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INTRODUCTION ¢
The purpose of the dissertation was to systematically in- l
; vestigate by means of an intensive iRdividual andlysis the
effects of a physiological stressnf:yheat; and a cognitive task,
problem solving, which included an additional element of péycho-
logibal stress; namely, an‘unsnlvable problem, on a battery of
}aJtUanic measures, Included in thiérbattery are heart rate,
diastolic¢ and systolic bloodfpfaésure, and measures of change
in blood volume in selected Dody'areaé. With this approach,
detailed below, an autonomic profile was obtained which will j

relate bodily response to problem solving and levels of stress.

Further, since these measures, excepting blood pressures, will
be taken continuously for each session, momentary variations

in arousal during the problem solving process itself were

phbtained, Systolic and diastolic pressure was monitored ét
approximately five minute intervals., -

The emphasis of the dissertation was directed tnmard/the
study of consistent pattérns of change hetween coynitive ac-
tivity and physiological response, not toward fhe testing of

any specific set of hypotheses., This is reflected in the




extensive uéa of curve fittingltechniques;and trend analyses
rather than inferential statistics, although t-tests are used
where appliceble for completeness.

As an adjunct to the pr1nc1pal prohlem, the qubgects were
pretested Fnr level of anxiety and the relatlmn nf thlS var-

Pl

iable to the study is presented




Review of the Related Literature
G

FRE T

In the past few years classical actlvatlonwtheory has un-

‘dergane some revisions, Freeman (I94G), Hebb (1955) Malmo
(1957, 1958), and Stennett (1957), 1n1t1ally presented ev—r
idence that an 1nverted U-shaped relatlon exlsted between par—
,furmance and autcnom1c activity. That is, autonomic "ten81on"
masifacilitating up to an optimum levelk Beyond that level,
Further 1ncreaqe 1n "ten51un" becane detrlwental tD perfur-
mance . It was Further 1mplled by DuFFy (1962) and Malmo (1959)

that autonmmlc Lruusal and behav10ral arousal 81nce they accur

in near 51multan81ty were always p081t1vely related, The sim-

pllcity of this notion has ~recently been challenged Malme
(1966), and Lacey (1967).‘Lacey contenqed‘that the degree of
attentiun required of the problem may play a central role in
the level DF autonomic respnnse. In fact, in test sltuatluns
which rvqu1re sirple environmental input, cardiac deceleratlon
and Llnad pressure decrease may GCCur. Dbrlst (1968) demon-
.stratcd that ant1c1pét1on of an unconditioned stlmulus was
accumpanlpd by cardlac deceleration and a Concumltant decreass=

in somatic responses such as eye movements, blinking, and

3.




electromyographic activity. Steele (1968) indicated that car-
diac response to arithmetic tasks.was acceleration, the in-
crease being significantly greater with.distraction.

Early, Darrow (I929) concluded that stimuli requiring
little cognitive integration resulted in cardisc deceleration;
whereas, associative activity produced the oppnsite'effap;.\
Duffy (IS5I) postulated that autcnomic arousal was positivaly
‘related tao task difficulty. Schnore (I959) found autonomic
respuhsivity higher in.a difficult situation with distraction
than under reverse éunditiama, Blatt (IS6I) analyZed cardisc
change at specific points in the process of prablem solving.

He found significant increases ip heart rate at those stages.

corresponding to periods of sufficient information for solution,

transition from analytic to syntheticiquestions,‘and the time
corresponding to the saiutinn of the probiem. Rimoldi and
VMeyer (I963) found that the degree of increese in heart rate
was related,‘tu the difficulty of the test situation. They
monitored cerdiac change to problems described as "abstiract”
and ﬁconcrete“ and cuncluﬁed that greater arousal accompanied
the lattef condition, Meyer (I963) found an incresse in hearti

rate when a subject attempted to incorporate snd assirilate




information during problem solving., Hess and Folt (I964)
suggested that sutonomic arousal accompanying thought pro- |
cesses may be related to various periods within the process.
Hahnéman and Beatty (I966) found that increases in pupillary
constriction were a function of the amount of information pre-
sented to the sﬁbject. Caly (IS67) using the Rimoldi thought
problems found definite patterns of arousal as assessed hy
pupil;aryirespnhse corresponding to critﬂcal*noints in the
problem solving process, R

Contrary reéulté have also appeared in the receﬁt lit-
erature. Lober (I968) clazimed the curve of mean heart rate
was not sensitive encugh to discriminate between various levels
of mental effort such as monotonous. adding, concentrating on
division protblems, and sitting idly for 'a forty-five minute
control:period. Burdick (1968) questioned uwhether resting
.heart»réte and variability alone are reliable measures uf
arousai.since these appear to be principally affected by con-
ditions which'are usually controlled in the usual methods of
experimentation, Syhder (I968) demonstrated that a comrditioned
vasuconstfictimn response can be nbtained which is independent

not only of the typical somatic measures, respiration rate




for ekamp}e, but of heart rate as well,

The present study attempted to éxtend this line of inves-
tigation by employing a more extensive sampling of measures of
autonomic arousal, by introtucing different levels of stress
to see if these function as dist;acﬁnr3‘and hence influence
the degree of attention; and préﬁeeﬁing through intensive in-
vestigation of a small number UF“éubjedts. In regard to this

‘last poirit, the search for intersubjétt autonomic relatedness
has recently been QUQStidned'(Laiaﬁus-éf EI.;I963), Mardkoff
(IQG&);~anﬂ‘LaZBrus.(19653). Scéhrore '(1959) and Lacey (1953)
argued that intraindividual change rather théan am investiyation
of intersubject autonomic patterning has procuced mare Valid‘
measuremegts. Thé low intersubject correlation of asutonomic
measures is simiiarly documented by these individuals; henée,

‘it seemed tha; intraindividual investigation would be poten-

tially fruitful and indicated in the present research.

