morse-keys were diréctly in line with
‘each of the two céntrai stimulus lights. On the floor were set two
pedal switches which were depressed by the subject's feet w.henever
the peripheral lights were .illuminated.l | The central lights ‘were |

re'sponded to by means of depressing either of the two morse-keys.
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In both cases the subjects responded ipsilaferally depressing the left
key when the left'centrall light was lit and similarly the riéht foot
pedal was depressed ’when the right peripheral light was lit.
- Stimulus bresenfationé occurred randomly as prescribed by the
computer programme written for the test. A 2114 B Hewlett-
Packard computer with a ti-mer was used to activate the stimuli
and record response latencies.

Oﬁ the basis éf evidénce from EEG studies in reaction
time the present design incorporated a Beckma,ﬁ Dynograph EEG
Recdrding Machine. EEG electrodes and a screened cable ffom the
subjects! scalp transmitted thevEEG data to the Dynograph. The
reason for use of EEG monitoring in this study was purely a;s a
means of control. Any ”brain—wave" amplitude beyond a certain
critical threshold va}ue triggered a Schmidtt trigger which seﬁt an
» impulse to the compﬁter, ‘which in tern presented the stimulue.
‘Clinical apparatus used included syringes, needles and
Normal Saline solution. The apparatus used for assessing degree
of physiological arousal included a stop watch, a Sphygnoman%.o'mrvevter
(for ébtaining blood pressures) and a palmar sweat index compound.
~ The latter chemical compoﬁnd consisted of the followinrgv ingredients:

5 grams of Polyvinyl Formal (Formvar 15/95E)

15 ML. of butyl phthalate
100 ml of ethylene dichloride

.' Poiyvinyl formal withdraws from moisture in the orifices of active
sweat glands leaving holes or bubbles in the paint; butyl phthalate

gives strength to the paint. The compound is painted onto
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a finger and dries 1n 10~15 seconds. It forms a plastic skin which
can be removed and examined under a microscope slide. . Under
.10.;( magn'ification active sweat glands appear as holes a}on_g the
ridges of the fingerprh:lt, and the number of holes in a 4 millimetr‘e
,Squére area defines the Palmar Swéat Index (PSI).

Finally a portable tape-recorder fitted with headphones was
used to give pr-ee-experi.mental instructions ‘to each subject. The

' "'hea-dphones remained in position on the subject's head throughout

-~ the experiment and served as a convenient screen against extraneous

- auditory stimulation.

EX?ERIMENTAL PROCEDURE,

The finding of subjectslfor" an experiment of this nature can
produce some amusing incidents; rﬁore often than. nof, _howev"er, it |
is a'tedious and almost rather harrowing business. In acknowledge-
ment of this, I pay credit to 'my undergraduate assistants who
' sucoeeded in scrounging together twenty of the thirty subjects used
for this study.

Each subject was given a copy of the 'I‘_aylor Manifest
. Anxiety Scale and asked to complete it. This procedure was
completed some two weeks prior to the commencement of the
experiment. According to scores obtained on the MAS, subjects
were grouped into three groups corresponding to Low, Medium and
High Aﬁxiety groups, 'I‘hisv proéess allows for a certain amount of
categorization of 511bjécts with respect to their individual diffex“ences

in residual arousal, a point which has been emphasized in this study.
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The actual experiment was conducted over five consecvu.tivé
. evenings working from appr'oximately 5 p.m. till 10 'p.m. on each
evening. On arr.ival at 'the exberimental labo.ratory subjects were
- ushered into a waiting room where they were asked to relax. They
Qere giveﬁ cups of tea aﬁd biscuits, (as promised when being
engaged éLs subjectS) and were then given a very brief and hazy
account of the experiment which they were about. to per'form’. It
was indicated to the subjects that the author himself was a qualified
pilot and that as such the test being conducted w_aé one designed to
assess subjects! probable ability with respect to aviation.

A qualified nursing siéter then recorded the subject'!s pulse
‘rate, blood pressure and palmarv sweat index. The subject was thén
_ushered into the laboratory where he was asked to seat himse.-lf..
comfortably at.the "controls". EEG electrodes were then attached
" to his scalp and thé'threé indices of physiological arousal were again
taken. Headphones were then placed in position over the su'..bje:ct's
ears.

At this point. the subject!'s pulse rate, blood pressure {md
‘palmar sweat index were again recorded. This was done so as to
make allowance for the undoubted arousing effects induced by the
experimental surroundings and somewh;':tt dramatic clinical procedﬁ're
thus far. The mean of the two pre-arousal (injection) sets of
‘indices was thus used as a baseline to assess the effects of 'thé
~ later inducéd arousal by the p}acebo injection. .The following

_instructions were given to the subject through the he;adphones.
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"Good evening, the test :;fou are about to perform was developed
during fhe Second World War as a means of selecting pilots best
suited for aerial combat. Such a test must assess two basic
qualities;' firstly., the degree of quily co-ordination a person
possesses, énd secondly an indication of how quickly he can react.

In front of you you will see four lights; two red innér lights and

two white outer lights which are termed '"peripheral" lights. On the
“table in front of youvare two morse-keys and on thé floor are two
pedal-.switches. What you will be required to do is to depress with
your finger as quickly as‘ possible the. left key when the left red light
comes on and the right k¢y when the right red light comes on. In
the case of the peripheral white lights, you depress"thé left pedal

with your left foot when the left péripheral light comes on and éimilarly
depress the right pedal when the right peripheral light comes on.

Now rest the index .finger;s of your left and right hands én the left

and right keys respectively, and similarly lightly rest your left énd
right- feet on the pedal sw-itches. Do not be perturbed if the peripheral
lights are not illuminated immediately, they will be in due course. If
you understand all the instructions so far please smile. Tha.nk you.
'Finally, beforeé commencing, the electrodes that have been placed on

" your scalp are to measure .your brain rhythm. It has beeh found
that the best pilots have a characteristic "brain-wave'. Please try

to avoid sudden sharp movements of your head as the electrcdes may
become dislodged. Are you ready? If you are you may smile again.

Thank you, and good luck"
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At this 'stage the tape was discontinued and the test began.
Subjects were not informedk'as to whether they wére aboutvto perform
Task 1 or Task 2, that is whether or not the peripheral lights would
aiso be illilminat.ed’. A practice. pefiod of 10 stimulus pfesentations
: ,x;vas given prior to the commencement of the 50 experimental |

- presentations. Task 1 was defined by 50 central stimulus presentat-

~ ions in random sequence and time; Task 2 was defined again by

.‘presentation of 50 central stimulus presentations, but superimposed on
; thesé were presented 60 peripheral stimulus presentations.: The
.nature of Task R was é}uch fhat it was a more complex and demanding
.test‘calling for a fair degree of bodily ‘co-ordination, employing as it
.-did the use of all four limbs. For purposes of this study, only |
responses to the central lights were recorded; the iﬁtroductioh of .
Task 2 being merely a means of.raising the level of task diffi'cul'f;y.,

On completion of the first half of the test, whether it was
Tas}k 1 or Task 2, a second tape recording was played to the '
subjects through the earphones still in position. The following
information was then given éo them: "So far you lhave been subjected
to conditions of what might be considered to be 'normal fiight”.
‘Obvibusly in the case of aerial combat such a situation does not

last. In a situation of aerial combat you would be in a state of',

extreme excitation, or more accurately perhaps, very scared. You

~will undoubtedly be familiar with the bodily sensations accompanying.
~ this state of fear. Among the symptoms that you will have been

aware of are these: palpitations, or awareness of your own heart-
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beat, dryness of mouth, shallow, quick breafhing and'sweatiness on
the palms of your hands. Other symptoms that you will not have
been aware of are: ir}creased blood pressufe and dilation of the
pupils of ycSur eyes. Within your body are two small glands locéted
above the kidneys, callea the adrenals. These glands are responsible
for the secretion into your bloodstream of the hormone adrenaline. It
; is this substance adrenaline which is largely responsible for the
- symptoms which have just been described. Now since in normal
.ﬂight conditions the. heavy secretion of adrenaline would not occ’ur‘it
would be impossible to simulate the state induced by its secretion.
“Would you consent to having a small injection of adrenaline so as to
obtain this effect? You are not obliged to participate, but obviously
1f you do not we cannot draw any conclusions from your results. If
you do consent will you please nod your head. Thank you.
Immediately after receiving the injection you should become aWare of the
symiotoms described. Once again these aréf palpitations, dryness of
‘mouth, sweatiness on the palms of your hands and most probably a
mild dizziness. Thesé effects should wear off in about five minutes
" as adrenaline is a very short-lived hormone. Shortly after this wou
will probably feel remarkably finé since adrenaline, amongst its other
symptoms already described, tones up the system most effectivgaly.
Thank you for your participation SO far".

Following the subject's consenting to receive an injection
(only one subject declined this; his results were not recorded arnd

another subject was found in his place) the attendant nursing sister
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administered the placebo vinjerction. This consisted of 1 c:c ofv

Normal Physiological Saline,_ injected inframuscularly into the'left arm.
Cottonwool and ether were used to cleanse the localized area o'n the
skin. Et'her was chosen as the spirit most suitable for this purpose
since it has strong clinical and hospital connortations .. This iaéint is
discussed in greater detail in Chapter V. Immediately a:ftér
administration of the injection, pulse rate, blood pressure and palmar
. sweat index were again recorded. The difference in readings
between the mean of the first two recordings of indices énd the post-
injection indic,;es was used as the criterior for successful arousal

. inducement. (See Results.) With the completion of the physiological
tests the next reaction time test was presented to the sﬁbject, t;hus- if
he had just completed Task 2, Task 1 was now presented. Orn final
completion of the second task the subject was thanked for his partici-
pation in the experirﬁent, pledged to secrecy' éoncerning the '"adrenaline"
injection and given a cup of tea and biscuits.

Each subject's _results were given in ''print-out" for‘rr.l from
the Hewlett—P;ackardv computer's teletypewriter. These results were
then recorded on the subject!'s experimental cafd on which were
similarly recorded his Manifest Anxiety score and physiological
indices. Results were kept confidential unless épecifically asked for
by the subject himself. |

As the ‘testing was conducted over five consecutive evenings,
approximately six subjects Were tested per evening. Notwithstanding

‘the staggering of times at which subjects arrived, the inevitable delays
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and converse ‘''concertinas" did occur. However, with practice and
increased proficiency at their various duties the experimental team

- performed admirably under fairly trying conditions. = Occasionally too,

" the computer lost its memory and had to be reprogrammed;

nonetheless, testing was successfully completed on schedule having

| “proved to be interesting and at times highly amusing.

ANALYSIS OF THE EXPERIMENTAL DESIGN.

The experimental design employed iﬁ this study was ac{ce})ted .
after the rejection of many pOSSib.le alternatives. In essence the
-design had to allow for: three levels of Manifest Anxiety, two levels
of task complexity, and two levels of arousal. At first élance this
| appears straightforward enough since a 3 x 2 x 2 Factorial Desig}l
would comply with the specifications. On further analysis, however,
several difficulties beceme apparent. The most manifest'ofﬂ ti’lese is
the Sequence or Positional Effect. Wherever one test preeedes
another  and is likely to carry with it some vpractice effect, the eequence
effect may be Saidv .to be operative. To circumvent this, the standard
pr;ocedure is to split the subject sample into two halves, such that sub-
‘slample A pefform,s the tests ih the reverse order from sub—sample B.
- A variety of more complex arrangements can similarly be employed'

- but all are based upon this logically simple premise. |

In the present study, use was in'fact made of the above :
.technique; - however, further difficulties were encountered with 'r'eg;ard
. to use of induced arousel. Since the essence of this research was an

assessment of performance under conditions of arousal this latter
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'The most manifest shertcoming; of this design is that one is unable
to trace fhe p.erformance of an individual squect acroes two l'eve.le
of task difficulty at one level of arousal. However, on the basis .
of the points already enumerated and earlier research. (Ellis-Smith
1971) conducted in whieh this procedure Was adbpted the bresenf
design was deemed adequate for the purposes of this study, allewing |
for comprehensive etatistical analysis on a 3-way Analysis of
Variance; data being broken into 12 cells. See Figure 1 . 2 -
also Appendix Table 5.

Figure 1 . 2

A three dimensional representation of the 3 x 2 x 2 Factorial

Design employed in the experiment.
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Furthermore, th_é design allows a comparative study of low arousal
per'formance on‘both a sjmple and complex task and similarly for
the same assessment under high arousal conditidns; A perfect
design, nevertheless', would obviously incorporate the three levels
of Manifest Anxiety, two levels of task difficulty, pe'rforméd at two
levelé of arousal, and would then require a further division to
allow for positional effects. With these requirements met thé s:ample
must be large enough to allow accﬁrate complex statistical anaiysis
in which the smallest sub-group is 'not less than five in number, this
being the lowest number at which significance can be reasonably
assessed. If these conditions are fulfilled a sample size ofinearly
150 subjects is arrived at. While this t_echnjque is obviclauslyv
preferable ffom a theoretical standpoint the. practical .a‘Lspe.c.ts are

nothing short of monumental. The present design was therefore

accepted as being the most expedient.

