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INKTRODUCTION

Human palmar sweating and lts cccurrence during mental
activities has heen commonly obrerved, The question of differe
ential mental asctivity and changes in palmer swoatliny has also
besn pondered and attenpts huve boen rode to study ¢ .is poesia
ble relstionship,

Controlled experimentation on this quention ‘s had
1ittle success and the lack of coneclusive avidence can be
traced to the usages of the galvanie skin reslstance technique
as tlie measurs of palmar sweating rates, This technique
suffers from belng too sensitive snd simultanecusly responalve
to more than c¢ne autonomle nervous system zsctivity.

Pirect measuroments of sweating have been attempted
but the efforts have been unsuccessful dus to evaporation loas
and non-sontinuous recordings throughout the experimentsl
procedures,

Recently, 2 new apparatus wes ?eveloped that dstere
mined the sweat rate lndirectly by measuping the volume of alr
necessary to naintain a constsnt rclative Lumility within =
sensing element enclosure coverins a given portion of skin
surface during %..e testins rocciures, Thus, alr volume was
used as sn indircct meassure of sweatinz th-t ceccurred,

A prototype of thils Inatrument was coustructed and
employed in this present study to test the treory that palmar

aweating rates Iincrease ss mental activity inereases, Falmar
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sweating was determined in the manner previously described and
differential mental activity was eonsidered to have been
achioved as a function of esolving protlems of ineressing
difficulty.

This dissertation is divided intc three chapters,
Chapter I pressnts & brisefl review of the anatuomicsl and thysiow
loglesl studies of human swesting followad by the psycho-
physiologieal studies and instruments smployed, After this
review, a summary s&nd the hypothesls to be tested in ihis
study is presented, CLhapter II describes tle experimenbal
desipn, which includes the ssmple pepulation employed, tha
physical conditlons of the sxperiment, the paycholngiesl toul,
and the techmiques for data evaluation, Chapter III presents
the results of the inveatistion, a diseussion of them and

some suggestions for further reasarch,



CHAPTER 1
REVIDW QF THD LITURs g

This ehapter prosents a review of the experimental
studles of human swsating and lts ralotionship to activities
at the cortical level, The ssctiou-e are divided in *he
following manners Uection 1 prosents a Lri.f review of ile
anatomy and physiolegy of sweal landa, OSeetion 2 deseribos
the psychophyslolopical otudies and discusueg sovie of the
technlaues employed n tle Invostl ationa,., oection 3 is a
short susmary after wiich the Lypothesis to be tested in this

atudy is stated,
1. Anatomy and Physliolocy of 3weat (Glands,

Studies conduected by Kunsl and hls asapcletes on the
dlastribution of sweat lands in tl.e human body revealed that
the total number cf sweat glands varloed rom ‘wo to five
millianag and théy were most Jderase in the palmap areaB, eapo-

cially on the finger tipsh.

1 Yas Xuno, Hunan rYersoiraiion, Ihomas, Sprincficld,
1956, =vi-4lb pp.

2 !Eiﬂ,, P 66,
3 pid., p. 68,
ll» Ibid.__‘, P+« 1&5.
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Kuno claasifisd the human sweast glands into three
groupsss 1) the axillary apoorine slonds; 2) the eccrine
glends of the general body surface; and 3) the eccrine zlands
on the palms and soles, He labeled the ecorine slends,

"o .the thermal and the nental or e"atianﬁl...“é

» because of
the type of stimull that evoked t'ec sweating. He rtated:
Thermal sweating a:peers over the whole bedy
surface, with tic exception of tie pslms and solas,
Mental or emotional sweating usuelly appears
reatrictedly on the palms, coles a o axillse...'.
These {indin-s led te studies of %the physiolorical innepviiion
cf the two oreas,
ﬁothman@ pummarized many years of recearen on this
question and stated that, "The innervation of ecerine glands
although anatomierlly sympathetie, is phy=ioloically and
pharmacologieslly, "parssympathetic”, ..‘“9, and, "In contrast
to all other postganvliconle sympathetic ibers, which arce
adrenercie, sweat fibers liberets acetylcholine st their

sndinzs on stimulation..."lﬂ. Unfortunately, this exception

5 EELQJJ P 5k¢
6 Ipida, p. 98,

7 idem.

8 Stephen Rot wman,
Skin, Univeraibty of Chieago

9 Ib&&a' P 162-
10 Ibid,, p. 163,

R

hyeleleopy nind Diochemipbry <L iio
i) 1
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to the general rule of sutonomic innervation did not solve the
problem of the funetional differences botweon the "thermal®
end "mental” sweating, Investlisators then searched for the
explanatiocn in the contral rervous system control,

1 ateted tlst & center in the cersvral cortex

Funo
rostral to the center Cor thermal swesting controllsed the
palmar s-d solar swesting, The existerce of two centers in
the ecortex could account for ¢la Independence of ile two typos
of sweatinz, The view of separate centoeres apyesvred to be
sccaptnble o other resaara%mvnlz’l3’lh.