In‘regafd»tn the way in which stress was applied in the pre-
sent study, it is to be noted that Teichrmer (I968) in an ex-
tensive treaﬁment of* stress and behavioral change claimed
that, "Very few experiments invalving symbolic stressors have

been done whiCh'have studied the interection between the state




of the organism at the time of stimulation and the stress
reaction, Most investigations have ;mppsad stimulation while
the organism was in an otherwise norma] state of environmen-
tal exposures, e have pmstulated,thgt»during unusual en-
vironmental exposures, the eff@ct éﬁ strong symbolic stim-
ulation would be to prolong the,gngpipgﬂdi:ectian of reg-
ulatory activity or, if asSuciated with.a high data-processing
‘ratio, to reverse it. This leads te the conclusion that in-
creasad muscular~and}decregged%s&;p @lood flow are not
necesgary. stress reactions;. but. rather, are.compensatory re-
actions whose. direction of change is determiped by existipgi
levels of flow." Cited as illustrative findings are Fencl et
al., (I959), who found an increase in blood flow through the
forearm muscle with mental arithmetic but a decrease in skin
flow when the "normal" level was high. Lhen skin flow was
"normally" low,. the arithmetic task increased it. Teichner
and Levine (I968) reported that when subjected to heat, sub-
jects responded to a conditioned stimulus with vasodilation
in the periphery, but vasﬁconstricted in a digit; hpwgyer,
when couled,;thafsubjects vasoconstricted in the periphery

and dilated in ﬁhekdigit as the conditioned response. The




design of the present study allowed both the comparison from
the "normal" gtate and an "unusual environmental exposure” in
an information processing situation, Skin Flow and muscle flow
were also monitored, hence Teichnep's proposed model of suto-
nomic reactivity can be tested. |

- The relationship between anxiety -and autonomic arnusal has
received much attention in the literature but!. the findings
‘are anything but certain, Ealef and Tayier (IS54), Berlyne
(I961), and Learmouth, Ackerly, and Haplah {1959) all found
posiyive cq;rglations between;aroﬁsal»and»psychnlogical reac-
tivity. More recently, Koepke:and Pribram (1957). indicated
that habituation of vasocongtriction‘uas g function not only
of stimulus duration but anxiety levels as well. Jackson (1967)
postulated that a high level of arousal in an anxious subject
may interfere with his ﬁrocessing of the stimulus and hence
effect his physiologiesl respense in its presence, Uettihg
(1966) reparted diffe;ent patterns of. physiological response
between an%ipus and non-anxious subjects in a testytaking“
situation. The present study used a measure of anxiety as an
adjunct to the primary problem and its use is treated in the

discussion section;




9‘? ,
PROCEDURE

Subjects: Four subjects, all male stiédents from the undergrad-
uvate divisiuﬁ of 5t. Louis University were tested. All sub-
jects were pretested with the Nicolay-Wislker Personal Re—‘
action Schedule and the Raven's Progressive Matrices, sets A,
8, C, D, and E, to assess base levels of anxiety and’geﬁeral

aptitude respectively,

Téstihg materials: The theucht: problems used were;deve1ope and
analyzed according to the method developed: by Rimoldi: (1955,
1961, I1963). This methad studies the problem soiving arocess
by analyzing the questiuné’asked by a subject in order to
reach the solution to a problem. Rimoldi (I964) using this

techrmigue demonstrated that an analysis' of problem:.solving be-

havior based on norms pertaining to the logical scheme of a

problewm rather than group norms is more sensitive. Hence, as
witn the physioclogicsl measures, an individual analysis of
cognifive activity was chosen. Rimoldi (I967) suggested the
application of several scoring procedures te the problems.

One termed the "schema pulling out" method, assigns values to




the guestions used in terms of their'relevancy and order asked.
Hence irrelevant questions used in the soYution to a probléﬁ
are eliminated from an observedytéctici”énd the subject is
penalized for irrelevant questions'asked in computing his total
score. Since the Rimoldi technique-analyzes the nhgéing ac-
tivity rather than merely a Final'prbééﬁt; it is ideaily‘
suited to the continuous autonomic meastfes used in the
present study. The unsolvable problem’ €USP) employed merely -
gave a redundant piece of informstisn b the' last guestion in
a'particular'tactic;‘hehCE,‘tﬁé"USP‘had"nn“ékact’édlufidn‘but
could be scored as the rest of the problems. A complete listing
of the problems is contained in the APPENDIX.

Autononic measurss: During the experimental periods, the sub-

ject's physiological responses were monitored through a six
channel firass recarder. Using the polygraph and photucéll
transddcers, three channels of information concerning blood
volume were bbtained from the toe, calf, and forehsad. Kelly
(1967) and numefabé“btﬁer}invéstigatnrs have presented data
establishing bleod flow'@s®a’ valid and reliable index of

arousal. The method used in this research to measure bleod

i0.




I,

volume depends on the amount of licht: reflected back to a
photocell from a restricted body area. :lhen blood flow is high,
as during vasodilation, more light ‘is reflected back to the
photocell and appears as an increase in amplitude on the channel
being monitored. Reduced bloocd flow: results in more light
passing through tissue, hence less reﬁlgctance; and tﬁerefore
pressure pulses of a reduced amplitude result.rThe particular
pbsitibning of the transducer was‘chosen to.reflect any shunt-
ing of blood, due ta.Vasocunsirictinn or dilation, from
peripheral to central structures and toreveal the specific
pattern of vascular response within the general state of arousal.
More specific infnrmation-és to the functiom and placement of
the transducers for various abplicatians may be obtained from
Senay et al. (I96I).