HYPOTHESIS

The elements of a sfudy based upon ap exf)erimental law
as compléx as the Yerkes-Dodson principle a.re best understood
following_a fair analysis of the implications.of such a law. This is
done in some detail in Chapter 1V. However, two basic hypétheses

adduced from this survey may broadly be expressed as follows:

(1) With increased arousal, performance will, v‘when
graphically described, foilow a curvilinear pattern;

(ii) The above premise assumed, increased lexj'fels'of
task difficulty will lead to a lowering in the optimﬁm level

f

of performance.



.CHAPTER II

Reaction time paradigms in historical
perspective and relevant ma‘jovr independent

variables in reaction time studies.

"The time elapsing bet;ween the onset of
the stimulus end‘ the elicitation of the
response, is consumed not by a single
unitary event but rather by the eperation
of distinct, non overlapping, cognitive sub-
processes; these are not inetantaneous

but temporal and measureable."

F.C. Donders 1868

 from Smith (1968)
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Reactiorj. Time paradigms consisted of two" stimuli, two responses,

and a 1 : 1 mapping between them; the "e! reaction involved

fit.WO stimuli. and‘ only a single response thaf was required for one

odthe stimuli but not for the other.

Donders!' assumpfions may be paraphrased as
, follows:}'
(i) - The time elapsing befween the stimulus and
" response in the b and c¢ reactions is consumed

not by. a sin'g‘;vlev unitary event but rather by the
operation of distinct, nonfqverlapping cognitive
s‘ub—processes.‘ In the b reaction these sub-
processes include discrimination of the stimulus
b(stimulus categorization) and a choice of reSpopée
(response selection); while in the ¢ reaction only
stimul:us categorization is involved.

(ii) The c¢ reaction differs from the b reaction 6nly
in that the ¢ reaction does not include respgnsé
selection. |

(i) The b reaction includes both stimulus ca‘teg.oriz-v
ation and response selection and furthermore, °
these stages are added ohto the a reaction to
vield the b reaction. .Arithmeticaliy the time
consumed by these ‘stages‘ can be determined by
subtraction : stimulus “cvategorization’ = c - aj.

and response selection time = b - c. (Woodworth 1938)
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It is these latter arithmetic pr‘écesses' which have hali—
marked Donders' work and consequently given rise to detailed
studies on the basis that these component latencies are additive
and arithmetically separable (Taylor 1966). |

After 1900 mental chronometry and the work of Donders
was discredited chiefly by Kulpe and his co-workers, who attacked
anders' approach from a strictly introspective standpoint. They
maintained that a subject was able to bring his motor readiness to
a higher pitch in the a réaction. than in the b reaction; hence the
a reaction was not a constant and so did not provide a reasonable
estimate of the base time involved in the b reaction. Kulpe further
maintained that, in general, a change of conditions indicated a ‘change
in processes; for example, stimulus categorization is not addea to
simple reaction time but is substituted for it. Thus Donders érgued
that the observed variations in Choice Reaction tasks are due to
differential combiﬁations of processes which have constant durations,
while Kulpe maintained that the observed variations fesult from the
operation of different processes} wif;h diﬁerent time par'arr}let;e_r's.é

With the advent of World War II and the rapid gro;./vth of
experimental psychology programmes, work on reaction timé studies
‘began afresh with Donders' work regaining some of its right‘fu{_l
status. It would ai:),pear from the extensive amount of work"
conductéd in the field that Donders' assumption which states that '
‘Choice reaction time. invol\}es a series of cognitive processejs has not

been discredited and is still a basic and useful premise for theory.'
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Welford (1960) for.example, haé postulated a system
of information processing in Choice réaction time which involves
three central mechanisms analogous to those of Donders : a
perceptual mechanism concerned with stimulus categorization, a
translation mechanism concerned with response selection and a
central effector mechanism that deals with the actual execution éf
the responses. Other workers have extrapolated Donders!' |
additive component logic {Christie and Luce, 1956) by conce"ptual-
izing the Stimulus categorization stage as one composed of a‘ number
of tests or comparisons executed in serial order. Information -
theory constructs have increased the use of the arithmetic theo'fy,
the key hypothesis to the theory being that at each inétant of:- t_irl;le
£he subject in a Choice reaction éxperiment makés optimal us.e‘ of
all the information that is available to him about the stimulus Jsignal

(Laming 1968). Arithmetically the work has frequently been

summarized by the equation

CRT = a + b Ht :
where : CRT b Choice Reaction Time,
H, = information transmitted-
(Smith 1968). The constants a and b apply to simple reaction time
- and pr-océssing‘ rate respectively. This premise is very comparable

to Donders' assumption that Choice reaction time is simple reaction
4

time with other stages merely inserted additively. Whether in fact

these stages occur consecutively, as Donders assumed, or whether

they do dverlap has remained a legacy of the Donders - Kulpe

dispute to this day. However, in terms of implicit value to experiment-

al psychology, Donders has emerged an invaluable contribu’ﬁor,, since
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y,
contrary to his contemporaries! existing beliefs he demonstrated
that mental events are not instantaneous, but temporal and measure-
able.

INDEPENDENT VARIABLES DIRECTLY AFFECTJ_N(“‘
THE PRESENT STUDY:

It is now exiomatic to assume that a reaction time task,
be it‘of a simple, Choice or disjunctive type, involves a more
involved and complex evaluation than a task composed mereiy of
manual dexterity or perceptual acuity. The extensive amount of

' : ¢
theoretical, mathematical and experimental literature in the field
supports this notion. Nonetheless, experimental evidence gaineci
using the standard repertoire of independent variables is supportive
of the premise that reaction time is, nevertheless, a psychomotor task
and is, as such, to a very large extent predictably affected by such
_variables; An extensi\‘re review of work would not be expediien't here,
thus only selected relevant studies will be included. |

P

Practice Effects : Woodworth (1938) states that disjiinctive
reaction time becomes quicker with practice; biit there is no evidence
indicating that it ever becomes as rapid as simple reaction tiine. More
"recently, short-term improvement of Choice reection times with
practice has been demonstrated by several reSearchers. Leon_ard
(1954) demonstreted how reaction time for three choices and for

Y
six choices decreased with practice, and more particularly how the
difference between the two conditions of choice decreased in an

almost linear fashion as practice increased. Bertelson, (19€3) in a

Choice reaction time experiment, demonstrated that pepeated 'stimuli
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from trial to trial gave risé to faster reaction times than did new
stimuli from trial to trial. Mowbray and Rhoades (I959) in a
study which gained lS,O»OO reaction times from a single subject,
demonstrated that practice reduces the times for two-Choice
reactions at a faster rate than it does for four Choice reactions.
Another result from this study. showed_ ‘that response latency and
standard deviation display the same tendency. The authors conclude
that Choice reaction times are significanfly affected by ‘prac’tice.

In the present study, supportive of Mowbray and .‘Rhéades’

(1959) finding, significant‘correlations were found to exist between

response latencies and standard deviations ( r = . 917,
p < 005 and r. . = .878, p <.005 for Task 1 before and after
the placebo.injection respectively; and r = .890, p < -005 and

r = 682, p} < -005 for Task R before and after the injection
respectively. See 'i‘able 1(a) in Appendix). Olmedo and Kirk
(1971) obtained similar results in which they established that all.
reaction time measures used exhibited a significant practice eﬁeét.
Conversely, however, Norrie (1967) found no suéh intra-
_individual variability for rea;:tion time; It should, howev:er, be
noted that Norrie Was investigating several complex, discrete" motor
tasks, so that a different set of operations would be required’ in
eaqh situation. The present study was designed to eliminate as far
as possible the contaminating effects of practice, or as it is |

experimentally termed; the Sequence Effect. To this extent the

subjects were randomly allocated to one of the two groups. Group 1 -
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performed the easier two-choice task, termed Task 1, first, while
group 2 performed the more completg four-choice test first, termed
Task 2. While results do show a significant correlation between
performance on Task | and Task 2 (see Table 3 in Appendix,

P = .591,. p £ .005), the contaminating effects of practice appear
to be minimal. Moreover, as is apparent from the Mowbray and
Rhoades' (1959) study the .ef'fects of practice become manifest‘only
after considerable exposure to the test to be performed.

Effects of Arousal: Being of prime importance to the -
present study a review of some depth will be given here, if only to
illustrate the confused aind divergent reéults prevalent in this field.
of 'reaction tifne studies. Meyer's (1953) work WOuld i}ndicate thgt
a moderate degree of excitation‘ is likely to lead to a superior.
performénce; the assumption being that small amounts of added
excitation are believed to recruit neurones which would contri‘r;ute to
the response. Fur'thermére, Duffy (1962) in a review of the
;effects of induced arousal, posits that any facf,or which increaées the
rate of energy output should result in an increase in ‘the rate of
- responding. In general, however, evidence seems to_ indicate that
induced arousal in almost any form has some effect upon reavct:io_n time
performance. Nash et al (1966) foul_'ld that simple reaction time is
élower under conditions of induced anxiety. This is a surprising
;:'esult, more especially since simple reaction time involves no 'de—
cision factor, and is, By its nature, a more reflex-type task than

any choice situation. Nishisato (1966) found arousal states to ‘be
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associated with longer reaction times. It should be noted, howevér,
that this study employéd only momentary changes in GSR to determine ~
an arousal state from‘a non-arousal state. Porges (1971) has
indicated that the stimulus signal itself has excitatory properties.

Hé found that pulse rate and respiratory rate increased at the

onset ofv the stimulus but dropped when ;51 "no-react! signal was
presented. Ellis-Smith (19'71‘) found induced arousal —.effect:ed as

in the present_stud;}, by the. administration of a placebo injecfion’. ~

to have a negative effect upon two-choice reaction time. . Daﬁev et

al (1971) in studying the relation between movement and reactior; tjme_
in a choice reaction time test, found that under conditions wi;t'ho'ut time
stress reaction'time and movement time were directly prop01"'tional.
Under conditions of time stress, however, the two componenté’were
inversely related,. As opposed to the aforementioned data, Allen
(1969) indicated thaf subjects per-forming under conditions in 'which

they were threatened by electric shock for slow response speed
reacted faster than non-threatened subjects. Interpreted in the light

of the Ygrkes—Dodsoh L.aw of a curvilinear function between; arousal

~ and performance, this set of.results seems to fit the picture admir-
ably: in that increased amounts of arousal facilitate a faster performance.
Against the earlier mentioned evidence, however, this picture is a
particularly confounding one. If one allows that fear of electric shock
is considerably more gyous’ing tha:} previously mentioned situations,

one would expect pefformance to be vastly infgrior under such éxtreme

conditions. Nonetheless, this apparent non-congruity may feasibly be
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ascribed to the situational variables and the experimenter effect,
factors upon which several authors have commented. A(Sarason,
196Q; Sarason and Palola,' 1960 ; Kintz, et al, 1965). Where
po‘ssible this latter veriable was controlled for rigorously iﬁ the
present study. Experimental instructions to e-ach subject‘ were given
‘by way of earphones from a prerecorded tape, elimi'nating thus,
interpersonal contact during a critical phase of the experiment. If
motivating instructions are considered to be arousal ind.ucing then a
similar interpretation to the above for the diversity of results ‘would
seem possible. Kushner (1963) found motivating instructions to have
no significant effect upon simple reaction time; however, in ; more |
complete reaction situation Worrell and Worrell (1963) found motivating
instructions to be .conlsistent with a drive interpretation. That rvnq’c.ivat-
ing instructions do affect performance is generally accepted; however,
since situational and experimental procedures differ markedl}f it seems
possible to submit that diversities ivn results obtained wlill occur,
Similarly, the effects of knowledge or results would conceivably have
arousing or .motivating properties. Coules and Avery (1966) found
that subjects informed of their results reacted significantly faster

than subjects who were left uninformed and further, that fast rﬁean
reaction times were associated with a high GSR index. Lecke,
(1968) studying the effects of knowledge .of results - feedback in '
relation to goals -~ on reaction time performance, found that it‘_was

the subjects' goal rather than the knowledge of their results which

appeared to govern task performance. Finally the effects of induced
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muscle tension may be viewed as being systemically analogous to an
arousal state. Murphy (1966) investigated the effects of dynamometer
induced muscle tension (DIMT) upon auditory reaction time. It was
found that in the initi:al stages reaction time was directly related to
DIMT,-_ but as subjects became habituated to the effects Aof muscular
tension, so its influénce diminished to a point of little, if any, éffect.
Yensen (1966) suggests that increases in muscular tension may occur

{

just prior to the initiation of the response under conditions of artificially
increased mass, contributing to the finding of significantly fas‘ter reaction
times under these conditions. It should, however, be noted that
generally, such conditions will follow a curvilinear pattern, such that
beyond an optimum level of tension, stress or arousal performance will
decline. (Shore, 1958; Wood and Hokanson, 1965).