This brief dlscussior of tie anstomy »nd utyalolo vy
of sweat glands indieated that palmar sweating in bumens ls
complex but scems to be linked Iir some menner to astivity ot
the cortlesl level. Thisz aspect is raviewed in 'lie next

gseetion.,

11 Yas Km, QEI Giga, P 93"9':0

12 Harry J. Hurley Jr, and ilsrbert liescon, "Localiza=
tion of apacific Cheolinsaterase About “ecorine Sweat Glands of
Human Volsr qvin 1n Pro @@diﬂ?ﬂ ef tie “oclety for Exporie

13 Harry J. Hurley Jr, and ¥slter I, Shelley,
PAcquired Emotional Zweating in Transplarta in AM.A,
Arehives of Dermatolory, Vol. 75, 1957, p. 31)* 19

1L T.¥, Chalmers and .24 Feele, "The ‘lervonsg und
£

Chemical Contrel of Swesting", in Ile l.ritish Juurn41 3 Dermoe
m Fﬁbrﬂ&m, 1952, ﬂej E’ 601 6}4, p- L‘-B"/ il e
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2. Psychopliysiologleal Ztudies of uwman Jweabting,

In 1920, Ikauchils notlced that the palmar sweat glends
did not respond to s rise in room temporsture, A few years

&

later JHrgensen*® observed that palmar sweating ocourred when

gublect recd & book, experienced paln avd solved mental arithe
metic problemg. Five vears later Knaak&17 employed nental
arithmetic pretlema ac the ztlmull and disecover.d that palmar
and solar sweatins~ scted 88 a unit,
As 8 follow up to these Tindin o Huno conducted a
series of palmar swesbin, studies end conel. deds
Hental swaeating has no lutent period for itsg
onsaty 1t irrrediatelr attaing o certai rate of
secreotlon wiiech corrasponds to tle Intenglity of
the =z timuletion, remains gz lor~ as the igimulm%imn
lasts and suhalles st ovnece after it ends™¥,
Yhe conclusions thnt the latensy perdod was s.ort and gecroe
tion subsided soon after the s timulation was ended ssemed
justified., Unfortunately, experimental evidcnee to susisst
that the rate of asscretion corresponded to the inbternszity of

the s timulation was lacking, The data Indicated that the

oy

15 K, Ikeéuchi, (no reference), reported by Yas Kuno,

16 B, Jirgenasen, (no reference), reported by Yas Kuno,

Op. Cit,., pe 10L,

17 T. Kossiiz, (no reference), reported by Yes Kuno,

18 Yas Runc, QOp, 8l%,, r. 104,
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stimull were of similar intensity or similar difficulty.

19 attempted to demonstrate the same proposition

Sears
thet echanges in sweat retes varied with clanges in problem
difffeulty but measured the sweal rates by means of the
salvsnic skin resistence apparatus, Technical difficulties
of removing the sweet of previcus trials and scorins snalysis
negated his efforts to valldate z 1s hypothesla, However, he
did find thet addition problems of abrupt increase in comoleXe
ity were sccompanied by a large rise in smplitude deflcetions
as compared with the lmmedlately preceding probleon.

After he reviewed the studies of palmar swesting and
salvanic skin resistance messures, Darrow?’ concluded that,
"Any increase in preveiling alertness [...] 15 comonly accome

w2
1, and

panied by an ineresse in palmar secrebtory activity
further, "...in persons with intact nervous systems, palmay
sweating is comnonly associsted with activity &t & high
cortiecal 1eval“22. These concluslons and the partial findings

of Sears and Kuno indlcated that palmar sweatling is relet-d to

19 R. Sears, "Peyehopalvanic Resporges in Arithmetical
Work: Effect of Hzporizontal Changes ir \aﬂltlon in Archives
of Pavchology, Vol. XiIV, March, 1933, No. 153, 62 Ple

20 Chester W. Darrow, "Keurasl Mechanisms Controlling
the Palmer Galvanic akin Reflsx and Palmar oweatinb. A Conside
eration of Availstle Literaturs”, in Archives of iisurelopy and
Psychiatry, Vol, 37, lo. 3, ﬂarvh, 1937, De GL1=0b3e

21 Ibld,, p. 642,
22 Id%‘
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cognitive activities, Ilawever, the arestion of differential
sweating rates gnd inereases in mental activity, las rot teen
properly investigated,

Many of the problems encountered by past researchers
regarding this possibls relstionship way be trsced to the use
of the galvanle skin resistance response ans a measure of sweabte
ing retes, Darrowzs eriticized thls technique In hils siuly
comparing sweatliur~ rates and rszlvanle akin resistance ~ousures,
Ho found that at ! 1gh skin rezistar2es a small amount of
perapiration evoked a large gelvanonotor ctungey and at low
skin resistance resdincs, lar e inerenses in sWweatirs eflscted
small chenges in resiztance resdlr.z, ihose Jlundlngs seoucd
to indicete a ssrious deloct in the usage of the ¢ alvaniec akin
resistence .easures ss an inuicator of sweabting rates,

MeCleary2t, aftsr he reviewed the literature, objected
to the conclusions of past researchers who attributed the
galvanic skin resistance measurea, "...to sny specllic catow
gory of mental activity“as. He added Lhat the palvanic siin

reaslatance megsure is correlated to 8 reat crlient to sweat

23 Cheater %, Larrow, 'The 71 nilicancc o: the Gale
vanic Skin Response in the Lighﬁ of 1us Relatlor to Wuantitae-
tive Measurements of ers-irabion™, iu rgyehological Bullotin,
Vol, 31, ho. 9, Lovember, 1934, p. 697-090,

2li Robsrt A, McCleary, "Tre Lature of ii» Galvanice

Skin Response”, in iasvchologmical Bulletin, Jol, 47, lo. 2,

March, 1950, p. 97-117,
25 Ibida' pc g?ﬂ
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Jiand activity bub st lesst twe othar iporblant Tactors, . va-
cular and vascular activity eovld sinullanecusly be reaponse
ible for the raaporse, le also stnted tini, "...,the vari -
bility and hiyperssnpitivity of €lo respor ge Lz often {ar too
great to rive the kind of rasul’ls we ..csd {~r ~ood
Bx?@PiMﬂHtﬁ"gé. Lastly ho soreluded bhet tie unit of mons-
urement does not permit snalysis ol aisnificen® or rone
gienilioant meagares.