~ The heart rate was determined by counting each pressure
pulse for Dné minute's time, The pressure pulses from the toe,
calf;,andffnrahead were sampled and their average height com-
pared to a.standard calibration factor which was checked at
about ten minute>intervalé. Celibraticn was acpmmplishad by |
shutting of ¥ tﬁe dight to a transducer‘mmmentarily and re-

cording the no lightwsituatian as a baseline., The nao light




condition would correspond to the complete.absence of blood
in the area being monitored. All changes in volume were theh
expressed as per cent change from this”baSEIine. In addition,
& pressure cuff and stethescope vere attached to the arm of
the subject so that blood pressure couldfbe remotely recorded.
The subjects-mere all tested while lying on a wire mésh
grounded bed in & climate chamber. The ‘bed’ was adjusﬁable so
that the subject could read the prnblehéﬂwhidh were presented
on a board in front of him, The climate chsmber in which the
subjects were tested was a room approximately 9' X I2' with

d gne way mirrcr.‘Ali recording was done ‘remotely and the-
temperature and humidity of the chamher mgfe eccurately

controlled,

Method: All the subjects had been pretested the day before
SESSIUN I on a theught problem of rather simple structure in
ordef’tnifamilarize them with the testing technique, The cli-
mate chamber was shown to them and the method of recording

the physiological measures was demonstrated in order’to allay
possible fearé;*Briéfly, as to the thought problems, each sub-

Ject was tcld thet he would be esked to solve a series of

12,




problems, some 81mple, sgme more camplex, Each SUbJECt was’ 1n-\
structed that he was to read the;pgnpégmwgng%thg acccmpanylng
questlons. Next, they were told that t@g7statement af the
problem did not cnntaln enoggh iqugmgp%gn P?Vbepﬁ?}VEd; con-
sequently, they were to choose Frum amgqq the questlgns presen-
ted thnse,mhich they FElt“3”9;”393§§?r¥wgﬂ¥?r?lya,§t ?xqg}fﬂ
ution to the problem, It was ?%s9s”°&ﬁggﬁﬂgt¢§;mﬁ ma?ﬁngp;a%‘”
cri?icalifactor wiphip :agsgﬁablgs;%Qigf§ﬁ?ngff?a§tﬁ@ey;shggld

therefare work at their own pgce, T N T

In reFerenqe ta the design uf the expeglment PTOper, there
uere threg SESSIONS, Dn day one of testiny, SESSTON T con-
gistedﬁquthg administ;gtion of two Simuldi thought prpp;ehs,
3IA,and{}IB,Jmith no heat stress.lThg‘subjects were tested in
thg)q;imate.chamber,lying on the‘grouﬁded«bgq mithrall‘physip-
logiga% measures expept the calf being munitured. The total
time gfwthis session ayeraged,abupt 75 minutes fér ali thg
Fpgr §9ngcts. At the beginning of the session ample time, about
I5 minuteg,gwas'givgn fgr the physiological indicés,tgtsﬁagil-
izg and th;grge;igg sg;ved as the contrpl’baselipeﬁprgcegp;ng
prnblém.BIA; ﬂfter;the problem had beén salve¢ aﬁgimé}ér,period

of control time was allowed in order to sssess recpvery time,

13,
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14,

tihen thé physinlpgical indices agaiﬁlgféﬁiiiZEG, problem 318
was administered, and Tecovery ti%%lﬁagwﬁbain‘alluued'afterfits
sblutinh; These periods of stable respunse served as the bese-
lines from which both'arnusal and“FéEE§é$y aréfﬁioffédlyﬂs men-
tioned prebipusly, the total timé of SESSION I was atiout 75
minutes per subject. SESSION II on day ¥im of testing consisted
of five hdhrs of heat sfiéésﬁéf’iId%&ﬁﬁgégé'Fahrenhéit‘endaﬁhé”
administration of a‘Siﬁdlé%fhduﬁhf éngfgéii3fﬁ; late in the
éessioh.ﬁfhié41665?p§fi63”6¥?Hggi“éfféégwﬁffﬁéﬁf”bdﬁnifivé
"stress" served &8 the control session or baseliRe hedt stress
Ffdﬁwﬁﬁgﬁ%ﬁé%dUQEICSHd fécUVéryidﬂé"fbkﬁIcfdéfé ﬁi&f%bd:VThis

4

baseline heat stress was élSd'cﬁﬁpareHgtdﬁbéséliﬁe‘ﬁﬁ'héa%A'”ﬂ“‘
stress in order to asses~the.magnitude of tﬁe»phySiolngigal
sff;sébr: SESSIdN'III contained the same level of heat stress

as in S8ESSION IT but here thres thought problems, 3I0, 42,
33A:‘éﬁH'a"éing}é‘unéolvaﬁlevpfublem were given spaced th}nugh-
out the Session. During this third day of testing, as with the
ﬁrEViﬁﬁé éEééiDNS; ample control time and recovery time Wos
allowed afnuﬁﬁ'éécﬁ prbblém and thesé periods served as the
baselihé Fﬁrw%ﬁé’prdber problem being andlyzédQ“Fufthef;’all

subjects were put in the climate chamber ore hour befare

B ek
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monitoring was begun for SESSIONS IT<and TII, in order that

their body temperature would be-atfé*faifly’stable level for

testing, _ | »

- The data was analyzed -both descr¥ptively'and inferentially,
Firstly, for each subject, an autuﬁamic-ﬁiéfilézwéé'obtained
for the problem solving segementd df”eégﬁ session: ‘This profile
presents actual heart rate and~préé§éf§“ahévmean‘SCUreé fram the
volume measures for sucéessfve‘fiveémiﬁété“ﬁdfibds for each ex-
perimental\saséioﬁ?aﬁd“hénﬁé“féﬁiéatﬁfcﬁaﬁééinnm’baseiine”éon-
ditidns~aafwalléasfféCUVéfé’ﬁfﬁe?gBoﬁﬁfé“treﬁﬁ analysis and
curve Fitting brdééd&ﬁes*éeré”ﬁérfﬁrme&,hﬁ”this"aaﬁéﬁ"?he”M
trend analysis used heresin folldwed the format outlined by ‘Wirer,

Statistical Principles in Experimental Design pp. I32-135, "

This technique is designed to evaluate data from experiments
inv&lviﬁg the use of repeated measures and does su‘throUgh an
analﬁais of blocks of mean scores. A block is compnsad‘df‘ﬁhe
means for all subjects'fnrfa.giQen'treétment-level. By applying
the proper set of ‘weights to these means, coefficients of
drthognnaﬁ??DIVhOmialé,'the amount of tatal variance attrib-
utable to lihedr, quadratic, cubic, etc., trénds is extracted.