Manifést Anxiety and reaction time:
Although the rationale and interpretation of the Taylor Manifé‘:st Anxiety
Scale will be dealt with in detail in Chapter 3, several point;s are
worth some scrutiny at this juncture. Results from studies in which
level of manifest anxiety has been the independent variable are diverse
and misleading, yet despite a marked incongruity in this arez’i, a
distinctive pattern can be seen. It would appear that in general, low
anxiety sﬁbjects perform faster in the initial staé;es of experimentation.
However, with diminishing task difficulty through practice effect, high
anxiety subjects show a far greater imiorovement in performance than
do the low anxious subjects. This relationship is corrobora’cedb in the

present study in the two-choice reaction Task 1.
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FIGURE 2 . 1

Graph showing mean performance on Task 1 before and after
the administration of the placebo injection. (Reaction times scores

are given in reciprocal values x 100).

285
Mean
Reaction
Qp'
Time in before injection
Reciprocal
22
value X 100
~_Group 2
-~ . )
- \fter injection
-~ '
./'/
. /"
-~
o
166 -
Low Medium High
Level of Manifest Anxiety
From Figure 2 . 1 it can be seen that following the administration of

the arousal-inducing placebo injection, performance of all anxiety groups
was impaired. However, consistent with expectations, the: high anxiety

group utilized more expeditiously the effects of the arousal situation.

Several points warrant mentioning here:

(i) Subjects performing taék 1 first and then fask 2 aftef.r
the placebo‘invjection are designated. Gfoup 1. Sul:jjects
performing task 2 first are designatea as Group R.

(ii) the level of tas‘k difficulty in Task 1 is relatively
simple. |

(iii) the patterns obtained in the two "before' - 3'after"



30

graphs c.onform in essence to the principle of the Yerkes-

Dodson T.aw in that with increasing arousal, performance

should deteriorate once béyond the optimum.

(iv) Task 1, when performed after the administration of

the iﬁjection WAS also therefore performedv after the completion

of Task 2.
Rather than having facilitatory practice effects, this produced a
negative effect upon reaction time. This was expected since subjects
were not informed as to the complexity of task they were to pérfprm
either before or after the arousal situation. In consequence Group 2
who performed Task 1 after Tasic 2 were probably in. a stéte of
expectation and uncertaihty, contributing thus to a greater state of
arousal already induced by the placebo injection.

In contrast to performance on Task 1 performance on

Task 2 reveals more complex results,.

/EIGURE 2 - 2
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FIGURE 2 . 2
Graph showing mean performance on Task 2 before and after
administration of the. plécebo injection. (Reaction time scores are

given in reciprocal value x 100)
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In Figure‘ 2 . 2 the effects of the test sitﬁation and the complexity

.of the Task ,2 are shown in cleér profile by the perfofmance of the

High Anxiety subjects in Group 2, where performance is af its

lowest. However, in the case of Group 1, the high anxiety subjects

show no such trend, the low-, medium- and high anxiety suﬁje;cts

performing very nearly identically. In summary then it is apparent _
I

.that performance on Task 1 was impaired by the arousal situation

and by the preceding Task 2. In contrast, performance on Task 2
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'was facilitated by earlier performance on the easier Task 1 and
by the arousal situation. Thése results are discussed in greater
detail and given deeper analysis in a later section of thié work under
"Results. For a combined illustration of‘both Task per'formances see
Apéendix Figure 1.

Similar results were obtaine_d by Stablen and‘DSral k1963)
who likewise found High anxiety- subjects to improve relatively more
rapidly‘ as the experiment progressed. Referring once again briefly to
Figures 2 . 1 and 2 . 2 it ‘will be noted that in both Task.l_ and
Tésk 2 the High anxiety subjects prior to the arousal situatioﬁ are
always the slowest performers, as tﬁe experiment advanceé %:o éhe post-
arousal stage they improve markedly. A similar trend was obtained
by Ellis-Smith (1971). Indirectly supportive of this finding are the,
results of a study by Kamin and Clark (1957) in which the sa'm‘e.' group
of subjeéts was used first in a simple reaction time test, and then in
an avoidance .reaction time test; where subjects were told. thalt they
would be shocked if they responded too slowly. Results shoWed that
the higher the anxiety level, the slower was both the simple and the
‘avoidance reaction speed. However, the greater the anxiety score the
greater was the increase in speed of reaction from simple - ;to the ‘
“avoidance time conditions. Costello (1368) atte_mpted. to manip‘_glate the
levrel of subjects! emotional excitement by .‘two means : by selectipg
high and low scoring subjects on the manifest anxiety scale and by

giving half the subjecté a threat of shock for poor performance. ~ The

results obtained indicated that the high anxious subjects had slower
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reaction times than did low anxiouvs subjects.- These results are
c.o.nsistent with the findings of Kamin and Clérk (1957); however,
- Costello failed to find any interaction between anxiety level and
threat of shock versus no threat of shock. Olmedo and Kirk (1971)
found similarly that low anxious subjects gave a superior.perfor\mance
in a motor reaction time task to that of high an#ious subjects.
Worrell and Worrell (1963) reported level of anxiety to be unrellated
to reaction time. Nash et al (1966) found éimilar results, but drew
attention to a factor already mentioned in this chapter : that éf the
experimenter himself. They found the presence or absence of the
experimenter to have a noticeable effect upon results. Desidéréto
(196L) in a simple reaction time experiment found high anxiet? subjects
to react significantly faster than low anxiety subjects when tlhe.sAtimulus
was presented in the form of an electric shock. This modev« of‘
stimulus is in itself'arousal-induc'ing, a factor which must sig"nificantly
affect results.

From this latter paragraph emerge several distinctive
patterns which warrant some attention. These are:

(i) The presence or absence of the experimenter

in the study, i.e. the experimenter effect.

(ii) the level of task difficulty |

(iii) the nature of the stimulus and

(iv) . the apparent tendency of high anxious subjects to

'utilize more'effecti.vely than low anxious subjects any

induced arousal in the test sitﬁation.
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This lastv mentioned point, if interpreted in terms of a curvilinear
relati_bnship betweén performance and arousal, is supportive of
Duﬁ&'s (1962) and Meyer's (1953) ‘work, that added éxcitatioﬁ
contributes to level o.f response, prov.ided that level of anxiety is
seen as an increasing value on the ascending or left han'd side of
the curvilinear graph, below the optimum. It should, however, be
noted that the relationship between individual differences in aﬁxiety
and response to stress is a complex one meriting intensive study.
Effects of extraneous stimulation and sense modality employed:
Excessive non - task - relevant stimulation results, as a rule, in
a lowering of performance. Paradoxically, at l‘ower levels ‘of ’
intensity irrelevant stimulation may serve as a facilitatory mechanism.
This 'may feasibly be explained in terms of Duffy's (1962) sgggestion
that.increased energy mobilization accompanies a g reater fofce of
response. = Illustrating this point is the study by Morgan (1916)  which
showed that distraction in the form of noise while the subject was
striking the keys of a tYpewr'iter', both increased the force x;vith which
vthe ‘keys were struck and improved the qu'ality of the perfo:i"mance.
An analogous situation appears prevalent in reaction time studies. |
‘Known as the intersensory effect, (Bernstein 1970) it has ﬁsually
been noted that visual reaction time is facilitated by a simult_éneous or
near simultaneous auditory event. (Hershenson, 1961; Morr'éll,' 1967
Bernstein, et al 1969; Madeiros, et al 1965). This corrobéra‘tes the
earlier vfinding.of Todd (1912) who showed that when mor'e'.than one

sense modality is empl'oyed to perceive the stimulus, reaction time is
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shortyened. In the pfesent study, to eiiminaté this highly signific»ant‘
variable, earphones were placed over the subject's ears. "Alt‘hough
the earphones serveq no purposev other than to deliver to the subject
the procedural instructio;'ls priof to the commencement of the
experiment, they did nonetheless, act as a highly efficient nois.e -
screening device. Rutschmann and Link (1964) and Horinchi (1966)
found auditory reaction time to be significahtly shorter than {rvisuél
reaction time. ’
Stimulus intensity: There appéars to be a linear ;nve_rse
relationship bet.ween the inténsity' of the stimulus and latency ;:sf
response. This finding is corroborated by a large bulk of liter;ature
(Madeiros, et al, 1965; Thomas, 1967; Pollack, 1963; Puro:nit, 1966 ;
Bixler, et al, 1967) . Mor‘e0ver, this relationship appears tQ hold
true regardless of whether the stimulus is presented visually or
aurally. In a long;-term study on a single subject, Borghi (“196;5)
obtained L;,QOO visual reaction times using two intensities of stimulus
luminance. For each luminance level a normal distribution of
response latencievaas obtained. In the first case (low luminance)
~ the mean response latency was 221.3 m.secs. In the seco»nd‘case
of high luminance the mean response latency was 209.3 ,m.sec;s.
In the present study the stimulus lights used in Task 1 were at the
intensity of .25 lumens/sqﬁare foot; while the peripheral stirﬁulus
lights associated with Task 2 Wére at the intensity of .30 lumens/square
foot. The red centr.al stimulus lights were of a lower intensit’y~ as they

were more easily perceived than the peripheral lights, which, in order
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that they shéuld not be overlqoked were white and of correspondingly
gredter intensity. |

Sex differences: Coules and Avery (1966) found males to
react significantly fas.ter in all experimental conditions than females.
Corroborative of this evidence is the finding by Tandon '(196"7) ,‘ who
used five d-ifferent types of reaction time K natural, sensory,
discriminative‘ and choice. He found signific_ant sex differences to
exist, in that for every type of reaction test females were sllowver to
react than males. For this reason sex was held constant in the
present study and only male subjects were used, since any variability
in performance in a both - sex study could well have been gscribéd
to an incorrect faétor. ‘

Finally a relevant factor worth noting in reaction ti'mé studies
is the effect of the stimulus duration. The bulk of evidence incli.icates
that slower reaction time .performance is associated with lon’ger-
stimulus presentations - i.e. a direct re‘lationship exists between the
-t.wo. variables. (Pollack, 1963; Thomas, 1967; Bernstein 1970).

In the present study two stimulus durations were used. For the
central stimﬁli a duration of 750 milliseconds was employed,vw'hile the
peripheral stimuli were presented for two full seconds., .The reasons
for the latter innovation were twofold, due to (i) the fact -thati

the peripherél stimuli were more difficult to perceive, neceséitating a
scaﬁning action on the part of the subject and (ii) the ‘responsel .
required was of a g rosser nature, 'being the' shar p depressior; éf a

foot pedal beneath the subject's foot.
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Brain Rhythnﬁ and Reaction Tim.e:

Evidence from heurophysiological and psychological
“sources suggests that the role of the Alpha rhythm, as the principle -
component of ihe autonomous electricall acfivity of_ the brain, might
be as an excitability function. (Lindsley, .1952) . Further evidence
from studies by Bates (1951) ‘and Kibbler and Richter (1950) :showed
fhat motor responses occurred predominantly in a particular phaé_e
éf the alphé cycle. On the basis of the excitability hypothesis,
Larising (1957) experimented with the aspects of %tn excitability:‘ ph’ase
of brain rhythm with reference to visual reaction time. Allow'_ing:for a
50 m.sec. time lapse; ffom the onset of a visual stimulus to its
;‘,ransmission to the visual cortex, Lansing suggested that the \;arying
speeds of reaction time may be ascribed to an excitability fu.ncfic;n‘.

Using subjects selected for their dominant alpha rhythms, Lansing

t ¥

was able to demonstfate that when the stimulus was presented at
the phase of a}pha rhythm corresponding to the excitability phaSe, a
‘meari rééction time decrease of 50 msecs was obtained. -

In the present study, this aspect of reaction time was not
the basis of the experiﬁlent and no attempt was made to select"‘ subjects
according to their brain rhythms. However, EEG recordings: were
employed as a means of controlling thé onset of visual stimulu§.

A trigger mevchanism was used to detect and transmit any elet;tri;:al
‘stimulus beyond & value of .1 to .2 microvolts.v Since the amplitude

and voltage of EEG rhythms are proportional, the height of th:e wave

recorded determined whether the trigger mechanism would firé. A
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Beckman Dynograph was uSed to record the EEG data, and a
Schmitt - trigger with an Active Filter incorporated, passed the
signal to a Hewlett—Eackard Computer, programmed to present
‘visual stimuli at r'andem intervals, but only on reception ef the
electrical impulse from the Schmitt-trigger. |

This procedure allowed fon a certain amount of contro‘l
for the excitability phase of the brain, since for each subject the
visual stimuli were presented only on an ascending wave of,suffieient
vamplitude to trigger the signal mechanism to the computer. CoérSe
muscular movements do have ‘the effect of creating vigorous hign
amplitude stylus movements, which would trigger the mechanism-.
However, subjects were requested to avoid sharp bodily movements,
so that this occurrence was almost entirely eliminated. In c'onelusion

then, the EEG data employed in this study served as an effective and

systematic control.
CHAPTER SUMMARY,

With the exception of a few interactive relationships,
experimental evidence on the major independent variables upen reaction
i time appears to ‘be notably divergent. This does not necesserity
indicate that no fixed relationships can be adduced from such etridence.
'Whatl is;- however, indicated is the importance to control for |

deceptively apparent minor experimental details. As mention:;ed'

1
i

earlier, several. authors have already drawn attention to the effects

the experimenter himself may have upon experimental studies.
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(Kintz et al, 1965; Wintel and Sarason, 1964). Further, Duffy
(1962) has stressed the overridirig i-mporta-nce of allowing for
individual differences in habitual individual activation level. Where
possible, in the preeent study, these two contingencies have been
circumvented : | (i) by the use of earphones in conveying instfuctions
as described earlief,- and (i) Dby assesement of individual levels

of manifest anxiety by means of the Taylor Scale; this will ‘de
discussed in greater detail in the next chapter.