Some -~f the studles sglince llelliaryls roview hinve
attormpted bo lmprove the calvacsle »idin resiglance gyparabus
to =sagsur-~ € e sweabing roten of Indlvidusls pabl or U ov an
ingtrumsnt to mom Lter the rolsc drsetly,

Past attew tes to meacure € owertin: <tes v 1o
manner l.ave hed z2ome 8 ccess, ﬁnn927 descril-ed tlese muih.ds
in sreat deteil but feound tinbh rone cuonld ovornee tho Eif7ie
culiiez of eveporabion loas durlr 4Lv¢ testing nrocedures or
allow for g continuous ‘casurement of sceretion flevw O r u lie

s

out ¢ ¢ expsriments,

26 Idem,

27 Yoo Kumo, Op, Cik,, p. 355=381.
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The flrst apraratus to overcome b1 roa Jif"ieulvlos

-t
=)
=3

devized by Custance??»29 in 1960, 7llr avsten bypasved tio
problem of evaporatlior losz by measuring L~ sweating rato
indirectly and also allowed for s cortlnuous wcasurement
throughout the experimentsl -roccdure, The wuevice recopded
the amount of dry air nscessary bto meintain & constant
relative bumidity within a grid enclosure wiich covesred a
given portion of sxin surisce, The Tsvel of the rclative hue
midlty In the cnelosure wes continuc ely indlcated by means of
2 Yhoatstone Lxrid c. When Lhe relgiive cumldity In the
enclosure was changed Jdue to tle preserce of gweat, the
resistenee of the element wasg slso coanfod enc the “ridze

ey

became 1 belanced., The ipngl which rasulted {rom this ime
wvalance was used bo roeguicste tio fleow oo (ry alr sutomatically
in such a way bto resbtors Blo rlotlve humldily in the
enclosgure to its orlpinal levol, “ho flow of dry eir at any
moment would be uscd fto indicozte tre gsweatir- rate,

The development of this svst.m now allows lor the
testing of the theory that incrossss in mental activity are

related to palmar swesting rates,

28 A.C, Custmnce, A New Technique for ‘he Continuous
Megsurement and &gﬁgnat ¢ necord uweatinc Ratas, Delense
esearch Chemical lLaboratorlies, isport ipfonige Rew
search Board of Canads, Gttawa, July, 1960, iif-23 Phe
29 Canadisn Patent Ho, 633,692
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3+ Buvenary and Uypothesiz,

The survey of the literature has indicated that there
is ample evidence to esteblish thet palmar sweating is linked
to activity at the cortical level, S¢udiss were cited demone
strating that palmer swesting doos occur when subjects were
occuplied in ecognitive tesks, such as resding & book and solve
ing problema, When thease findin s are linked te the evidence
of a =meparabe esnter in the cortex for -almar sweatir, the
relationship between the two becomes strengthensd,

Two studies attempted to test e thoovy, 1mplicit in
their experiments, that irer sses in mental) activity are
related to palmar sweabing pstes, One investicontor employed
an instrument W ‘ch hed technical and scoring 4ifficulties
{rherent in its usage, and the other fall~d to demonatrate
differential problem difficulty levels, Therefore, the theory
has not bsen preperly investigated and 13 the purposs of thds
present sbtudy,

In this investigation palmar siwmoebing retos were dew
termined indirectly by measuring the volume of alr necessary
to maintain & constent relative raumidity within a -prid
enclosure duringe tle molving of problems, Differential mental
activity vira considered to be aechleved ns a funchbion of solWe
ing nroblems 0 inersesing difficulty.

The problem iz stated in tho form of the mull
hypothesisgs there are no sicnifieant & fferences betwasen the
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mean alr volume seores obbtalinod duriny the zolving of wotlema
of three <ilfieulby levels for mon aubjecuu,
The next ohapser is dovobed bo tie reporiing ol the

exparinental d eslgn of this study,



CHAPTER II
BAPERIMENTAL DSIEH

This chapter presents a desceripilon of the experi.
monbal design emploved in this Investl atlon, The secti-ns
are divided in the follswling menser: Ssctisn 1 dozepribon the
ssmple population, Section 2 1s devoitsd to the testing
conditions snd facilitiez of the experimental sltusilon,
5eetion 3 presents tLo psychologicel tool and its constyuction
procedures, Sectieon li describes the pasychéphysiological
ingtrunents and their operstion, Jecilon £ presonts the eXe
porimenial proecedures of the investigatlon, Yeetion & reporis
on the techniques for deta evelustlon, inoluding tho eistintie

cal formulas employed,
1. Sample Population,

The aubjects of this study were twanty»zwul men
greduate student wolunteers of thie School of Yaychology and
Zdueation, Univeraity of Cttawa, Thelr amos rsrged from 21
to 39 with 2 mean of 27,1 vears, All had some fasiliarity
with the psyehecloglcal tool employed in this investigation,

1 The records of three subjects were ineomplete op
invalid, One beceuse his thued wes too small in relatlon to
the grid housing opsnlng and the ollwr tweo Lecause of apperatus
component I'silures,


mailto:s@ctl~-.nft
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Wonmen wars not considered sa subicets for tils study
heecause of the unknown sffects oviendsd usase of couwtlics and
hand loticmeg may have had voon ooest ~land Dunctlorn™ng and tho

poszibility t.wolir eonbamiroting tle cenoir, clerort surfase,
2. Tosting Conditions snd Poolilitlcs,

The crperizent wes condustad in a elanrroor of an
untsed quiet wing of Lhe main admivistration building at Lie
Tniversity of Ottaws, The room wap converted to accommodate
the equipment and‘furmiﬁura reccssary o corduwct the axporie
mental procedures,

The furmiture wes arrenged to mininize Alstractlors,
In one corner of bl room & single bod with an ad'ustsbhble
headpreast a'¢ a tabls were placed azairgt a co—wn well, Yhon
the gubisct sat on the vod e facod & blmuk wall with Lin

back to the teble wvpon wiich ilhe gquipmnt wes rlacad, A

-

cheir was vosilicned so that the rxperisce-btor wan woatad
directly behind nul nhowvo %o supjectts Loft rarulder, 2th
this Tumlitues aprenpemont e o uld tnd-alaie $he aouipoent
and obuorve tre subjescts,

The room wes fliuninatoed by {lorescent 1ijhids and woll
ventilated, Ilis average toerature curdnyg L Lectins pro-
codures was 73.3 derroes with a vomo from T2 to 75 « Tle

average rolative humldlity was 43,3 per cent witl: ¢ ronge from

4O to 50
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3. The Paychological Tool.