In this stuty' all' trends were analyzed to the Fourth degree. A
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restrlctlen 1mpnsed by this technlque is that the blocks of means
L: *

be composed of equal unlts. Therefure, elnce the trend analysia
S e .

necessarlly 1nvolved a summing throuch all subjects for each

R T RS

block analyzed in erder to eetlmate errur variance, and since
; i #1 . % SRR AT

each SUbJECt typically had dlfferent problem snlving tlmes, the

RN L g 2y g
% s L ) (A AR 5 T

the serles of trend analyses were applled to the lung control
o B AT R

period preceedlng preblem 31E 1n SFSSIDN II where equal blucks
)
OF tlme could be establlehed For all the subjects., The value of

this analysis is that the stability uf a perind which is as-

§ ,t(,'\ ¢ e

- sumed to be a cuntral cnne1t1on can thereby be assessed, That
1s, "1f the analysis reveals that the: d1rect1nn of change aof
the phyalolagleal measures fpr-all the eubJecte is easgntlally
flat, lack of sign;flcantitrends, then this period js estae-
liahed as a haseline-frnm which to plot problem change under
heat atress. A tutal t1me nF nlnety m1nutee, three elncks af
thlrty minutes each, was selected Fer ana1y51s. 5pec1fically,
BLDCH DNE cen51sted of each phy51elogncal measurd ‘taken sep-
arately for all the aubjeets from tlme €5 mlnutea ta 90 minutes
into SESSYON IT. BLOCK TWO encompasded time T45 minutes to 170
mi.nu‘tes,“a’hd";e_ucn THREE time 225 to 250 minutes. |

‘The curve fitting invalved the use of a least sguares

-
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polynomiél procedure, Each physioloaicéizﬁéésure for each sub-

jéct for each problem was analyzed‘up to the fourth degree since

it was felt that Further analysis uoqﬂd ‘neither be phy51ologlcally

nor psycholugicall mean1ngful By Fnﬁlnjing the develgpment

!

‘of the equations for the cubic Furm Pﬁe’can arrive: at‘thg

equatians for the general case of tha LBA&T SNUARES PDLVHENﬁAL

3

| .

, ¥'= aD + aIX + azx + 3 %
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Expressing the ggneral form of thg§ﬁ,§qyatigns in matrix form

vields:

Ty 2

e 3y
=X IX]  EX

ZX

n n+l -n+2
i Exi SXi

The matrix system is then solved for the unknown constants
~using a least sguares méfhod; The actual analysis was done
on an IBN 360 system using.the POLFIT program to. ocbtain the
least squares polynomials. This program yielded an index of
fit which‘apprnaches one as the Qoodness of fit increases as

well as the value of the constants for each degree evaluated,

t tests for

for each problem period and its preceeding control or base-
line period in order to establish the magnitude of each prob-

lem effect., Similar analysis was done on the control periods

£x
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correlated means were run on mean heart rate
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of SESSIONS I, II, and III, in order to establish the effect
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of the heat stress, comparison baselines SESSION I versus
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SESSION II, and to analyze the ameunt of day to day variability
~aof the autonomic indieces underiheaf;;stress, coemparison base-

lines' SE£SSICN II versus: SESSI0ON 4314 The formula- used was ob-
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RESULTS

Table I presents the results from the Nicolay-lialker Per-
sonal Reactlon Schedule. The total anxiety score and the four
subscales are presented for each subject. Although there is &
falr amount of dlverSity among these scores, the small number
tested rEbtrlcted generalizatlmns from this particular type of
data, RN IR

Table II préSéntéﬁﬁhe results of t tests uéing mean heart
fate%frpmlsuq:e§$iv§“five minute periods from the control
periﬁd preceaﬂingpaachiproblem and tHe mean heart rate ob-

R 7

tained within each problem period. Strong 51gn1F1cance can be
noted for problemb 31C and the unsolvable protlem (USP)

Table III contains the results of the ccmparlsan among

J,

dira

the control periods of SESSIONS T, II, and III. This analysis
of mean heartqraie from successive five minute periods in-
dicates significance for the comparison aof cnntfal SESSION 1
and contfﬁl SESSIDN'Iii The second comparison among the twao
sessions with heat stress-dcas not reach significance, It can
be concludzd that the heat stress was an effective and con-

sistent physioclagical stressor,
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TABLE T
PERSONAL REACTION SCHEDULE SCORES
Subject I: Motor =2 .
Object:= 7
Personal = 3
k-scals =" 10
Total = I2

0o

n

Subject 2: 'Mntur 8
Object = 3
Personal = 9
k-scale = I9

Total = 20
Subject 3: Motor = 6
) . Object = 2 NORMS: Motor - I10.96 # 4,17
Personal =‘2 - »Dbject - 9,16 + bL.23
k-spcale = 24 R Personal - II.03 + 4,30
Tatal = 10 K-scale. - 13.85 + 4.06
Subject 4: Motor = Ib Total . - 31.16 3 10.26
'  Object = II
Personal = 8
K-scale = I3
~ Total = 33
e
h D 2 . ¥ oss & Gal £




TABLE 11

22,

MEAN DIFFERENCES, STANDARD DEVIATION'OF THE DIFFERENCE BETWEEN
MEANS, NUMBER OF SUSBJECTS, AND: B MALUES OF MEAN HEART RATE FOR

CONTROL

VERGUS PROBLEM PERIEDS, |

Yoy
Wy d

Confrolf

- Control’

Control

Control

. Control

Control

_ Control.

let

I-3IA
'I-318

1I-31C

I1I-31D0 -6.08 1.96
I11-42 -3.58 2.09
II1-338 -4.56 - 2.93
111-USP 1.52

-1.17

~2.55
-8.94**

-3.10*
-1.71

-I1.56

o NART

' * significant beyond .05 level
#+ gignificant beyand .01 level

D




TABLE I11
MEAN DIFFERENCES, STANDARD DEVIATION OF THE DIFFERENCE BETWEEN
MEANS, NUMBZR OF SUWJECTS, AND t UALUESvGF MEAN HEART RATE FCR