Reaction time studies are, by their nature, essentiall-y
quantitative and eonsequently therefore comparative, since a reaction
time score in milliseconds has very little interpretative value unless
'corripared to anether, Thus data obtained are largely normative. As
a direct consequence of this contingent, the microstructure of
individual performances maiy suffer gross misrepresentation in the
course of statistical e.naiysis. Nevertheless, ‘as Duffy (1962) thas
concluded, the bulk of experimental evidence cited in this respect
indicates that differences between individuals in activation are ‘
basically differences in responsiveness or excitability; and despite
the apparent inconsistencies, the studies have ‘produced and will -

continue to produce some positive and valuable results.



CHAPTER III

THE TAYLOR MANIFEST ANXIETY SCALE

Its rationale and uses in

experimental procedure.

"Despite its usefulness it has not turned
out to be the ultimate definition that science
requires for the accumulation of knowledge
and the development of sound theory."

Criticism of the Taylor Scale.
in E.E. Levitt (1968) |
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DEVELOPMENT OF THE TAYLOR ANXIETY SCALE.

In 1951 Taylor constructed a manifest anxiety scale for
use in a study of eyelid conditioning.. Following Cameron's (1947)
definition of chronic anxiety conditions, approximately 200 items from
the MMPI were submitted to five clinicians. The judges were
asked to list those items most indicative of residual manifest: anxiety
according to the given definition. Sixty-five items were ultimately
selected. These items, supplemented by a hundred and thi.fty-—five
additional non-indicative "buffer” items were administered in-: group
form to over three hundred undergraduate students. The measures
obtained in this first administration of the initial test r'anéed from a
low anxiety score of 1 to a high score of 36 with the median at 4.

Following several modifications, fifteen of the original

items were rejected as being non-functional.  Thus, at present,

§

in its standard form the scale consists of fifty functional items
supplemeﬁted by two hundred and fifty buffer items. Under tﬁe
innocuous title of the "Biographical Inventory" the test in ité present
form has been delivered many thousands of times since its ffull
publication in 1953. Normative data obtained from some of_thgse
studies show a slight positive skew with the fiftieth percentile

falling at about 13 and the mean of the distribution at l4-56
THE DRIVE THEORY RATIONALE.

On the basis of Hull's Drive Reduction theory, anxiety
or manifest anxiety, as measured by the Taylor Scale, has

fr-equently'been conceived of as being an habitual source of Drive.
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Matafazz.o et al, 1955; . Farber, léSL;; Téylor and Spencé, 1952).
‘Employed in studies on normal subjects, the scale gives an in.dicatioln
of the subjects' habitual level of general or residua} anxiety. When
used on neurotic patients, the mean scores obtained as feasibly
predicted have been considerably higher. Although the scale was
not designed essentiaily for clinical us%age, such data do indicate
a high degrée of validity in predicting anxiety levels. Expérimentally,
however, the basis of the scale is the Hullian concept of Drive.
Ih order that the use of the Manifest Anxiety Scale in the present
study rhay be understood in its connection with the Yerkeé:Dodson
principle describe‘d in the next chapter, Hull's drive theory wa'r'r';';tnts
brief elucidation here. |
According to Hull (1943) all Habits (H) activated: in"a
given situation combine multiplicatively with the total effective drive
state (D) operating at that moment to form excitatory potential (E);
| where £ = f (H x D). Total effective drive in the Hullian systém
is determined by the summation of all extant need states, primafy
and secondary, irrespective .of their source and their relevancy to
the typé of reinforcement employed. Since response _strength isv
detefmined in part by E, the implication of varying drive lével in any
situation in which a single habit is evoked is clear : i.e. the higher
the dr ive, the greater the value of EE and hence of responée |
strength. Thﬁs in simple expernimental situationé involving 6nly a
single -habit tendencéy (or elicited response) the performancg—z level

of high-drive subjects should be greater than that for low-drive

groups. However, higher drive levels do not lead infallibly .
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to superior berformancé (i.e. probability of co.rreét response)'.

On the basis of interpr-etatioz“ls-'on the 'Yerkeé—Dodson principle of
per'fo_rmanc'e, task complexity and optimum motivation (Drive) ,.the-
relative performancé of high- and low~- drive groups will depehd
upon the number and comparative strengths of the vario-us‘ response
tendencies. (Broadhurst, 1959). Predictions éoncerning tile
performance of the groups in such complex tasks involve the intro-
duction of additional Hullian concepts : oscillatory inhibition (O) and
threshold (L). The concept of O'w.as. int.rod.uced by Hull'jin :anA
’attempt to allow ’for intraindividual variability in behaviour' that occurs
presumably Because of uncontrolled variations from instant to i%lstant
within the organism and his environment. O is further assv"um'e.d to
play an inhibitory role, ité value being subtracted from excitatory

——

potential E, thus yielding momentary excitatory potential E. For E

——

to activate a response, it must attain a maximum or threshold value,
: S

a value that is presumably the same for all similar habit tendencies.
evokéd in a given situation. . Thus R = f (E) = f (E-'O.—'L);.-
Consequently, any task in which a stimulus tends to evoke ‘a number
of competing responses; the response that will appear on a given
occasion will be the one with thé highest supra-threshold momentary
excitatory strength (E) at that moment. Thus the response with the
highest H and hence E wvalue, will have a greater pfobability of
occurring than any other response regardless of correctness or
quality. |

On the basis of inter-individual differences in drive levels
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it is appsrent that the probability of appearance of the correct

response involves an interaction befween drive level and the number j
of comparative strengths of the correct and incorrect tendencies.
Thus, when the correct response is weaker (has less H) than

one or more of the competing ‘response tendencies, high dri\/;e

groups should be inferior in performance to low drive groups. It
follows that because of the multiplicative relationship between habit
strength and drive, the stronger, vincorrect tendencies gain relatively
more E than the correct tendency leading thus to a greater iarobab-
ivlity of occurrence of one of‘ the stronger incorrect responses in the
high drive group.

In the light of the Hulliaﬁ interpretation of .Drive“,,it is now
possible to examine Taylor's (1956) explanation of the relationship
between Drive apd Anxiety, which concebtually forms the unaerlying
rationale of the Marﬁfest Anxiety Scale. The scale, when used as

. T
an indicant to select groups of subjects that differ in drive leyel in an
experimental situation, relies on the assumption that scores on the
scale are in some manner related to emotjonal responsiveness, v;rhich
correspondingly contributes to drive level. Taylor possits two |
alternative hypotheses to fit this assumption, the first being tﬁat
test scores reflect differences in a chronic erhotional state, s‘ov that
individuals scoring high on the scale tend to bring a higher level of
emotionability  or anxiety to everyday matters than do subjects scoring .
at lower levels. ;I‘he second' possible explanation is that ‘maé‘lifest

anxiety scores reflect some potentialities for anxiety arousal;- high

i
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scoring subjects being those who 'tehd to react more emotionally and
adapt less readily to novel or threatening situations than do ldw
scorers. The former interpretatioﬁ forms the basis in most
experimental studies in which subjects are grouped to allow fqr
individual differences in arousal!. (Nance, 1_965; ‘Nishiséto, ‘lé66;
Olmedo and Kirk, 1971; Ellis-Smith, 1971.) However, on the basis
‘of obtained experimental results in which anxiety has been controlled
for or eliminatea, it would seem that it is in fact that seconci of the
two hypotheses posited théﬁ is the operative one. (Sérason, et{al
1960)-. |

| | Sarason (1960) has made the point that most experiménts
which employ anxiety scales usually also injiolve some degree of;
induced arousal. Typically such arousal or stress has been éreated
by means of verbal in.structions, for example, informing the subject
that the test he:is pér-forming is indicative of intelligence. Most ‘
investigators' have assumed that high anxious subjects would be more
sensitive to implied personal threat than would low. anxious subjects.
Indeed, the bulk of the findings (Mandler and Sarason, 1952;
Sarason and Palola, 1960;) suggest that high anxious subjecté are
affected more detrimentally by motivating conditions or failure rebor'ts
~than are subjects lower in the anxiety score distribution. I_.llustrativve
of this type of study is that of Davidson, Andrews and Ross (1@56) in
which the three variables of MAS; reports oﬁ levels of failure; apd

speed of stimulus presentation' were studied. Significant interactions

were obtained among all of the variables, the authors concluding that
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high anxious subjects are more sensitive to experimental stress than
vlow anxious éubjects. 'As a corollory to this find_ing Sarason's (195-8)
stud‘yvin-di.c.ated that subjecfs écoring- high in test anxiety r‘eSponded‘ more
positively té reassuran‘ce in an experimental situation than do low
anxious subjects. Consistent with this theme is the indication that

there are no differences among groups differing in scores on anxiety
scales when tested under neutral or non-threatening éonditions‘..
(Axelrod et al, 1956.) In a series of experiments involving the
effects of anxiety and experimental stress in verbal learning,

éarason (1956) failed to find, under pre-experimental neutral copditions,
significant differences in performance between groups which differed

in anxiety, although varying performanée was obtained under l‘ate:r
qbnditions of personal threat. This suggests a sensitivity inter pretatioh
bf manifest anxiety as sﬁggested by Wassenaar (196L4) and Davidson

;t al (1956). _

In the present study the personal threat implications were
fairly extensive, fhe test beihg conducted under the g uise of a pilot-
selection programme. FEach subject consequently felt his perféormance
to be very much '"on show'". That the présent study'bs findings
corroborate the aforementioned evidence is illustrated by the pfeJ

arousal performance on both Task | and Task 2 of the High anxiety

group of subjects. In both levels of task complexity the high anxiety

Subjects performance was inferior to that of the medium anxiety group
which in turn was inferior to that of the low anxiety group. Following

arousal, change of task c‘omplexity and habituation to the experimental
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situation, h_oweirer, this picture altered markedly. For Task 1
the performance of the .three anxiety groups as plotted graphically
describe an inverted-- U function, while on Task 2 the function is
nearly linear, there being very little difference in performance level
between the three anxiety grou‘ps. These functions are best seen in
Ziv;he Appendix Figure 1.

FoAr the High Anxiety subjects in the present study fi‘lén, |
it would seem that once they had overcome the initial overall in;'libito'ry
effects of adaptation to the experimental situation and task to vbe'
performed, performance equalled, if notv surpassed, thaf of the ‘lower
'anxi.ety subjects. This interpretation would be in line with the i'es;ultS'
of a study by Liebert and Morris (1967) in which it is suggest;ed that
task anxiety is composed of two major aspects. The authqrs table
these two components as worry and emotionality. The worry (W)
component is described as cognitive concern over performance ," and
emotionality (E) as thé autonomic arousal aspect of anxiety. The-
auth::;rs devised a brief situational measure of Worry and Erﬁoti'onality
based on TAQ items. This ‘scale was administered to subjects se\;eral
- days before an examination, immediately before and immediatély' after.
Scores on the W component tended to be fairly constant wlhil;e ¥ scores
reached a peak immediately before the examination, falling ofA ra;pidly
Aimmeiadiately after. Anaiysis of the results indicated that emotiox':ial
arousal appeared to bear no consiétent relationship to per‘forrhance on
intellectual or cognitive tasks, while worry was consistently and negat-

i

ively related to performance.

3

-



L7

A point 'wo.rthy of notice here is l.that of level of ‘task
complexity., 'This appears to be an ind.ependent‘ variable equally
important as that of thfa MA score itself. There tends to be an
interaction between the two variables, siich that where task complexity
is low a high anxious subject may show better performance than a
low anicious subject; but whére task complexity is high a high MA
score would serve as an inhibitory factor.. Although the forr'n‘er
point is not corroborated in the present study the latter point is
clearly indicated, at least in the pre-arousal group 2. This'is most
clearly illustrated in Figure 2 . 2 in the I:irevious chapter. in this
connection Saréson and Palola (1960) manipulated simultaneougly;the
variables of anxiety, differential motivating instructions and tasl_«»:A
.complexity. Significant triple interactions involving the three v'ariables
were ‘obtained in a pattern conforming to the YerkeS—Dodson ibrinc'iple
relating motivation, pérformance and task complexity.

At this junciure it is expedient to r’eview.the findings 1n the
present study. Thirty subjects were used ailowing thus for the
uniform- allocation of ten subjects to each of the three anxiety groups,
corresponding to high, medium and low scores on the Taylor Scale.
In the distribution of the scores obtained the mean fell at 15-3 ani_‘l the
median at 10.5 giving the distribution a positive skew, This tendency
is well illustrated in the histogram representation of the distribiltic;ﬁ.