Items from four subtests ol the Differsntial Aptitude
ngzgz hereaslter referred to as DAT were selected to represent

the three ALl{iculby levels, Tinze subionis vmror boirock
Hessonings Ponos Helatlonsy Mechanieal Hessonlors and Verbal
Bessonips. Forty iteus were cvt oub of the respechive test
booklets end pasted to plain wi-ite 5" x *" index cards,

The items were grouped 1n tte following wannert Itenm
nmber one of sach subtest was used pn & precties item Lo
introduee the subtest, The next three ltems, second, third,
and fourth, were lszbeled the Easy level. The middle three
itoma of esch subtest weyr considered to be tle Medium Aiffi-
culty category, The last three ltems of each subtest wers
ocalled the Ylard problems, Tie total teet of thiz axporiment
therefore corsigted of twelve liems In smeh of ithe throo

A4ifficuldy levels of lasy, Medium -nd Hard,

2 George K, Benmett, at %%, Differentisl Agtituﬁg
Tests, The Psychologlearl Corporation, Hew York, 1907,
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L, Paychophysiological Inatrumentso,
3

An gpparatus simllar to the one devigsed by Custance
was constructed to messure pelmar swoating rates., The rates
were determined indireetly by memssuring the volume of air
necessary to maintain g constent relstive humidity within a
grid enelosure which coversed a given pertion cf skin surflnce,
The levsl of relative humidity was continuously indicatcd by
means of a Wheatstone Bridpe, When ths relative humidity in
the enclosure wes changed due to the presence of molsture In
the form of sweat the resistance of the dement bhecame imbale-
anced, The signal which resulted from this imbalance was used
to regulate avtomabicelly the flow of dry air in such a way to
regtore the reletive humidity In the enclosurs to its original
lovel. The flow of dry alr was used to iniicate the swoating
rates,

A detailed descriptlon of the instmments are pressnte
ed in thrse subsections, Subsection A presents the organizgm
tion of the system to control the relativ: humidity in a
gensing element enclosure, “ubsection B conelders the opora-
tion of the device and Subsection C describes the comnonents

of the apparstus in deteil,

3 AC, Custance, A liow Technigue for the Conbtinuous

Measurement of and Automstic Kecording of oweabiny LALes,
ﬁe%ense nesserch ohomiceal Laboratories, Hepo't lo. 32;, G
fence Hemearch Bosrd of Canads, Uttawa, July, 1960, 111-73 pp.
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A, Relative Mmmidity Control in Ilemont Lnelosurc.

A mysioa was geb up to maintein s eonnbant value of
relative hwmidity (n a2 amall onclosure which was econstruched
1n such @ manner that part of one wall was formes by the zlhin
area of the right thumb., The basic orrcenlizabtion of the system
is illustrated in Pigure 1, page 16,

The essential partas snd thelr functiona are: A lamlde
ity sensing element to deteet chanies in relative humldity
whieh imeorporated a dgormparstor to provide an anpropriste oute
ptut Whan 5 change in relative tumidity cecurred, This

comparator is tte Wheatstone Tvwe Bridee Cineylt referrod to

previongly. The comarater ontput was raferrsd te as the
error gignsl, An amplifier electricnily arpllfled the error
gignal from the eemparator an’ applied the srmrlified zipnal
o u motor, The rotatien direstiow of tho v or dapended uoson
the phase angle of the error sipnal whieh i furn wars r-loted
to the sisrn change in relative ‘oreidity, The motor vvn used
to operate s regulating valve wrich was coupled teo thoe velve
by mepans of & cayr train, wiich inereased the torque and
redused the apesd of the motor, The resulintine valve cone
trolied the rete thet dry alr war svrnalied to the lonmidity
gensing eneclosure, Alr was suppllecd to the valve st a
constant pressurs by mesrs of a dlaphrarm pump. [iie2 air was

takean from ths room an? reeas’ throveh o dpvire towor Yoform

=3

entering the pump. Air %thast passed throuch the sursgor
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SYSTEM -+
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Figure 1

Schematic Diagram of Sweat Measurement System
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onclogure and accumilated wolisbture wee ervhaushnd to te room,
B, Operation of the Apparatus,

The apparatus wos inltisted 1L to opsrstlior by brlifw
Ing the brldge elireult o & null condition, Then a wmgll nde
Justment waaz =uade bto sneure that the awston wog always sceoliing
a balance at 8 value of prelative Lumidity alipghtly lowecyr $lan
the relative humidity of the dry =iy supply.

Any sweter mmtering thre sensin-~ encloours nause’ an
error signal of appropriste phase anrle and of 2 marnitude
related to the smount of wabtor vapor introduced, This errop
signal initiated the flow of dry eir through the enelosurc
until the presget null conditlion had boon attained,

A dovice to memgure the flow of dry alr to the senaing
unit was provided, This devies had s eleetrliesl ovtput which
was related vo the air flow rste, The relstionship of the
putput volts-e was debermined Ly metering alr thgawgh thoe Dlow
mesguring system by means of an aspirntor hotile,

The cutpubt woligge fron ile flow meusuring doviee uns
rogtgtersd on & strip chart recorder, Thiz Iinformmtion from
the recorder was ocrployed In the analysls of tlo mueating

rates,
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C. Deseription of Compenenta,

The components of the instruments arc described in
detall in this subsections

22&‘%¥§%2é£§ Senalin Blomentie-The btumidity sensing
slement manulactured by Photo=lrystals Inc,, Geneva, Illinols,
marketed by Allled Radio of Chicage, USA was used in the
experiment, The units used were type HA Nypropai.