CONTROL PERIODS, SESSION I, II, AAD III,

. s
%o My N t
Control 1 vs, -12.00 2,45 [A -4 ,90*
Control II S :
Control II vs. 2,25 1.93 4 1.17

Control III

gt o —

* Significant beyond .05 level
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Although all the data from the four subjects was scored,
analyzed, and graphed in order to derive the autonomic pro-
files, because of the bulk of this data only representative
findins are presented for each of the three sessions. A com-
plete set of graphs and tables for the profiles as well as the
curve fitting data was dane using an I8V II30 and 360 computers
and is available for inspection,

Figures I through I4 contain data for the problem periods
for each phg;iclogical measure. In each case, the data from
Subject one is presented. Inspection of the data anm all the
subjects revesled that a very consistent pattern of change
was present for all the conditions, In order to be parsimonious
and consistent, Subject one was chosen as representative of
the changes ohserved in all the subjects.

Figures I to 4 represent the change in heart rate faor eaﬁh
problem through the successive daily sessions,

Figures 5 to 8 present change in systeolie blaod pressure
For esch sroblem period for SESSIONS I, II, and III,

Figures 9 to I2 presant changes in toe blood volume for
each probiem, again through all three sessions.

Figure I3 presents graphically the change in blood volume
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in the calf for problems 3ID and 42 in SESSION III.

Figure I&4 presents the change in forehead blood volume for
problems 310 and 42 in SESSION III,

The consistent elevétion of heart rate and systolic blood
pressure through each problem period can be readily observed
in these figures. The toe is seen to be a consistent con-
strictor, whiie blood volumes in tﬁe calf and forehead do

not exhibit such consistent change.
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Figure 1. Subject 1: Heart rate change, Session 1, Problems
31 A and 31B.
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Figure 2, Subject 1: Heart rate change, Session ||, Problem
31C. :
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Figure 3, Subject 1: Heart rate change, Session |11, Problems 31D, 33A, and 42,
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Figure 4, Subject 1: Heart rate change, Session 111, Problem USP.
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Figure 5. Subject 1: Systolic pressure change, Session 1,
Problems 31A and 31B.
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Figure 9. Subject 1: Toe volume change, Session |, Problems
31A and 31B.
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Tahles IV, V, VI contain the results of the trend analysis
of the three blocks of time chosen from the control period- of
SESSION II. Each block contains gach physiological measure,
analyzed separately, for all the subjects for the thirty min-
ute segment studied, The F-ratios presented indicate the ab-
sence of any significant trend in heart rate and blaod volume;
whereas, the calf volume exhibits significant linear trends in
all three thiry minute segments., The forehead volume shows

significance only in the first block.
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TABLE Iv

- BLOCK ONE

TREND ANALYSIS OF CONTROL PERIOD, SESSION II, FOR ALL SUBJECTS
FOR EACH PHYSIOLOGICAL MEASURE. F RATICS PRESENTED.

PHYSIOLOGICAL MEASURE

TREND TOE_ CALF FRHD. HT. RT.
LINEAR } 001 32,99+ 13.68% .092
QuAap. | .o07 001 3,21 1.45
CUBIC .910 I.46 911 1.07
QUARTIC .700 .905 I1.70 230

* Significant beyand the .01 level




TABLE v

BLOCK Two

TREND ANALYSIS OF CONTROL PERIOD, SESSION II, FOR ALL SUBJECTS
FOR EACH PHYSIOLOGICAL MEASURE., F RATIOS PRESENTED.

PHYSIOLOGICAL MEASURE

THEND TOE __ CALF FRHD. HT. RT.
LINEAR .96L 13,78% 347 JLES
QuAD, 312 7.80 2.65 .292
cuslc 1.06 JII4 f959 ~1.33
14 I.04 " .855 1.49

QUARTIC

* Significant beyand the .01 level

39,




TABLE VI

BLOCK THREE

TREND ANALYSIS OF CONTROL PERIOD, SESSION II, FGR ALL SUBJECTS
FOR EACH PHYSIOLOGICAL MEASURE., F RATICS PRESENTED.

PHYSIOLOGICAL MEASURE

IREND TOE CALF FRHD. HT. RT.
LINEAR | .39 9,17+ | .539 .077
quad.  f r.ew 4.ss | .098 .005

CUBIC 1.07 01T I}éu 615

QarTIC | 1.87 . 1.54 .07 .00T

lzvel

* Significant heyénd the 0T

Lo,
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Tables VII, VIII, IX, X, and XI present the results of the
Least Sguares Polynomial fit for each physiological measure for
all the problem periods, SESSIONS I, II, and III, Presented
are the highest index of fit and the index value faor the second
degree, These values feflect the performance of a representative
subject and were abtained by analyzing for each problem the
baseline - problem ~ baseline change, The values reflect, there-
fore, the form of the best fitting equation or pattern of
change for each problem given. Inspection of the index values
‘reveals several close fits among the various physiological
heasuras,but no appérent over all cﬁnsistency.

Empty cells indicate that either not enbugh paints vere
availahle to obtain a fit or that the autonomic measure was

not fully monitored at that time,




TABLE yI171
HEART RATE

INDEX OF FIT FOR PROBLEM PERIODS, SUBJECT NUMBER ONE. BOTH THE '
BEST FIT OBTAINED AND THE SECOND DEGREE PRESENTED,. BEST FIT PRE-
SENTED FIRST AND DEGREE IDENTIFIED, WHEN QUADRATIC IS BEST FIT,

IT 1S PRESENTED ALONE.