See Figure 3 . 1
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FIGURE 3 . 1

Histogram representation of the thirty MA scores obtained

Frequency

—
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Score
Allocation to the different anxiety groups was effected by labelling all
scores below, but‘not including 10, to the low anxiety group; all
scores between 10 an.d 1} inclusive to the medium anxiety group; land
all scores of 15 and above to the high anxiety group. In this
distribution the lowest score was an improbable zero, and thé hjighes;t
score was 26. The means of the three groupsvwere' 6 - 3, 1i O
and 19 . 4 for the low,v medium and high anxiety groups respec;;ively.

See Appendix Table 2. While the distribution shows an aver‘-agé 1‘,‘&
‘s.pr-ead of scores, the technique used for allocation has obvious ;’

shortcomings. Ideally a far greater numbez;- of scores .should have
been obtained and é more selective appraisal of allocation givilen,v‘ such
that say only scores of less than five be designated Low anxiety, and

only scores greater than twenty be designated high anxiety. A 5‘

clearer delineation of anxiety groups would consequently be allowed.
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The degree of correlation between inventory scores and

physiologically obtained scores of anxiety and arousal appears to
be'tenuqus. However, Heilizer and Cutter (1971) using risk taking
performance as arousal inducement and manifest anxiety score as
level of chronic anxiety found : a high level of anxiety to be ass'ociatec_l
with a large degree of arousal; and the overlap between an;ciet.y and
arousal to be greater in a situation of high arousal. This study, at
least, indicatéé that Malmo's (1957) theory of congruence bet‘ween
anxiety and arousal can be extended to include the range of no:f'mal,
non—pathologiéal anxiety. Results- from the present study, ho'w.ever,
sho w no such tendency, there being no significant cor‘relatior'; between
MA scores and any of the physiolégical indices, although there 1s
some correlation between the physiological indices th.emselvesf._ (;.See
Tables 4(a) and 4(b) in the Appendix). These resultsvare"
discussed in greater detail in a later chapter. |

' Similar correlational studies in which anxiety and
physio'logic‘al correlates are studied show inconsistent results. As it
is defined clinically, it is. assuméd that anxiety has important
physiological correlates. Calvin et al (1956). In support of this
" assumption positive results were obﬁained experimentally by Kiséel
. and Littig (1962) in a study involving GSR and Test Anxiety_' Quotient:
TAQ. GSR scores were obtained while subjects worked at four
unsolvable and hence failure inducing tasks. A high correlaiion
between GSR reading and TAQ was obtained. Wing (1954) fo;und

sig;nificant' positive correlations between GSR, EMG and vpul'se rate

in patients with anxiety states. It should be noted, ho_wever’:, that.
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most experimental studies do not aim to include extreme or
pathological cases. Non-confirmatory evidence was obtained by
Winter et al (1963) in which the two measures of anxiety used
score from the Affect Adjictive Check List (AACL) and PSI
showed no significaht correlation. |

From the éxperimental evidence 6f the latter two
paragraphs several factqré became apparent:

(i) Where there is a continuoué stress situation ofA

sufficient intensity., physiological indices and inventory-

assessed anxiety do show a positive correlation. ' This

point throws some doubt on the lasting effects of placebov

induced arousal employed in the present study;

(ii) Not all physiological indices correlate positively with
each other as they are expected to do in a particular
arousal situation. To this extent some studies may show

positive results while others are inconclusive.

(iii) The various anxiety questionnaires may quite
conceivably be assessing aspects of anxiety which in
themselves are different, such that a positive result using the

AACL might not be replicated using the MAS._ -

(iv) The essence of anxiety questionnaires is the
measurement of predisposition to anxiety and not an

immed.iate state.

(v) Inventories are subject to certain response biases,
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primarily those which result from the tendency of
" most people to present themselves in a desirable
light; as such the reliability of such inventories is,

to some extent at least, questionable.

Finally,‘ of particular reference to the presént study,
which incorporated the use of.peripheral stimuli to effect an-
increase in level of task difficulty, the interactibn between m.a'mif’est
ahxiety and cue 1;1tilization warrantsv some scrutiny. The impvlications
of studies by Wine (lé'?l)' and Doctor and Altman (1969) are fhat
the high anxious subject attends to fewer task cue'sv th‘an does the low
~anxiety subjects. Swuch an interpretation is consistent with Easter-
brook's (1950) finding concerning the relationship between arogsal
levei and task variables. His research indicated that emotional
arousal consistently narrowed the range of cue utilization in task
performance. Supﬁortive evidence to thié interpretation using anxiety
levels is given by: Agnew and Agnew (1963); ‘
West et al (1968); and Wachtel (1968). Wachtel's study shqwed more
especially that anxiety did not generally impair all performancé -
_different anxiety level groups did not differ significantly bn the:: céntr-al
task - but only _perfor-mahce_ on peripheral aspects vof the task. | These
results would tend to indicate that there is a ﬁarrowing of attention
to task cues as a result of test anxiety. In general, strong'ariousal '
states or high anxiety scores are usually associated with a certain
amount of disruption of organization; this disruption being r-e_flec;fed in

a -reduction in the range of cues used by a subject. In the present

4
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study it was expected, though not established, that following an
arousal situation high anxious subjects performing a coﬁ1plex task
involving peripheral cues would show a marked deterioration iﬁ
performance. Th.at this effect was not obtained is most feasibly
ascribable to the earlie'r mentioned factor that placebo indl;lced‘_

arouéal is probably short lived, and would consequently have no
lasting deleterious effect upon complex performance. Nonetheless a
similar set of results was obtained by Cornsweet (1969). In. a study
on visually presented task-relevant, peripheral cues in a choice -
reaction time situation, the results showed that the use of peripheral
cues w.as actually enhanced under conditions of arousal. Despité the
confirmation that these resuits might lend to the present si;udy,
Cornsweet'!s results are nonetheless particularly confounding, since
~the arousal inducement technique used (electric shock) was sufficiently
intensé as to elicit iﬁdications of acute discomfort. from the su’;)jec;ts.
While the left hand slope of the curvilinear function could explain the
data in terms of arousal and optimum performance, fh‘e level of ’

induced arousal as assessed by the sﬁbj-ects themselves, should have

produced results well beyond the optimum.

CHAPTER CONCLUSION,

As Sarason (1960) and Levitt (1968) have indicated,
the construct validation of anxiety itself is at a radimentary stage.

Moreover, it may be asked, are '"true'" and 'false'!' pencil-and-

paper tests the most appropriate measure of anxiety? TFrobably the
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most parsimonious' statement that can bbe made concerning what is
measured by existing scales of anxiety is that they measure the

extent to which an individual is .willing to admit to experiencing

anxiety in certain situations. Nonetheless, until a more comprehensive
and accurate measure is devised, the Anxiety Scale is both é

g_seful t.ool and indicant in studies which allow for individualv d‘ifferences

in level of habitual emotional arou sal or general anxiety.



CHAPTER 1V

THE YERKS-DODSON LAW .
and

- THE CURVILINEAR RELATIONSHIP

ee... "As difficulthess of discrimination
increases, that strength of stimulus which
is most favourable to habit formation

approaches the threshold."

Yerkes and Dodson (1908)
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In this chapter the ir‘nplicé_tions of the Yerkes-Dodson
L.aw in any study involving performance énd motivation - or arousal -
will be discussed. Further, the effects of .increased task complexity
with‘ respect to the present study will be asséssed in the light of
this principle. The use of the Manifest Anxiety Scale, 'discﬁsséd
in the last Chapter, will be explained in terms of expected diffe;re‘ntial
task -performance on the basis of the inverted‘~ U curve, énd the
interpretative value of this function in accounting for differen{; levels
of performance will be assessed. A Erief historical sur\fey' of the
field should, however, be given since this will explain the development

{

.and complexity of the prinéiple for its use in tth present study.
v

In 1908 Yerkes and Dodson jointly published a 'w01:"k which
dealt with discrimination iearning of the rat; where discrimina:tion
invblved the distinguishing between different brightnesses of grey paper.
in a Yerkes box. | The animals were rewarded for correct responses
and punished with an electric shock for a wrong response. T‘he.
authors found that in simple discrimination i.e. a large diffe;"ence -

: : -

between the brightness of grey;cbloured paper, increasing éhock
facilitafed faster learning in the animals. However, an opti'rnul‘:;n or
peak shoc1_<_ intensity Was reached beyond which furthér increases
led to slower rather than to faster learning. This was to i)e the
. first recorded illustration of the curvilinear relationship betm;ee‘n
motivation and performance. Notwithstanding, Yerkes and Poason

went on to investigaﬂe, concurrently with shock intensity, the effect

of a second variable - task difficulty. By increasing the difficulty
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of the task, they demonstrated that the curvilinear relationship,

just obtained, wals altered. The optimum or peak learning point now
oc curred at a lower'shock intensity than béfore. As they expressed
the finding they stated ...... "An easily acquired habit may be ‘readily
formed under strong stimulation, whereas a difficult habit may b¢
acquired readily only uﬁder relatively weak stimulation." |
_(Broadhurst, 1959) It is this decrease in the optimum motivation .
with increasing task difficulty which constitutes the principle of fhe
Yerkes-Dodson L.aw. More succinctly stated, the principle may read
as stating : the optimum motivation for learningldecreases -With
increasing task difficulty. (Broadhurst, 1957).

I—Iaving posited experimental princip.lle so profound; in' its
implications, it is strange to reﬂect that for the nexi; fifty years hothing
was to be heard of the work. However, on closer inspectic;n f;he
reasons for this car; readily be found. Firstly, and most appérently,
it is suggested that the original workers failed themselves to .recog;nise
the potential importance Qf the principle which they had formulated.
Secondly, the spirit of the times in the first few decades of ti'lis
bentury was, in America, strongly behaviouristic. f The emphasis,
consequently, lay on the condifioning process in learning, With lass
stress on the motivating conditions. It was only with the greater
acceptance of Hull's revisions of the learning: theory of Pavlov, and
I—Iull'é emphasis on»drive reduction as a central concept, thaf rﬁotivation
once aéain became a .subject of study. '

i

The third and final reason for the long neglect in the_'
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fie]d is the complexity of the phenomenon it specifies. Until the
“introduction. of Fisherian statistical methods, (after Sir Ronald Fisher);
especially the complex ana}ysis of variance, experimenters were
un'qualified to attembt ény experimentation involving the effegts of more
than one independent variable upon a.dependent variable. | For the next
fifty years then, this field of research remained dc;rmant; the subject
-was, by all ihtents, closed.

5 -

In 1955 Hebb published a paper in which he summarised
|

motivation theories from early studies on nervous conduction through to
the time of writing. Paraphrasing and unifying the works of I-I_uil
(1943), Harlow (1950), Duffy (194l), .Schlosberg (195)) and Lindsley
(1951), Hebb reawakened interest in the curvilinear graph'at ‘a time
when science was receptive to its implications. Hebb drew atfention
to the existence of"a physiologicai mechbanism probably underlying the
notion of arousal : the arousal system in the brain stem. Lind%ley |
(1951_). Hebb equated arousal with drive .... "arousal in this sense is
synonymous with a general drive state, and the conception of‘drive
therefore assures anatbmical and physiological identity.”. This srousal
function, he argued, forms the basis of the curvilineaf relétién between
it and cortical efficiency wifh an optimum level of response or learning.
The field of int_erest thus awakenéd, studies based on the inv‘er'ted - U‘
curve began to proliferate. The reasons for this are neceséar'ily the

}
reverse of those which held for the dormancy period. .More"over, as

‘composite relationships could now be quantified with the advanced

statistical procedures available, and hypotheses pertaining to an’
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unlimited range of behaviour could be formulated, the phenomenon
rapidly deveioped as a fertile field for experimental psychology.
Although curvilinearity and ‘the Yerkes-Dodson princirple are not the
same thing, the latter necéssarily includes the former. At this
juncture a more thorough examination of the implications of any
curvilinear graph is expedieﬁt.