Ihe Bridge C;gnﬁgﬁgnman‘unaqual arm AC brldge with
Wagner ground and 5 volts AC power supply was used, The
bridge output was fed %o a Cathode follower whielh was oneshalf
of a 12 AUT with the filament operzting st a reduce] curpent,

The %EyggggwﬁtunTh@ output from the Cathiode followor
wag fed t0 the =zocond half of the 12 AUT7. Tie veoltspe cainm

of this stage wns aboubt ten tlmes, A 12 AXT7 was used with

rid and plate limiting to glve furil. r gain and to drive a

16 type valve, R.C. courling wes used throughout, The ovors
all gein of the system wss adjusted by changing the Cathode
rosistor of the 6L6 valve, The galrn was adjusted by trial

and error until the amplifler output with a good brid e null
was just equal to the starting voltage of the servo motor,
Gain of the amplifier for & amall cignal was aeboub 50,000
times the motor,

e Motor:«--A Barber Coleman type DYAZ shaded pole
motoy wss used with & no losd speed of 3000 R,P.i.

G 7 tweThe gear train had 2 reduction of
12081 o 1s large ratio was necessary beccsuse of the alr
flow regulating wlve employed.

Valveie-d stendarc 1/2" Hoke

i

2 To glve smooth econtrol at low air

reedle valve
flow rates,

Tumptew-h small aquardum alr supply pump
) careful sdjustment of the pump capice
ity control was necaessary. The capaeity of the pump as
supplied wasz teo Eigh for the corkrel syctem and reogulation
was on an "en-off” basls under low air demand condibtiona,

Ine ng%gg cystems--i slags drying tower packel with
magnesium perchlorate was used,
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ten wos raee ie* 1th a %arram tai'e atrip chart rarardar
Ponry type 61 was used, Spesd of peper waz & m.u, par'seemnd.
ping Systomtewt therniater 1rid%a L B
guit was ) ‘ ; e theristers with a 200 o
potentiometer were ussd, Tro = Perence the.nlaskor was larahu
ed Iin g sacond hole d rilled ﬁ@ tle same diamotor ay the
paasawa sayrying the mencing: thrermirtor, WFridoe nuvvang wig
no air lewine was 30 ab, ?ua oard s of tls ‘Levmlctor Lui
was placeﬂ sercas u 5000 ohm p@tam*iqmatrr. The wiper uns
eonnected bo tho bese of a 2107 type trarsitor, lthe -uthut
of this aimple amplifier wes ﬂ@ﬂ%?ﬂll@ﬁ by moang of tho =600
ohm potentliemeter, ILincarity of the "3*tﬁm¥s”ﬂ atcquato,
The poetentiomeier usns aa;unteﬁ to zive f£o:r volts cubtpub at
one volt bridgs cutput,

« The Bxpsrimental Frocedures,

Prior to tecting, the tempersture and relsilve lLialde
ity were determined and written on tho cubjectls record capd,
The apparatus woes gwitched to O ard adjusted,

After these oporntions, the subjfoct wus ».corted lrte
tle teating arsn. Tl experin ubtor carrisd on genar 1 converw
sation for & few il=utez and then anked Ll suvblect &y ol un
the bed srd B0 . ahe Lol confortablo.

While the subject rests! In thile Losition, e
oxperimentor procroded Yo alown the subjrebtc rioht $lunad with
aloohol to remoeve any dixt or olls tlunt ni hi Liave bosn
present, After the aleohol eveporctod Lhe ~rid _ovsing was
placed on the whorl of the risht thwd anl sceurnl by tLroe
strips of adhesive tape, This  rocedurs i-surcd a st tlinary
positioning »f the ;rid ! -ausine threu-bout tle coperineontal

sltuantion and prevented air leska-c into the grid housing
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#gpening. Ivvine taning the rot foet wis gosursed bhore would
be no harmfal stiamll administersd throug ovt the proecdures,
He was told simply that he would solve & series of problems
gnd hlg sweating robten wers to be woritored,

As the operstlon of the anparstus wag prechee’ od, the

17

subiect reasd %' directicns of O a shtasts, MTon To o loted
them, the teasting situstion bvers with the rosding of the
instroectiongs "You are to solwe ‘rrty poo lims Curing this
tost, ton from cach of the subteets, Ire Plpst 7tem, a stmple
provlom, introduces the next nins itars whiah are frem the
same nabtesgt, You will hwvse one full ninute to zolrr oszch
problem, In other words, vo prollem canbe stariod until the
full ~inute “an elapsed, Jhen ~oun hove Lhe anawer, sav 1t oub
loud end 1 will write 1t on your record, Yhen you Lave given
me the answer hand me the cerd over your Lcft ghounlder and
ralax ontil I hand youw the next provliem, After a-cl. sariss
of three items vou shall hwave an oxtra minube Lo relax. lon
the subtest lu csrxrleted I shell sicral you so tlrt you ~my
mowe grovni, eourh @r elany wvour throat 10 vou 1.9 % noce
ssaary, ¥We stall them follow the -rme nrorsdures Tor thoe nexb
thres subtostyg, Are there amny aumestions?