ROBLEM __I/F
31IA .999 - 3°
. 787
318
.337
31IC
.625
31D | 548 - 1°
LL26
42 .369 - 3°
172
33A
74T
usP .795 - 3°
.720

L2,
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L3,
TABLE VIII

SYSTOLIC PRESSURE

INDEX OF FIT FOR PROBLEM PERIODS, SUBJECT NUMBER ONE. BOTH THE '
BEST FIT OBTAINED AND THE SECOND DEGREE PRESENTED, BEST FIT PRE-
SENTED FIRST AND DEGREE IDENTIFIED. WHEN QUADRATIC IS BEST FIT,

IT IS5 PRESENTED ALONE.

ROBLEM _IF
‘3IA
318
31C
TR
310
.333
42 125 - 1°
-.270
33A 470 - 3°
420
usP (
450




TABLE IX
TOE VOLUME

INDEX OF FIT FOR PROBLEM PERIODS, SUBJECT NUMBER GNE. BOTH THE '
BEST FIT OBTAINED AND THE SECOND DEGREE PRESENTED, BEST FIT PRE-
SENTED FIRST AND DEGREE IDENTIFIED. WHEN QUADRATIC IS BEST FIT,

IT IS PRESENTED ALORE. '

ROBLEM 1F
3IA
y:TAA
318 .880 - 3°
.365
31C
.884
310
.BE3
‘ 42 .930 - 3°
.720
33A .06 - 1°
-.02
usP 054
-.n2n




TABLE X
CALF VOLUME

INDEX OF FIT FOR PROBLEM PERIODS, SUBJECT NUMBER ONE. BOTH THE
BEST FIT OBTAINED AND THE SECOND DEGREE PRESENTED. BEST FIT PRE-
SENTED FIRST AND DEGREE IDENTIFIED. WHEN QUADRATIC IS BEST FIT,

1T IS PRESENTED ALGNE.

ROBLEM I/F
31IA
- 318
31C .507 - 1°
66
310 L4146 - 10
.éza
) 62 .979 - 1°
.976
33A
650
usP .501 - 3°
70
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TABLE XI
FOREHEAD VGLUME

INDEX OF FIT FOR PROBLEM PERIODS, SUBJECT MNUMBER ONE. BOTH THE

BEST FIT OBTAINED AND THE SECOND DEGREE PRESENTED. BEST FIT PRE-

SENTED FIRST AND DEGREE IDENTIFIED. WHEN QUADRATIC IS BEST FIT,
IT IS PRESENTED ALONE.

DBLEM IYF

31A _ .%80 - 3°
.S70
318 860 - 3°
850
3iC
.550
310
.I70
42
.250
33A
540
useP
L5




DISCUSSION

The results of the t tests presented in TABLE III clearly
indicate that in-relatiun to heart rate, the physiological
stressor, heat, was eFFective.in faising the baseline of auto-
nomic activity, Since the baseline SESSION II versus baseline
SESSION III means were not significantly different, it follows
that any day td day changes in rate weré minimal under heat
stress. On the other hand; since the control SESSION I versus
control SESSION II means were different beyond the .05 level,
the hesat stress unuid seem to be the causative factor. Hence
the problem periods will reflect physiological response to
cognitive activity both wnder "normal" and unusual" environ-
mental conditions. The conclusions drawn from the data there-
/Fore'will have some bearing on the theoretical model of
autonomic change proposed by Teichner (I968), lore immediately,
it ean bé concluded from this data that a meaningful physio-
logical chénga did oecur in response to the stressor, that
the heat did function as a stressar; and that this change

could be accurately monitored,
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The t tests of heart rate change during the problem periods
presented in TABLE II indicate that in terms of magnitude of
change that problems 3IC and the unsolvable problem (USP) pro-
voked the greatest amount of arousal, Althaugh.the emphasis
of this study is not directed toward significant differences,
this finding helps to direct one's attention to these prob-
lems and it will be seen that other data relative to these
two problems arevequally‘interesting. Mgre immedistely, it
would seem that problem 3IC provoked a large autonomic response
because of its position in time in SESSION .II. Eech subject
had been subjected fn about five hours of continuous heat
stress before the problem was given, hence it would seem logical
that not dnly were the subjects "on edge”" but that the prob-
lem functioned as a novel stimulus in the sense that it was
a chanée in the environment, Simply giving the sﬁbject some-
thihg to do was apparently sufficient to provoke a ﬁhange in
autonomic arousal,., That is, the mental activity involved in
the attempt to solve problem 3IC quite probably represented a
break in the tedium of this session, The subjects were nou
called upon to both focus their attention on a specific task

and fo‘expend energy in order to obtain the soclution to this
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problem, The focusing of attention and the mental acfivity are
inseparably bound together in one continuous process. The:
result of this process is the observed autonomic response.
Note that the trend analyses of heart rate in TASLES IV, V, and
VI indicate ng significant trend in rate during the periods,
blocks, préceeding problem 3IC, Since the degree of attentign
requiredlnf a task has been‘implicatad in the magnitude of
autonomic respdnsé, ‘almo (I966) and Lacey (I957), it readily
follows that 3IC was an adeqguate stimulus for arcusal and re-
guired an increase in attention and cognitive activity,

The-unsnlvable prublem, supérficially,‘uculd seem to be an
effective stressor simply because it was frustrating to the
subject. However, in view of ths relatively étable probilem
periods preceeding the USP - no significant change in heart
/rate due to problems 3ID, 33AR or 42 - it would apﬁear that
habituatibn of both physiological and cognitive respénse may
have been occuring during SESSION III, It has been pointed out
by Rimoldi et al., (I962) that training in problem sclving
results in greater efficien;y and the selecting of fewer gues-
tions to salVe a problem as long as they regquire similar

solutions. I believe that a physiological correlate of this




occured during SESSION IIT; namely, that the subject's initial
attention to the problem was great and hence maintained, then
with increasing efficiency and/or mere experiénce, arousal be-
gan to habituate. The USP would presumably present a new sit-
uation to the subject, a new "solution" is called for, end
hence a greater degree of attention would be necessay and fhis
in turn would be reflected in the physiological indices. It
would seem logical that as time passed the stress due to the
frustration encountered with the problem itself would becaome
effective and serve to maintain the levei of erousal, It must
be nufed‘that this conclusion is based on an analysis of mean
performances of contrcl‘period to oroblem period. It is not
claimed that the subject is immediately aware of the new sit-
uation, only that the overall effect for the USP period is
significantly different from its baseline conditibn. It seems
probéble that the subject woulc gradually become aware of the

changed situation, expend additionzl energy to cope with the

changed pattern as if he were approaching a novel task, persist

in his attempts even after the last logical guestion had been
asked, and then experience frustration when no solution could

be derived, Hence the tntal effect of the entire sequence

50,




would yield a significant degree of arcusal above baseline
cnnditions;