An inverted - U relation such as that between pe1~f01~mahce
and arousal, implies that for any given value of performance except the
optimal, there will be two possible values of arousal; so that although
level of performance is predictable, given level of arousal, level of
arousal cannot be aécertained mepely from knowledge of performance.
Duffy (191;1)and,Téylor (1953) have indicated the necessity of allowing
for individual diffefences in drive level and general arousal: a
curvilinear interpretation gccounts neatly‘ and quantifiably for %uch
differences (Corcqfan, 1965). ’

Figure L4 - 1

Performance

h |-

™ e e e W wm ~ e w W w

‘Arousal
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The inverted U curve may be used to ascertain which members
of a group of subjects are operating at high levels of arousal and
which at low leveis. A group of subjects who are high in arousal
may be considered to cccupy a position along the abcissa .of the above
graph, (Figure L . 1) somewhere to the right of the low arousal
group. For convenience the high arousal group is located at H and
the low arousal group at L., such that the level of performance of
both groups is h, 1. It is. possible then to ascertain which group has
the high level of arousal either by decreasing the level of arousa':l of
ell subjects or by increasing it, since if level of arousal is decreased
then H's performance will improve by ascending the cufve, Whilie Lits
vperformance will decline. Similarly, H's performancev will deeli;rle, and.
Li's performance improve if the level of arousal of both is increased.
The .two groups may be differentiated by these methods no matter what
positions they occupy along the arousal dimension, provided that H is
to the right of L. | |

While all the above information is axiomatic it doee hﬁlée on
two basic premises : (i) that there is a suitable method forj changing
arousal, and (ii) there is some technique for assessing the level of
arousal at which subjects habitually operate. The first requirement
can be met in a number of ways. Examples of arousal indueement
procedures include : threat of shock, threat of failure, urgirilg
instructions, DIMT, induced frustration and hostility, a variety Qf
noxious stimuli, and of pertinence to the present study, the placebo

phenomenon. (Shore, 1958; Patton, 1968; Martens and Landers,
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1970 ; Broadhufst, 1957; Meyer, 1953; Stennett, 1957; | Freelnaﬁ;
1938; Ellis~-Smith, 1971.) Arousal reduction is usually facilitated
b?f the Experimenter h‘}mself who usually indicates fhat the‘experiment
itself is uni'mpof*tant, that theA subject's performance is well above»
average. The second requirement, that there be some indication. of
the subject's residual arousal, is most frequently met by obtaining scores
frdm inve.ntories such as the Taylor Séale, the AACL, or the TAQ
discussed in the last c‘hapter; or by delivering some form of self-rate
inventory requiring the subject to indicate his subjective degree of
bodily excitafion at a given time.

In the present study, from the preliminary results shown
in Appendix Figure 1 several points warrant expla nation. ‘-‘While a more
comprehensive analysis of the results is given in chépter 6, tl';e
perforrhances shown in Appendix Figur;e 1 are nonetheless illustrative
of predicted trends. .It should be noted that in Appendix Figure 1 as
in the case of Figures 2 . 1_and 2 . 2 in Chapter 2, the reciprocal
values of the mean reaction time scores are given. .This enables the
graph to bé conveniently inverted such that an upward trend irl.dicates
gn' improvement in performance and a downward trend a deter}ioration.
This allows performance to be discussed in terms of the inver;ted - U
graph. The actual reaction time scores are given in Appendix Table 5.
In the light of the discussion in chapter 3, with respect to high anxiety
subjects! tendency to perform poorly in- novel situation, Group’'1l on
Task 1 and Group 2 on Task 2 highlight this tendency quirk éleairly.

Seen in larger profile on an inverted - U curve, these performance

[
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pattei'ns would both fall on thé right hand or descendiné side of the

curve. This would appear to' indicate, as assessed in a nron-

afoused condition, that high anxiety subjects are initially, general_ly

beyond the optimum level of performance; ti’lis would account for the

comparéble results cited in chapter 3. That this relationship is

fairly standar:i, is given further credence by the fact that an aln}ost

identical pattern of result was gained in an earlier study. (E)lli$;Smith,

1971) . A graphic presentation of these results is given in the

Appendix Figure .2. Following the arousal situation, however, a

new pattern emerges. Group 2 describes the predicted inver-téd - U

curve in relation to the ascending levels of anxiety, with medium anxiety

‘'subjects performing at the optimum; Group 1, on the other hand, now A

performing the more c\omplex .Task 2, exhibits a near linear pa’pter-n

vshowing very little difference in performance between anxiety‘levels.

From the above paragraph several points become apparent:

(1) To effect an arousal situation intense enough to drive
performance beyond an optimum point, the arousal inducement
should be continuous and intense.
(ii) To overcome the negative effects experienced by hig‘;hv
an-xiety subjects in the initial stages of gxper-imentation, all subjects
sho’uld be exposed to the experimental situatiop and severél practice
trials some time prior to the co‘mmencement of the experimental trials.
(iii) The arousal inducemenf technique used in the present
study, while it might have been sufficiently intense, was not of

sufficient duration to elicit the expected results. This point will be

S
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discussed in more detail in /the next chapter.

f‘inally, an explanation for the concept of optimum 7
interpre'tatiop would be 'expedient here. Meyer (1953) e#plained
optimum motivation in the following terms -~ providing thus a neuro-
physiologicallrationale for the curvilinear effect. He posifed that the
fact that a moderate degree of excitation is more likely to lead to
superior perfqrmahce, fnay be explained by the assumption that small
amounts of added excitation are believed to recruit neurones ;/vhich
would contribute to the response. Greater degrees of excitation are
believed to recruit more remote pools of neurones so that inappropriate .
neurones would also be ac;tivated. Interference with performance
therefore, would be due to the facilitation of competing respopse's. Such
an explanation would account for inappropriate muscﬁlér tensioh; to the
extent of perform'ance disruption at extreme levels of activatidﬁ. |
Moreover, this hypdthesis would»explain, quite adequately, why inter-
sensory disruption at high intensities usually has an inhibitory; ef_fect
upon performance. In.keeping with Meyer's interpretation, .MceNamar‘a
and Fisch (196)4) found, in a study on the effects of level of ‘motivatiqn
ac;s consistently to reduce the number of cues utilized in a p.erfiorm,ance g?
task, when these cués are relevant to completion of the task%
Su’pportive of Meyer's theory, Duffy (1962) has indicated that excitation
in one part of the body appears’ in general to bé accompanieg:l by
excitation in other parts and not, as might conceivably have Bee’n the
case, by compensatory inactivity in other tissues. Wood and Hokanson's

(1965) study supports this notion by demonstrating that heart raﬁe as .a
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function of increasing muscﬁlar tension, increased linearly throﬁghout
vthe range of tension; whereas a curvilinear effect was obtained on
an intellectual task. As the level of musc‘ular‘ tension increased so
performance on a simple intellectual task increased until an optimum
point was reéched, beyond which performance level decréased iﬁro—
gr_-essively. Duffy's interpretation of over'all excitation could‘.similarly
" be used to account for the result obtained by Di Scipio, (1971) who
found that white noise facilitated massed psjchomotor performvancv:e for
an optimal period of time, after which the noise became a pr(;gr,essively

more disruptive stimulus,

CHAPTER CONCLUSION,

It would appear from the findings discussed in thi:'sA
.Chapter that while the invertéd ~ U concept is a useful méans of
explaining differences invper'formance as .a function of motiv,atién or
arousal, the method of establishing just where on the curv‘e a
particular arousal score will fall needs greater clarification. "Thev
elementary logic of the inverted - U relation is an appealing f',eat:l.lre;
moreover its implications apply to élmost any study in which f)erw'for:nan‘ce

is measured against some ongoing independent variable.

.



CHAPTER V

THE 'PLACEBO EFFECT AS A MEANS OF

INDUCING PHYSIOLOGICAL AROUSAL,

PHYSIOLOGICAL INDICES EMPLOYED TO
ASSESS AROUSAL

"Take tho.u this vial being then in bed,
And this distilled liquor drink thou off;
When. presently through all thy veins shall run
A cold and drowsy humour for no pulse

Shall kéep his native progress,

No warmth, no breath shall testify thou liv'st...."

Shakespeare's

Romeo and Juliet

Act 1V Scene 1.
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Within the bounds of qlinical psychology énd psyého-
pharmocology, the Placebo Effect has remained a poorly explained
phenomenon. While the‘implications of placébos are uéed extensively
in medicine, attempts at advancing a feasib}e rationale héve_ been
notably few. In>the present study the placebo effect was used as
an effective, though short—Hved, method of inducing a state of physio-
logical arousal. In tentative explanation of the phenomenon, .this
chapter reviews briefly some of the evidence in the field with‘ réference
~to its use in the present study, and attémpts to link vsuch evidence
with evidence from existing psychological and psychophysiolog-jcai
studies. |

As the quotation from Shakespeare's Romeovari‘d Juliet
wouid tend to indicate,-placebos can be_ used positively or ne'g;atively;
moreover, suggestibility, of receptivity would appear to be of prir.ne
importance for the effectiveness of any placebo. Fischer énd Dlin

1

(1956) define a placebo as "an agent employed with or without some

© ritual, but always with the suggestion or implication of its pov;ver: or
helpful properties,' and placebo reaction as, 'the physi'ologic- aﬁd
psychologic reaction to the administration and acceptance of tﬁe
placebo, this reaction can be positive ‘and beneficial or it can— be“
negative and detrimental." English and English (1958) definel'af
placebo as....''a preparation containing no medicine and administered

H

to cause the patient to believe he is receiving treatment." Of

.
!

equal importance is that the patient have knowledge of the effect- the

placebo is to produce; the desired appearance or disappearance
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point was sﬁected'by the rather overwhelming exper-irnentali situation
and the insidious s'mell of diethyl eth‘ér, reminiscent of hospitals and
surgeries. The second point was clarified in some detail by the
pre-recorded tape recording played through headphon’es to each
subject, in which the effects of adr'enalirte were explained as clearly'
as possible, and, in the lLight of the experimental situation it; was’
deemed that this would lend further credence and Aatmospher-e to the
study. In the ca.se of the third point, the subjects had ltttle cause
to doﬁbt the nature of the substance being administered to them.
The final point is worth note here, as the person administering the
placebo injections was herself a qualified Nursing Sister.z éoth she,
and the experimental assistants wore white coats, and inthe} case of
the Sister, on her coat she displayed her Sister's epaulettes, and
badges. The latter such details are of prime importénce in producing
a 'placebo phenomenon; termed placebo-cues' they are, in effect,
merely supplementary stage-props, adding to the authenticity of the
clinical-like’ setting. | |

Studies in which the placebo has been the subject of
experiment have been strangely few. In most cases of stuqy,
placebos are used merely as a control for experimental purposes in
which the efficacy of a drug or medicine is assessed. As such,
placebos have seldom been the exclusive subject of experiment.
However, in a review of the current literature in the field, isever'al
interesting points smerge which warrant mention, if only to stress
the potential effectiveness of placebos. Gelfland et al (1963)'founct

the placebo to be an effective agent 1n pain tolerance. An
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e‘xperimental group was tested for pain perception and pain
tolerarice and then given a placebo, presented as a powerful pain
reliever, a_fter which pain tolerance and pain perception were again
measured. The control group were submitted to the same procedure
without the placebo. The prediction was made and confirmed that
the experimentavl group would perceive pain later and toleré;te .pavin
for longer than the control group. Of particular relevance to the
present study, Frankenhaeuser et al (1953) studied the eﬁicaéy of
placebo introc_iuced either as a stimulant or depressant. Comparisons
between pre - and post - placebo measurements showed tl'lai: the
two treatments prodﬁced marked effects in opposite dire‘ctions. The
"depressant'' placebo produced a statistically significant dec:reése in
pulse rate, blood pressure,‘ objective and subjecigive reaction speed,
as well as significant effects on subjective mood in the expéctefd
directions, The l”stimulant" placebo produced opposite and signific'ant
changes in éll variables. V’I‘he subjrective reactions weré, on ‘the
whole, more pronounced than the effects oﬁ performance afnd
physiological functions, V

In the present study to assess the efficacy of the arousal
induced by the placebo, three physiological iﬁdices were u‘sed‘.
These were : (i) blood pressure, (ii) pulse rate, and
(iii) palmar sweat index (FPSI). The interpfetation Qf the blood
preésure index is a complex one requiring some explanatiqn. :

Blood pressure, as measured with a SphyA{'nomlano{meter,

is evaluated by two indices - a numerator : the systolic préssure

indicating the pumping force of the left ventricle; and a
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‘denominator : t.he' diastolic pressuré, a comparétively low pressure
obtained as the left ventricle is filled by the contracting left auricle.
Consequently an inde;c such as ‘%%Q may be obtained. _I—Iéwever;
when compared with other blood pressures this shows very little
interpretat ive value, and as such is usually reduced to one number
called the Pulse Pressure, obtained by subtracting the deno_rﬁinafor
from the nﬁmerator. Thus a‘pulse pressure for the above example
would be 120 - 80 = L0, With increased physiological arousal and
the liberatioh into the bIood_stream of adrenaline, vasconstri;:tion
occurs, causing the ventricular contraction to become more v’v'ig'orous -
giving rise, thus to the éwareness of one's own heartbeat -

palpitation .and increased pulse rate. This effect increases the’

systolic pressure, giving a consequently higher index on the numer-
ator. Thus, in an arousal situation the above index may rise Ato
130 | ,
’%5’, for example. In this case the pulse pressure is 55 v:rhich
represents a pulse pressure increa}sg, over the first reading, 'of 15.‘
Thus, for pre - and - post arousél,' two indices of blood preésure
may be takén and expre,sséd asﬁ é 'single unit, representativé of the
relative increase or decrease vin pulse pressure.