The order of items followed the smme s~7ance as they
woers in the taes bookletz. (Lo sequente of lavels wes from

Rasy to Medium o Hard, The subtest orlepr was: Moo auic.
BHepsoning: Verbal Resgoning; Abstraet Heossonir-: and Spece
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Relationg.
During the test ldentifying warks were wade o1 tho pen

recording paper to Indicates the ~-re minute intervalsy the
noment the answer waz ~lveni the end of lovels; and the end of
subtests, Timing of the oms mirvie lrtervols wog gol foved by
meana of a one second eweop hard rtopwabeh,.

At ths eompleblion of tle crmeriment, the surpose of
the investigatlon was volumtesrs” to Yo ot foet ond he wam
ghowr hiz record, Frepsr ldentifyin~ rarks were nadse on tle
resord to faellitste sabteh n~ witl tho srower shieet at o

later time,
6. Tookndues tor Dats .valun ion,

Tre fata s-8lyzed in thig expesrimert were the sorrecH-
ing of the AT i1tems and the determination of the air wvolume
grpended during the solvivg of the vrotloma,

Correct snswers ~f the i{tems foy tro suttest wers
derived from the scorin; keys of ¢ DAT menusl, bLach ftem
was sgored either correct or Imcerrcet,

Totel inecorvoct freanencies wore tariinte” for eachs

41 rtoulty level of gubtertisy wnd J10ficulty lrvel rerardless

of avbiter~t, Tic Irequencicr woy -~conveirted to g pspec bo7e
of foilurs, Tre woouite of {lene spgceiur-g »o wrcaariued in

the next chapter,
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ALy wolume during preblem solving wsg deotermined in
the following marnner. 4 linear relstionship Lotween alir flow
and a given ares on ths recording paper was estol.lished,
Thus, sir volume wes dlirectly convertible from measvred arecas,

To arrive at this store, the plane area within a
polyzon sonstructed from the amovements of the tracer pom
dupring a spseified time veriod was monmured vith a compensgbe
ing polar plsnimﬂaﬁgh

The woapurement unlt of the ;lanimeter was & wornier
it which was directly relsted %6 square centimeters., Yhors
fore, conversicns from vernier unlts to arsas to alr volume
eould be made, B8ince nothing would be gained by mulsirlying
the original unit of measure by & constant, the v rnler umit
was maintained for eslculations. Tuis area of messured
fizures was ealled an aly volume ascore,

The limits of the figure on the recordins papsy were
the subjeetl!s b naal or reating level which when extended made
8 base line of six centimebars In length, snd the irrozulsr
1ine drawn by the pen as e funotion of the amound of air pa:oe
ing through the flow measuring systcom, Parallel vertical
1inos were <rawn at the one minute sarls to eircunseribe the

fipure,

§ Compensating Polar Planimeter L236M, Keuf sl and
Bsser Company, Hobeken, Neow Jersey,
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The lowest deflection of the pen during the resting
phases was considersd %o be a good sstimate of the bsasal
level, Thus, a measurse of sweating only during problom s0lve
ing, minus the resting rate, was achievsd,

speh flgure was neasured threc timesz with the plenis
meter and the average air volume s core was cploved as the
best eatimete of the sres, The next chapter reports ile
securacy of moasurement from the usage of fLhe planimeter,

After the ¢ 2loulation of air volunme s coron for every
figure, the scores of each subtect wars convertsd to stsidard
scores in order that the results of the subtests could Le
combined and compared. legative snlsns wors eliminated by
adding 500 to all atandsrd scores and -ultiplying ¢ om by 100 .
This made the moan air velunse score of esch subtest 500 and
the standard deviations 100 ,

Etatistical tests of significance of correlated groups
were undertsken betwesn the mean alr volume scores for esch
ttan within a 4ifficulty levol for the four subtests, oy
thls analysls each problem within a 4ifficulty level of the
separate subtests was considered to be of equal difficulty.

The procedure uwns to ecalculate the siymiflicsnce of
moan difforences bebweon Lhe oir volute scores of thw: first
and second itemsg the first and third itemas; and tic second

and third items, for each difficulty level on ench aubbtent,



EXPRRIMENTAL 16172 2l

The following formulas were uscl to debermine the

o
statistieal significanee of the means”:

pifre

¢
D

Wt o = =2 + o2 . or.&
S VLS T A

f

VET

and r = NEXY - (IX)(=Y)

VihzZ - @EO2lnee - (2X)2]

The eoeffliclents of correlstion “rom t'is snalysis

)

were gversged by rishor's gz technique™ to estimste the
internal relisbility of alr volums scorez, The recults of

these computations are sresented in the next chapter,

£ Lawrence~T, ayhaw, Hanucl de Ckstlotigue, Fdlélons
de 1tUniverszitéd 4'Cti-r, Ubtawn, 1558, —. 350,

6 I.P, 2ullford, ‘urdarcrigl Shetishles v - awelolosy

%%d Rduaatiog, 3rd Laitic w, FCaTaWed Ly eV T, Luob
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The next step wag the groupiiy of the Indivilual
seores according to the diflleulty lovels on eaech subteat,

The air volume scores of the three items within a Aifficulty
catogory on each subtesi were averaged, This calculation
resulted in eseh individual heving one 8 eors fopr eacl level
on eash subtsal,

The final grouping was the caleulation of the average
score for esach level, regardless of subtest, which resulted in
each subject having only three ascores, one lor each 4ifficulty
leval,

Btatintical tests cf sipnilicance ol correlated proups
were undeprtalen between the mean slr volume scorus of the
difrieulty lovels for each sublest srd also between the
difficulty levels, all asubtost corblned, The formulas dese
eribed previously were ndged in thisz anplysis,