The autonomic profiles contain several interesting results,
Relative to heart rate and systolic bleood pressure, each prob-
lem invariably serves as a stimulué for acceleration of these
measures. The heart rate response to problem 42 in Figure 3
is a good example of the consistent pattern of acceleration at
the beginning of a problem and the decrease in rate with the
solution, Note also the generai pattern of response in the
toe volume, Figures 9 and II show consistent patterns of vaso-
constriction encountered in the periphery due to the problems.

The results pertaining to change in calf volume from the trend

5.

analysis and the autonomic profiles present an interesting sit-

uation as well, The enteries in TABLES IV, V, and VI show &
clear linear trend in calf volume while the other indices re-
maih stable., One possible explanation is that the tibial

artery is a major vessel and hence much larger relative to the

other areas monitored. Hence the time ccurse of thermoregulation

is revealed, The aother indices would regulate rapidly and
remain stabhle since no cognitive sctivity was being imposed

during the control period of SESSION IT, while the calf was
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still undergoing changes associated with temperature reculation.
Inspection of the auvtonomic graphé shows clearly, for example,
that the toe, heart rate, and systolic blood pressure do re-
act rather guickly to the problems; whereas, Figure I3 reveals
the gradual linear trend of change in calf volume,

In regard to the autonomic graphs, problem 3IC seems to pre-
sent an ideal case, Note in Figures 2 and 6 that heart rate
and systoiic blood‘pressure both rise. The systoiic pressure
is not asvlabile as the heart rate and therefore it requires
a longer time to reach its maximum level of arocusal. While
these indices are increasing, the toe volume is undergoing
a dramatic decrease, indicating a general vasoconstriction
of the periphery, Figure IO, This shunting of the blood serves
to partiaIIVIEXplain the rise in systolic pressure, the in-
crease iﬁ rate being another factor. Hence a cleaf total pet-
terﬁ of arousal may be observed. Since these changes occured
during a period of "above nermal" reactivity, they would
seem to refute Teichnmer's contention that a compensatory re-
versal in the autonomic system with cognitive activity should
occur, In relation to the USP,‘Figures 4 and I2 show eqgually

consistent changes in heart rate and toe pulse respactively;




although, the éystolic pressure, Figure 8, does not exhibit
such a clear trend it nevertheless maintalns an increased -
level, |

Does the notion of the inverted U—shapéd function hold
for the data? Teichnaf (1988) and others have maintained that
the U—shapéd function is dependent on the task. Simple iden-
tification tasks may not therefufa show decrements in perfor-
mance short of'very high leveis of arousal; whereas, more com-
plex tasks may show decrements at low activation levels, 2B B
though the preseﬁt study was not designed to systematicelly
menipulate task complexity, iﬁ’is possible to get some infor-
mation from the curve fitting data. In relation to heart rate
and systolic pressure it is evident in TABLES VII and VIII
that a guadratic ?ﬁnction does indeed vield the best fits
for problems 3IC and the USP, The toe pulse for pfablem 31C
yieids a Vary close fit although a linear equation would seem
to reduce the error more for tﬁe unsolvable praoblem (USP),

Note the strong linear trend for the calf pulse in prablem 3IC

53.

confirming the previous analysis., In conclusion therefore, since

problems 3IC and USP would seem to rate as "complex tasks",

the inverted U-shaped function is the most tenable description




of the present data. As previously discussed, the explanation
of this function would appear to involve both attentional and
cognitive mechanisms, |

As to the anxiety data presented ih TABLE I, it would seem
that in regard to this particular data, that the small size of
the sample severly limits any conclusions. Such tests should
be incorporated in studies of this kind, howevef, if only to
serve as a screening device for highly anxious and reactive

subjects.
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SUMMARY

An intensive analysis of the effects of cognitive activity,
with and without hest stress, was performed on a battery of
physiological measures in order to investigate the total pattern
of autonomic arousal. The interaction of the physiological meas-
ures during heat stress and cognitive activity was presentéd in
graphical form, and also discussed in relation to the U func-
tion hypothesis and a model of autonomic action proposed by
Teichner, A least squares curve fitting procedure and several
trend analyses were employed to analyze the data and to support
the conclusions drawn from it;‘namely, that the U shapgd re-
lationship is teneable, and autonomic compensatory reversal
does not appear to occur when cognitive activity is imposed

on a physiologically "aroused" subject.
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APPENDIX




PROBLEM 3IA

At Spencer High Schoel, the annual fall dance is about to

be held., A dance committee has been selected to make the neces-

sary arrangements, Both boys and girls are on the committee. A

part of the committee is to teke care of the fefreshments for

the eveninyg and ancther part uill look after the sale of the

tickets for the dance., The list of the girls on the dance com-

mittee involved in the sale of tickets has been lnét. From the

other information available, which you will find in the questions,

your object will be to discover the number of girls involved

in

the sale of tickets,

I,

9.

iG.

Is Spencer High School the only
co-educational school in the city?

How msny boys aré on the dance
committea? , ‘

How many boys attend Spencer?

Are there more girls than boys
at this school? :

How many'students on the deance
committee are assigned to
supplying the refreshments?

What is the total number of
students on the dance committee?

How much time would the committee
as a whole spend in preparation
for the daence?

How much time would the average
comnittes member contribute?

How many baoys on the committee are
involved in the sale of tickets?