The second physiological index used in. this studyj was that
of pulse rate. .Pulse was measured at the r.adial pressure point
at the left wriét of each subject. As in the case of the ‘abc‘;vei index, |
pre ~ and post - arousal,measureg were taken, the d_,ifferehcé
indicating fhe arousiﬁg effect of thé placébo, The fingl measure

)

taken in this study was based on the work of Dabbs, Johnson and
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Leventhal (1968). Using a chemical compound resembling a
"plastic skin'", which is painted onto the fingertip and dries in
approximately 10 se’conds,v the authors were able to obtain
quick and simple measurements of palmar sweafing. The compound
consisted of 5 gm of polyvinyl formal (Formar 15/95E) ;‘ 15 ;ml of
butyl phthalate; 20 gm of a semi-colloidal dispersion of graphite in
trichlorethylene; and 100 ml of ethylene dichloridé. As indicated in
the studyl .. '_'Polyvinyl formal withdraws from moisture ina the
orifices of active sweat glands, leaving holes or bubbles in the paint.
Butyl phthalate gives strength to the paint; graphite provides \;isual
contrasts; and ethylene dichloride is a solventv. " The prirllt., Athus
obtained, was transferred to a slide and viewed microscopically.
Under 10 - 15 x magnification, active sweét glands appeared ‘a's holes or
ridges along the ridges of the fingerprint, and the number of ﬁoles in
a 4 mm square afea determined the Palmar sweat index, |

Iﬁ the present study, ethylene dichloride was un_obt:ainable,
so that 120 ml of chloroform was used in its stead. Thié éppeared

: !

to be an adéquate organic solvent with similar properties to ethylene
dichloride. With respect to the colloidal dispersion of graphite, it
was found that the graphite particles remaiﬁed too large to :‘be Eof
any value, and it was consequently omitted from the compound used
in this study. The slides obtained were of sufficient clarity to be used
successfully; and a 4 mm grid lens was used to delineate the

13

specific PSI area.

¥

The result of the physiological indices were analysed in
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each case by a Two-Way Analysis .of Variance with repeated

measurements on Factor B (before and after arousal). The

results of the blood pressure teéts are given in the Appendix Table

6(a) and 6(b).. Table 6(a) shows a summary for the Analysis of

Variance from which it can be seen that the only significantrdifference

between blood pressure indices is between the pre- and post-

arousal measurements, (F = L4 . 341, df = 1,27, p.{_. 055
;

there being no significant differences between groups based on

‘Manifest Anxiety scores, Comparable results were obtained from

the Pul se rate scorles - there being no significant differencé between

Manifest Anxiety groups, but a highly significant difference Within

the groups, before and after arousal. (F = 39 - W47, df = 1,27

p <-01) Appendix Tables 7(a) and 7(b) show the Analyséis of

Variance Summary and mean pulse rate scores respectively. The

same trend is reflected from the scores obtained using the Palmar

S‘weat Index, no difference being shown between groups, but-a

significant differenge within the groups pre-and post arousai |

(= 17 < 7ML, & = 1,27, p <. 01). See Appendix Taiéle.?

8(a) and 8(b).

The common factor emerging from these results: is the -
significant difference obtained in the indic‘es before and after the
arousal situation, To this éxtent it may be assumed that t}‘le
placebo injection was an effective ’means of in;lucing arousal.
However, a factor which should be‘ taken into account in this

respect, is the arousing effect induced merely by fear of the -
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injecticlbn, regardless of the contents of the syringe. ,' .Héwever", it
is precisely this point which defines. the placebo efféct, since any
| bodily excitation expe'rienced by the subjec’t‘follow.ing the injection;
would uhdoubtedly be attributed by him to the "adrenaline" just
injected. Having just been informed that the injection woﬁld cause
such effects, this explanation would fit the physiological changes’ being
experiénced by the subject. Support for this interpretation is é;ivén
by the work of Schachter and Singer (1962) . The .co_rr'obc;r'ativie
eviden.c:e is succinctly formulated in three hypotheses:. "
(i) Given a state of physiological arousal for whi:_ch an
individual has no immediate explanation, he will label“
this state and describe his feelings in terms of thc;, .
cognitions avail_able to him.
(ii) .Given a state of physiological arousal for which an
individuél has a completely appropriaté explanation, 1?'10'
evaluati.ve needs will arise and the individual is uz_flliléely
to label his feelings in terms of colgnitio“n’s an a\'reii»labl‘e to
him. | | | |
(iii) Given the same cognitive circumstances, the i;'ldividual
.will react emotionally, or describe his feelings as

emotions only te the extent that he experiences

physiological arousal.
The above three points highlight an essential feature of

placebos: the effect of sehsof-y-and propriocerptive feedback. To

illustrate this point, a study by Bloemkolk et al (1971) showed how
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false feedback on heartbeat, presented. visﬁally on a screen before
the subject, could produce positive evaluation of phoi‘.ographs, even
where such pictures were of‘an entirely neutral nature. This
was an ingenious study as it overcamé fhe problem of requiring the
subject to indicate faithfully his subjecti‘ve assessment of excitation
experienced by himself. In a previous study, (Ellis—Sm’.ith,‘ 1971)
a self—-vrepc')rt inventory, to assess the subjects' subjective sensations
of placebo induced arousal, was used. This assessment proved, |
however, to be highly unsatisfactory, for while pulse rates ilndicated'
a marked increase in activation, the subjects prefe‘rred te reméiri
stoic concerning their degree of subjective excitation. Co—nsequently
scores on the self-assessment scale were invariably low and
considered to be ‘uhreliable. To circumvent this occurrence in the
present 'study, this procedure was not adopted, two further
physiqlogical indices of aréu_sal being used instead. |

A correlation of the physiological indices and manifest
anxiety revealed disappointing resﬁlts. Significan-t' correla;tiori were
obtained between PSI and pulse rate (r= .60, p < . 605)
and between PSI and blood pressure (r = .41, p < .025) See
Appéndix Table 4(a). Thus far, however, the currelnt evidence in
this field shows simijlar rather‘ inconcluéive results. (Cal;rin? et al,
19563 Martin l96i). As was indicated in Chapter 3, ther;e 1s
little evidence to illustrate that Manifest Anxiety and physioiogi"cél
arousal are éonceptually the same thing; although as it is défined

clinically it is assumed that anxiety has important physiological
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correlates. (Levitt, 1968) ,

CHAPTER CONCLUSION.,

In an evaluation of the effectiveness of a plaeebo
injection as an arousal-inducing agent, it was indicated lthat while
the injectio'n did indeed show a general excitatory effect upon the :
physiological measures used, the intensity of the Subjective stress
experience was questionable. Moreover, the duration of th.e arousing
‘effects was unassessed; this could, however, have been effected by
taking the measurements on conclusion of each subject's teet. | In
the light of Schachter and Singer's (1962) study, a tentative |
explanation for the ection of placebos has been put forward.
Two correlatione between physioiogical measures of arousa} were
significant, but correlation between physiological indices and scores

on the MAS were. not significant.
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The present study employed a 3 . x 2 x. 2 E‘-“alctorial‘
Design : Such that Factor A consisted of the three levels of
Manifest Anxiety; Factor B consisted of two levels of arousal;
and Factor C .consisted of two levels of Task difficulty. It was
hypothesised: that there would be a significant difference 1n level
of performances of subjects on the basis of their MA scores;
that plotted on an inverted - U graph these results would show a
curvilinear function, and on increasing the arousal level, these
performances would differentially shift to the right; and finally that
with increasing tasi< difficulty this curvilinear function would be
replicated b:ut i/vith a lower optimum level of performance.

Appendix Table 5 shows the data arranged in eells
according to the 3 way design. Appendix Table 9 shows the. summary
of the 3 Way Analysis of Variance. Significant F ~ratios were obtained
for Factor A, Factor C and a significant interaction effect between
B and C. Summary Tables of interactions are given in- Table 10 of
‘the Appendix. No interactive effect was obtained between level of
Manifest Anxiety and arousal level (i.e. AB interaction), nor between
Manifest Anxiety level and Task difficulty (AC Interaction). I—iowever,
there was a significant interaction between arousal level and 'fask
difficulty.

Appendix Figures 3, 4 and 5 show the prophiles of
interaction between Factors AB; AC;. and BC. Althougih the AB
and AC interactionslwere not significant, they do nonetheless indicate

trends mentioned earlier in Chapter ITI. Figure 3(a) shows the

trend noted .earlier, that the high anxiety subjects(A1 in this
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graph) reaeted more slowly, but following the arousal situation
showed a greater imlpr-ovement in performaﬁce than did either the
medium or the low anxiety subjects; (Note that the true reaction
time values, and not the reciprocals are given.) This effect is
sh_own.more clearly in Figure 3(b) appendix Figure L(a) showing the
interaction between Factors A and C (Anxiety level and Task
difficulty) reveals the same trend as Figﬁre 3(a), with High -Anxiety
subjects showing a slower reaction time performrance on both Task 1
and 2. Performance on Task 2 by the High Anxiety subje.ct:f's v\}as
relati\fely slower than the medium and low anxiety groups, with
respect to their perfofmance on Task 1; this r-elationship is .shown in
~greater clarity in Figure -l+(b).. Figure 5 shows the eignificant:
interaction effects between Factors B and C. (Level of Arm.ji.sal and

. Level of task difficullty,. -respec.tively) . Figure 5(a) shovws the effects
of arousal on Task difficulty. From. Table 11 it will be seen that

the values of 3 at C1 are significantly different (F = 6-201i,
df = 1,48 p < -05), although at C2 the difference does net reach
significant level (F = 2-316 df = 1,48 p < .05) Note that'
‘Bl represents pre-—arousel -performance and B2 represents posf
arousal performance. Figure 5(b) shows how the effects of arousal
differ-entially affect level of performance on the two tasks. T>askr 1
represented by profile C1 shows a slowing effect following ar-ou-eal,
while Task 2 (profile C2) shows a marked improvement in ;peed of

response following arousal. This interaction is discussed in-greater

detail in the Discussion. As was to be expected, C at both Bl and
. o
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B2 was found to be significant; (F = 58-054 and F = 13.011,
daf = },48, in both cases, and p; < .01) indicatiﬁg that Task 2 |
was siénificantly more difficult than Task 1.

II;l generél performance did not follow the predicted
inverted’ - U pattern, although the curvilinear relationship proved a
useful rﬁeans to interpreting re-sults with respect to arousal level.
Increased task difficulty had the expected effect of lbwering the level

of performance.

DISCUSSION.,

The results on the whole were inconclusive, althéugh
certain predominant trends did become apparent on further analysis.
In general, high manifest anxiety scores were associated witﬁ slower
réaction times. This result is consilstent with most findings and |
consistent with the earlier study (Ellis-Smith, 1971) which s.hlow.ed
similar trends. (See Figure 2 and Figure 4(a) in the Appél.'ldia‘c)
The effects of arousal on perfofma.nce are more difficult to aéseés;

: - !
this being due largely to two factors:

(i) Firstly, the nature of the design itself which 1;1ec"essit—

ated that prior to receivng the placebo injection, the °

subjects had all complefv:ed. one reaction time task;;'eitlher

".E"ask 1 or Task 2. For subje‘cts who had completed

Task 1 first, the arousal situation appeared to haxi.}e ’;m :

enhancing effect on performance in Task 2 (See Figure 1

and Figure 5 in appendix). For subjects who completed

Task 2 before the injection, performance on Task 1>
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was ﬁotably impaired. (See again Figure 1 and Figure 5
iﬁ the Appendix) . This impairment may feasibly be
ascribed to the excitatory effects of having to perform

a difficult task first with no "warm-up'" period on the
easler Task 1; such that, together with the‘afou.siné
effects of the placebo injection, optimum arousal’ lex}ei for
performance was surpassed; and any subsequent per-
formance would thus fall on the right hand side of the
inverted - U curve. ‘A second explanation for this
impairment, which was mentionéd in Chapter II, x;vas

that subjects who had performed Task 2 first wére
possibly in a state of expectétion; since they werevnot
informed that Task 1 involved no peripheral srtin':'ulis. While
this undoubtedly served as an added form of excitaf;ion, it
also added to the difficulty of Task 1 siﬁce subjects con-

tinued: to scan the peripheral lights in expectatiob. of their

illumination.

(ii) The second difficulty with respect to assessing ﬁhe
effects of arousal on performance has already béen
mentioned at some: length in Chapter V: the duration of
the effects of arousal. For while physiological arousal was -
undoubtedly induced by the placebo injeétion, it r:!emiained
unasses;ed as to how long these effects would éndﬁre.
Tt is suggested that should this technique for arousal-

inducement be used again, the physiological measurements
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was notably impaired. (See again Figure 1 and Figure 5
in the Appendix).  This impairment may feasibly be .
ascribed to the excitatory effects of having vto perform

a difficuit task first v;7ith no "warm-up'' period on the
easier Task 1; such that, together with theérousing
effects of the placebo injection, optimum arousal> level fof
performance was surpassed; and any subsequént per-
formance would. thus fall .on‘. the right hand side )-of the
inverted - ‘U curve, A second explanation for :’this
impairment‘, which was mentioned in Chapter II, t;vas

that subjects who had pérformed Task 2 first were
possibly in a state of expecfation; since they w-ere. not
‘informed that. Task 1 in.volvedvno peripheral stimuli., While
this undoubtedly served as an added form of‘ excitation, it
also added to the difficulty of Task 1 since subjgé.cts con-

tinuedi to scan the peripheral lights in expectation of their

illumination.
{

(ii) The second difficulty with respect to assessing the
effects of arousal on performance has already beer@

mentioned at some length in Chapter V: the duration of

the effects of arousal. For while physiological arousal was

undoubtedly induced by the placebo injection, it remained

unassessed as to how long these effects would endure.