The next chapter is davot<d to the presentstion and

discussion of the resultis,



CHAPTER IIX
RESULTS AND DISCUBSIOH

This chepber prezents the results of tlo uxpcrimental
proesdures and digcusses them, The sseblors are divided in
tiie Collowine mamners Lection 1 reports the accurncy of the
planimeter measuremonts, Seetion 2 Jeseribes tlhe rouped tabe
ulationa of inecorrsect freccemnsy vercentages «f tiw bost ltens
acoording to difficulty levels, Sccilon 3 iz dovoeted to the
conaistoncy of alr volume secores bolwson lionaz of $lo unve
ALrficulty level, Bection 4 presents the rasulis of th
gtabiatical tests conpering mesn alr volume seoren of the 2ilw
fleulty levels, Soction 5 discusses the rosulis, corsiders
gxplanationg to account for them, aud gugrestiong lop furtler

rossareh sre proposed,
1. Aecuracy of Planimeter :scosurements,

The accuracy of ares messuromants roq ususe of the
planimeter was deteruined in the fellowls ; manver, Ons Tipgure
frum the aample population records was closen and megsursd
one hundrod times, The rcan of Lese reasuroiorts was 99,0
vernier unlts with o range from 97 o 101 and a standard ervor

of the mean of G093
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2. Problem Difflculty Leval Analyalis,

The incorpect answer nerconbege tro . ulatic. s »f subae
test itonmn were pgrouped sccorcing to the three difficulty
levels &nd the results are presentei in Table I, vage 26,

Performance by the sample populedion Iindicated thst
thie percentepge of faillure for items bebtween ﬁi?fiwulty‘leva}&
incressed on the four aubtests, The coaparicon of subtests to

eagh other indicated that the Srace lelsrliorg subtest appeared

to be moro Gifliculd tlan the other trren,
1, Interna’l Cormsisterer of Ip Tolune Ueores,

The £ becte of correlate] ~reune wire caleitlate’ bow
twesn the mean ~'pr velume rcores - the Lterr wiithin a2 dif.
fioulty level for the foup =ulberts Do roatistiesl Jlfferences
were "ourd, ard the averasing of sir volume seorce within a
difriculty level u:cned jJustlfis.,

An ortli=qnte of the iv ernal relishility o sir volunw
gcores wre detomined By nveraging tie coefficlents of corree
lation obtained from the precedin.; anal sis, The procedures
degoribed in the »rvirus chrpter wore employed and the
avers;e cool Ciclent of correlstiorn between the alr voluve

oo

BEOra8 UHEE 00 o
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Table I,

Pareegt of “ﬁilurc for ‘I!hmes Diffiaulty Lemlsgnf Itema from

3,0 18,2 364

9.1 21.2 36.L
b5 15047 637
25.8 60.6 A7

Averaps ' ) )
Totals 10,8 2647 0.0
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b, Comparison of DAfLiculty lovels,

The t tests of simificanece tslweon 1o - ns of
corrolatoed groups, all subbosts combined and eacl sublest
separztely were ardertakon using bho formulas sbtabo’ in the
preceding ehaptor, Tiils data 2 rresent d in Talles I1 &t VI,
pa oz 30 to 3,

lio mean differences were found to bo statisticslly
sisnificant, However, the mean differencez in essl case, wlth
the exeeption of the reversal on MHedium and Hard on Abstract

Regsoning, Table II, page 30, were in tho predicted direction,
S+ Discussion,

The null hypothesin: $lerc e no sl nificant Jif-
ferances tobtween Lo meen air volwmo gooren ebisined Juring
the solving of probloms of throc <ifficulty lev.ls for ~on
sublectr, was not rojscted,

s eone usion nocasciintod an wnalyrls of tle
experimental yrocedures to dobtorming other the lack of gi e
nificonce ecould be abbpibuted Po seports of 1o exporimernt Ly
the ratiocunale »f it difPicully s lvero.scd sertal setivie,
Tlese .olnks wers nrouped into three su.sectionss A) The Llze
of tie Lample; B) Thlo laychophysisloglcel Apparatus; ard,

€) Diffieunlty Levels and Ineresses in Cortical Activity,
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Table 11.,»

Teats of the Mean ALy Velume Score ﬂiffarans@a Between Thiree
Jlffieulty Levels of Problems from Abgtpack Ressonlpa. N = 22,

Level M ' L r Diff oy &

Eaxy 90,0 76,33 16467

961 17.0 9.4 1.801
Modlom 5071@ 110 c@? m*&

Meditm 50740  110.87 .22

' “969 .5 6.3 L855
Hard 501 ‘5 95 c?}{- 20,90 g g

Easy L90,0 76433 16,67
Hard 5015 95.Th 20,90

.361 lln“ 5.77 14699
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Table I1I.-

ﬁ,Taata of the Mean 4ir Volums o cﬁe sifferarncus Eeluwcen Jhiee
1fflcu1ty Lavalﬂ @f Fr@hl&m& fwwﬁ Qﬁﬁg ﬁﬂ;gtiang. N = 22,

Lovel M o Ty r Diff o %

Easy h97.9 83,68 18.27

093- S 1 cg ? QBO 0113
Hadium 119849 93427 21,46 ; L

Medtum  L98.9  98.27  2L46 -
L* o 018 6.8 0.60 L7901

Hard 505.7 9% T2 21,55
Lasy L9749 33468 1042

L66 7.3 10.02 L121

Hard 505 .7 93,72 21455
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Table I’V.-

% Tests of the Mean Alr Volume Zcore Differences Between Three
irficulty Lavela of ?mbl@mg from W =22,

Level M o o 3 DifE d;) E

|
Egsy 19l .0 90.20 19.69
861 8.2 10,25 L300
Medium 502 .2 D668 17.923 ’
0958 - 6 '23 -
Hard 502,28 98,23 2145
Basy L9l O 90,20 1969

L0561 3.2 11,39 .720

Hard 503 e 96 s J 21 cll g
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Table V., -