How many girls sre on the refresh-
ment part of the dance committee?

Solution: 5

9.

10.

240 boys

Yes

Fourteen

Twenty-five

275 hours

Eleven hours
Six boys

Ten girls




 PROBLEM 318

We have a certain number of objects: M, a part of which, for
lack of a better name,,will he called C's., The C's are com-
posed of B's and G's. Each of this latter two types is divided
into R's and T's. From the other infaormation availahle which
you will find in the questiuﬁé,‘yoUr ob ject mili be to dis-
cover the number of G's that are also T's.

1. Are there C's that are not 8's and I. No
R's? : : -
2..H0u many B's are 0's7 ¥ fﬁirty
3. How many 8's are M's? 3. 120
4, How mzny C's.are R1s7 L. fhigﬁy-five
5. Are there more G's than 8'5 : : 5. Yes

amonyg the M's?

6. that is the value of k times the 6. 550
C's?

7. What is the total number of C's? 7. Fifty

8. How many B's that are C's are 8. Ten
also T's?

S, How many G's that are C's are g, Fifteen
also R's?

10, What is the value of k? I0. Eleven

Solution: 5




11,

PROBLEM 3IC

Rssume that X, A, b, P, anc 5 represent properties amang
F objects. Not X, not A, not D, and so on represent lack of
these properties, The not X's are composed of not A's and ﬁot
D's., Each of these lastter is divided into not P's and not S's.,
From the other informetion avallable, which you will find in
the questions, your object will be.ta discover thevnumber of

not D's that are also not 5's,

I. Are there not X's that are A's and D's? I. No
2. How many not A's are F's? ‘ . 2, 100

3. Are there more not D's than not A'S 3. Yes
among the F's?

« Fourteen

Q. How many not A's are not X's? 4
5. What is the total number of not X's? 5. Forty
6. Hﬁm many not X's-are not P's? 6. Twenty-four _'
7. Wwhat is the value of 1 times the 7. 44O
not X's? .
8, What is the value of 17 8. Eleven
9, How many not‘D's that are not X's 9. Twenty
are alsec not F's?
10, How many ﬁot A's that are not X'g ;D. Ten

are also not 5's?

Solution: &




. Iv,
PROBLEM 310

-From R pbjects L has been selected., These L objects are
divided into A's and B's, Each of these latter types is divided
into M's and N's, From the other information available, which
you Mill find in the questions, ypur‘pbject.will be to dis-

cover how many N's are also B's. L

I. Hou many A's are R's? : I. 4

2. What is the total number of L's? 2. E+F+H+I=P+Q=L

3, How many L's are M's? A 3. E+F=X

L. How many A's are L's? L, E+H=P

5. Are there more B's than A's among 5. Yes

'~ the R's?

6. Are there L's that are not B's 6. No

- and A's? '

7. How many B's that are L are 7. F .
alsg M? ‘

8. How many A's that are L are 8, H
also N7 . :

9, What is the value of K? 9. T

I0, what is the value of K times‘ 10, Z

the L's?

Solution: I




PROBLEM 33A

A drug store owner received different types

that have different prices., Some cost less

of magazines

than 25¢, scme

cost more than 25¢. You are to find out how many mystery mag-

azines cost more than 25¢.

I.

10,
11,

12,
I3,

What kinds of magazines does the
store receive? ,

Has the store more magazines ahout
mechanics than sports?

Has the store more magazines about
mechanics than mysteries? ‘

How many different prices do the
magazines have? ‘

What is the total number of mag-
azines which the store receives?

How many cost 25¢ or more?

How many mechanics magazines cost
less than 25¢7

Do all the spotts cost less than 25¢7

How many sports magazines and mechanics
cost less than 25¢7?

Do all the sports cost less than 25¢7
How many sports magazines are received?
How many mechanics are received?

How many mystery mag»zines are
r8591vpd7

10,
II.
12,
I3.

Mystery, sports,
mechanical

No
Yes
Th:ee-

Sikty

52

Five

No
Six

No
Thirty
Twenty

Ten




PROBLEM 42

This figure is composed of 24 areas, The numbers in the

areas are merely for the purpose of identifying a particular

area and have no bearing on the solution of the praoblam,

One of the areas has been selected, Vuur}task is to dis-

cover the selected area. You may discover this area by using

any of the questions you like to arrive at the ansuer.

.

I0

Is it above the unbroken curve line? I.
Does it have two curved lines as barders? 2.
Is it to the right of the vertical curve 3.
line? }

Does it have two continuous straight 4,
lires ans two broken lines as borders?

Does it have 2 broken straight line 5.
borders? ’

Does it have any combinations of 2 6.
broken and 2 curved sides? ‘

Is it below the dotted curve line? “7.
Does it have three continuous 8.
straight lines and one broken

straight line as borders?

Does it have a broken curve line as 5.
.a border?

. Does it have at least one continuous 10,

straight lime and two continuous
curved lines as borders?

Solution: 23

Nd
No

Yes
No
No
No
Nao
No
No

No

vI.




VII,

 PROBLEM 42




PROBLEM USP

We have 5fbertain'numb2f of ﬁﬁjécts,uxj5ﬁhich'are com-

posed of A's, B8's and C's. The A's have a3 somponents D's, E's,
and F's, The seme is true for the B's and G's; that is, they

have D's, E's, and F's as components. Your task is to find out

the number of F's that are alsu C's.

U M 9 o & W N
.

1o,
11,
12,

Are there more E's than F's?

I. No

How many F's are A's? 2. Eleven

Are there more B's than A's? " 3e No
What is the number of X's? L, 75

How many O's are also A's? 5. 8ix
that is the number of A's? 6. Twenty-five
How many D?sfand F's are C's? 7. Twenty-three
What is the number of HB's? 8. Tuenty-five
How many E's are there? 8. Twenty-tuwo
How many E's are C's? . 104 Two

How many E's are A's and L's? II. Ten

How many F's are 38's and ['s? 12, Fourteen

No Soclution

virgf
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