It is suggested that should this techniqlie for arousal-

'

inducement be used again, the physiological mea_surements ‘
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should ‘be taken on the éubjects' corribletion of the

tests. |

With réspect to the curvilinear vrelationship between
performance and motivation (or arousal) one major difficulty Was
encountered. There is no proof that subjects .assessed to b.e highly
anxious on the basis of an inventory, will nécéssarily show greater
physiological arousal under étreés or arousing conditions . If is
significant that in the present study, while some of the physiological
measures of arousal did corvrelate with each other, no correiati;n
between physiological measures and MA Score was obtained. This
being the case, a m_orebhysiologically orientated assessment'of’
habitual arousal level should be used to gauge where on the ﬁ;vérted -
U curve ‘a subject will lie, |

Finally,. with respect to the relationship between vper'formance
and arousal, reaction time is possibly not the best type of p_erforma.nce
to use. As was indicated at séme length in Chapter II, reacti;)n time
is a mode of performance affected significantly by very small changes
in practically any of the 'indepenaent variables used. Ewven while as
many influencing variables as possible were removed in the preéent
study, by the use of EE G to determine the time of stimulus
presentation, and by earphones to eliminate experimenter effect and
extraneous noise, reaction time remains a highly sensitive deper;dent
variable. Moreover, with thev large amount of statistical analysi:s which

must be performed in order to assess such fluctuations in performance,

specific evaluation of an individual performance becomes well nigh

impossible. However , Donders gave to psychology a field of
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research which proved to be invaluable, for he indicated that
the performance of man could be and should be examined at all

levels of observation, from the macroscopic to the microscopic.
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Figure I

'Graph Showi_ng mean performance on Task 1 and Task 2
before and after administration of the placebo injection.
(Reaction time scores are given in reciprocal values x 100)

Mean
Reaction
Time in
Reci procal

Value xiop

(seconds)

290

\'\'\--\'\ Group 1, Task 1
250 : \'\\.\. before injection’
:230
210 - ' Group 2, Task 1

‘ after injection

:‘-190
170 ~ Group 1, Task 2

— e LI after injection
.150 Group 2, Task 2

before injection’

130 |

Low Mediom ‘ngh

Level of Manifest Anxiety
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- Figure 2

Graphic pfesentation of the results obtained in the 1971 study.
(Ellis-Smith, 1971). Only one level of task difficulty was

Employed. v

Arousal was induced by a placebo injection, as in

the present study.

Reciprocal
Value of
Mean
Reaction
Time.

X 100

seconds

-037

-0O35 |

-034 |,

Pre-Arousal -.-.-

-O38

Post-Arousal

Low Medium —High

L.evel of Manifest Anxiety
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Figure 3.

Profiles showing interactions (although not significant) between
factors A and B. (Manifest Anxiety and level of arousal)

Figure 3(a)
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Figure 4 7
Profiles. showing interaction between Factors A and C.
(Anxiety level and level of task difficulty.)

Figure 4(a)
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Figure 5.

Profiles showing the significant interaction effects between Factors
B and C. (Level of arousal and level of Task difficulty)

Figure 5(a)
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Table 1§a)

Summary of Correlation Matrix between mean reaction time

scores and standard deviations.

Task difficulty Arousal N df r level of
: Level . significance
1 Before 15 13 - 917 - 005
1 After 15 13 '-8j§. . 005
2 Before 15 13 - 890 - 005
2 After 15 13 ‘682 ‘- 005
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TABLE 1(b)

Correlation matrix showing correlations between reaction time
pre- and post- arousal and standard deviation

Task 1 Before Arousal After Arousal
R.T. |  s.D. RT S.D.
L0L.6 69.8 509.0 - 136.9
372.3 49.3 508.9 286.2
469.2 306.6 471.6 65.3
329.6 L5.4 563.4 396.1
4L82.3 297.0 450.5 296.7
343.7 M. 5 389.3 49.2
348.8 77.1 343.9 90.1
378.8 65.7 L88.6 294h. 4
354. 4 54.1 526. L4 501.8
L56.4 R9L.7 656.1 614.6
383.5 71.1 398.9 69.4
362.6 62.1 6L2. 4 LéL .7
378.3 124.8 380.9 68.0
374.5 58.0 410.4 52.2
313.5 38.3 330.3 L2.2
r = ,917 r = 878
Task IT :
62.5 hhl.h 799.1 365.3
729.4 342.4 537.3 . R42.Y4
990.7 630.0 743.6 405.5
. 612.8 159.9 60L. 4 316.6
611.3 156.3 561, 1 149.9
586.8 231.5 L61.L 64.6
- 449.9 192.6 559.1 79.1
741.3 303.3 522.4 87.7
607.8 296.5 6L4.7 280.4
688.1 - 371.6 636.5 181.4
601.3 273.0 537.2 1hh. 4
587.2 152.1 6L3. 4 206.5
574k 114.1 L4L96.5 78.1
568, 5. 166.6 615.5 555.7
439.8 102.2 437.1 121,.0
r = . 890 : r = .682
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Appendix Table 2

Manifest Anxiety Scores of the 30 Subjects used, as categorized
into the respective anxiety levels,

Low Medium High
7 10 23
. 10 s
7 o 10 19
8 11 e 19
9 | 11 | 17
7 - ‘ 11 26
5. 14 18
5 1R 15
0 o 11. 23
8 10 ' 19

Mean 63 11 19.4




99

Appendix Table 3

Correlation between mean reaction time scores on Task I and
Task II.

Task I ‘ Task IT
330.3 439.8
410. 4 568. 5.
313.5 437.1
374.5 615.5
378.3 496.5
362.6 643. 1
383.5 573.2
380.9 574.4
587.2 6L42. 4
398.9 601.3
L56.4 636.5
343.7 L61.4
348.8 559.1
378.8 522.4
354. 4 6LL. 7 N = 30
656.1 688.1
526. ) 607.8 ¢ = 28
4,88.6 741.3 r = .591
343.9 1449.9 S
389.3 586.8 p <& .005
471.6 612.8 - |
450.5 611.3
LOL.6 799.1
372.3 537.3
L469.2 743.6
482.3 561.1
329.6 604.4
509.0 729.4
508.9 990.7
563.4 762.5
Mean 425,58 614.7Y
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Appendix Table L4(a)

Correlation matrix summary of physiological indices used to
assess arousal and manifest anxiety scores. Abbreviations used
are B.P. for blood pressure; PSI for palmar sweat index;
MAS for manifest anxiety score and PRI for pulse rate increase.

PRI | B.P. PSIT
B.P. .2l
PSI .60 Ul
MAS - .002 .07 1l

Two significant correlations only appear.

Between PSI and pulse rate increase (v = .60, p ¢ .005)

and between PSI and blood pressure increase (r = ,41, p < .025)
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Appendix Tablé'lj-(b) ‘

Correlation matrix between (i) Pulse change
(ii) Blood pressure change, (iii) PSI change and
(iv) MAS before and- after arousal

Pulse B.P PST MA
0 - -12.5 1. 8
26 - 12.5 15 7
12 2.5 11 8
6 7.5 5 5
- 16 - 7.5 .3 5
8 =5.0 .8 0
12 2.5 9 9
10 ‘7.5 -3 7
10 7.5 7 -7
6 5.0 7 7
16 -7.5 -1 10
0 ) 2.5 -l 10
12 -2.5 -3 11
14 2.5 o 10
0’ -2.5 -5 11
18 10 10 11
-12 7.5 0 1L
10 -2.5 8 12
20 5 12 11
8 =5 6 10
10 7.5 8 23
10 0 8 23
6 .10 8 19
16 2.5 12 15
6 2.5 1 18
20 5 12 26
6 -10 -1 17
2 5 6 15
L 5 0 19
16 0 8 19 .

————

e



Summary Table of the Two-Way Analysis' of Variance with
repeated measurements on Factor B (Pre- and Post Arousal)
for the physiological index of Blood Pressure
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Table 6(a)

ANOVA SUMMARY

Source SS df MS F
Between Groups
A 18.531 R 9.265 .1508
Error Between | 1657.97 27 61.406
Within Groups
B 101.1+06_ 1 101.406 L.341
AB 82.437 2 L1.218 1.764
Error Within 630.656 27 23.357
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Table 6(5)

Blood pressure scores (Pulse: pressures) obtained for the
three levels of Manifest Anxiety, Pre- and Post Arousal

Low Medium High

L7.5 4L5.0 L2.5
- 45.0 55.0 45.0
52.5 L7.5 52.5
37.5 L2.5 L7.5
52.5 52.5 50.0
L2.5 L2.5 55.0
iiiourseal k7.5 o5=2.5 45.0
42.5 52.5 47.5
42.5 47.5 40.0
L42.5 57.5 35.0
35.0 L0.0 55.0
40.0 60.0 55.0
55.0 4L5.0 55.0
50.0 50.0 50.0
70.0 50.0 55.0
45.0 40.0 45.0
55.0 55.0 50.0
50.0 50.0 45.0
jfi:zsal 50.0 50.0 5.0
55.0 50.0 35.0




Summary Table of the Two-Way Analysis of Variance with
repeated measurements on Factor B (Pre— and Post Arousal)
for the physiological index of Pulse Rate. :
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Table 7(a)

ANOVA SUMMARY

Sourge SS df MS F
Between Groups |

A 1024.12 2 512.062. .863
Error Between 16005.2' 27 592.785

Within Groups

B 1306.62 1 1306.62 39,1471
AB 16.187 2 8.093 .RL2
Error Within 90l. 187. 27 33.377 ?
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Table 7(b)

Mean Pulse ré.te scores obtained fo_r the three levels of
Manifest Anxiety, Pre- and Post Arousal.

Low . Medium . High
110 66 - 76
76 6l .. 108
. 82 N 92 7
72 86 L 70
, 66 92 q1 . 84
Avonsal | T8 % IR Bt
96 64 9z
.80 e
88 | .6y o - 52
136 e 76
88 52 S 12k -
8l - 100 L 8y
88 104 . 76
- .j:ﬁizsal "2 | 108 ok
88 112 | 112
112 , 6l R 8l
04 6l 108
80 88 76
10y . 76 56 .
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Table 8(b)

Mean Palmar Sweaf Ihdex scores obtained for the three levels
of Manifest Anxiety, Pre- and Post Arousal

Low Medium High
35 34 30 -
22 : 30 61
30 57 o 33
=7 54 =8
22 61 57
35 63 59
51 . 25 : 3z
L9 : 28 L5
32 ' 3 _ 3.3
Ll 28 20
50 | u2 R5
33 30 73
35 : 63 o L1
30 60 30
27 60 69
3: . 75 60
60 : 20 ' 31
57 : 2L 53
33 - R7 -39
L5 31 : =0




Table 9

Summary Table of the 3-Way Analysis of Variance,

Factor A = 3 levels of Manifest Anxiety;
Factor B = 2 levels of Arousal;
Factor C = 2 levéls of Task difficulty
ANOVA SUMMARY
Source SS MS df F
A 103735. 51867.5 2 6.078
B 4017. 4017.5 1 L4708
C 536625. 536625 1 6£2.8895
AB 2452, 1226.25 2 .14371
v AC -18795. 9397.5 2 1.1013
BC 68987, 68987.5 1 8.0849
ABC 8232. 4116.25 2 .482)
Error 8532.83 | 48

409576,
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Table 10

Summary Tables of interactions between :
(1) Factors A and B;
(i) A and C;  and

(iii) B and C

B
582.5 574.8
A | L95.5 o 522.8
463.8 | 187, 2
C
456. 1 | 701.2
A . 428.6 589.7
391.9 : 559.1
C
B 383.5 Elyky. L

L67.6 588.9
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Table 11

Summary Table of the 3-Way Analysis of Variance for Simple
Main Effects. ' '

ANOVA SUMMARY

Source SS df MS : F ratio
A at B1 ' 67366 2 33683.0 3.947
A at B2 38791 2 19395.5 2.273
A at C1 20615 2 10307.5 1.2079
A at C2 102106 2 51053.0 5.983
B at A1l 11 1 11.0 '.0028
B at A2 3645 1 3645.0 . W472
B at A3 2762 1 2762.0 .323
B at C1 52920 1 52020.0 6.201
B at C2 19762 1 19762.0 - 2.316
C at A1 286802 1 286802.0 33.611
1C at A2 129605 1 129605.0 15.189
C at A3 140282 1 140282.0 16.440
C at B1 495368 1 495368.0 58.054
C at B2 111021 1 111021.0 13.011
Error 48