% Teats of the Hean Alr Volume Ceore Differences .eitwesen llLree
i.t‘fiaulty Levels of Prouloms i‘mm W@W, ;.m& .

i Aot b 4 e ot e i A1 A, N o B et AR Sl it P A 1 o - b ke A 3~ PR A AT A b PVt I . AT TNV 45

Level K e 4 r DAL ¢ £

Dasy L88 o1 66,54 .53

596 17.1 20,09 051
"odfrm 24414 11h.47 2h 99 *

g4

\,
n)

Hodium 505,2 p A i ) 211 .99 )
' 962 3.2 T7.01 457

Hapd SQB ;l{. 16& 19 23,19
Fa L% 66,8 1,53 '

i * 599 20.3 10.90 1074
Hard 508 L 108,19 23.62
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Tahle Vi,«

Tests of the ¥Hean Alp wolums mm roe Differonces L otwoan JLres
from Al1 &ubtnﬂta CJouku 1B .

Level M o %y r pLre 5 E
Capy 190,7 T2.50 18,02 : : :

Y ‘ri 501 9 e :}’ - '7;:‘ ‘961 lﬂ .3 7.11 1.2_344-9
Jedivm . JARe ) 2 TS

Medium 501,0 95.0L 20,75

::ﬁsy l.;?@ .7 72 g_)w 12; .,83 - 3 .

P S0l o8 91.57  19.99 551 13,0 7.00 1.9T71
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A) The Size of the Dample,

The initisl questlon considercd wae whether an incresase
in the number »f aubjects would have facllitatod significant
differenecesz, Jrom a statlistlical noint of view this scomoed
plaunsible, Howsver, a trend enelysiz of Individual occores
revesled that aboni forty-Cive pep cent of Lie scores did nob
folleow the expected patbern of - ir velunc scores increasins ao
diffieulty of iltems ‘nereased,

Thersfore, a were incresse in the =2ize of Lhe sample,
if the same trond occurred, probably would mot result in
significant differences between the mean air volume scores

obtained during the zolving of problems of increasing difficuliy
B) The Psychophysiolo_iesl Apparatus,

Althorgh there were some cormonent Tallurecs of the
apparatur, thoe rejestion of its use to ronltor swoating does
not seem to be justified, Perlodlc checks indlcated that tlhe
instriment was eporabing properly.

The bigh reliability coellicients rotween nir volumo
scoras within difficulty levels zeomod o Irnlieabte thot the
moasurement of awveating rates with thiz tool was consiatent,
This {Inding also lends support to thu onropor functioning of

the mpparatusz during the bvesbing procedurvs,
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C) Difficulty Levels ond Inercasss in llontsl “etivity,

In thisg experiment items of increasing dlfficulty were
salected as mdquate stimull to ecvole r.ental activity incraases,
The review of the literaturs '‘ndicsted that this had been the
procodure empleoyed In the paet. In view of the oblained
regults, there are Hwo important questlons to be considered
regarding ¢l la assumption.

The first point iz whother the traditionsl method of
assossing ftem difficulty by corrsct or incorrect responsos
corresponds to the experdienced A1fficulty of he individusl
for specific provi.ms, The srcon’ ig vheiher e perlomed dlf-
ficuldy of probloms 1r itoell car L congildore” ac a sullie
elent condition to nveoke inepewsss In ronbal cetivity,

Prior to experimentation, the anzwer to oltinr would
have bocn pesibtive, as thero wore no definiie reasons bo
question the walldity of the arsurpblors, Vowever, during the
testing procecdures, vorious unrocorded wriformarce cboervie
tions were made wi.ich crst some doubt on the welidlty of the
assumptions,

One of the ovszervatiois wsg & pen asmplitude reduction
when some subjectc succeasively failed & seriss of roblems,
Thene individuals seeomed to exhibit a condition bost decceribed
as boredom or nor-invelvement, Thir l.enirencn sesmed to
indleate that the individuals cid rot -xzperiorce difficulty

with the problem bLoesuge ther way not " cve sttempted a asolution,
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Another cbservation wss the behavioral clarscteristics
of some individuals who successfully pespsd all the items.
High amplitudes of the pen werc obzerved during yrobleoms with
whichk they were highly invelved and recduction deflections
oeeurred when they scemed to arrive ab aclutiors in a mochanios
sl fashion,

Thenas cbservrtions did not seem ‘riortant Juring the
testing procedures and were not properly recordcoc, Viow.ovor,
they Indicasted ilat the theory of inereased contal actlivlity
and inereasos of palmar sweating should bo ctudied from ars.ther
peint of view,

Putupce experimental etudl. ¢ may be wore frultful i
the montol activity iz meesured direetly rather tlan omploving
the technique of this atudy, 4 mossure of menirl activity
might boe determined by monitorin: various sress o»f the cortex
with an ZEG btechnique. In this manrer, a dircet relationship
between quantitastive and regloval wentel activity xi bt be
eatablished with palmar sweabting.

If a relstliconship can be onbablisiwd, palunr sweabting
rates then mi it be used sz a criterion of mental activity.

It may then be possivlo to detsrmine whether individuals are
involved in tasks mnd possibly $o whot Jorroe,

Another arcn that should Do inveatisokrd iz 11 rulge
tionships bebtweoen palnar sweabting selivivy rnnd ollhier avtoncsie
measures to ¢chtermine if there sre qualltotive differs:cosg

betwesn Lham,
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This disserbation reported on an investicotion of iho
theory that differentisl mental activity is relsted to pelmar
sweating, Diffsrentisl montal setlivity wee considercd to be
achieved as a function of solving problems of incressing Jif-
ficulty. Pslmar swoabling was detemined indirectly by mezsupr-
ing the volume of alr necessary to maintein a constant relse
tive hunldity within s grid enclosurs during the s lving of
the problems,

The survey of the litersturs indlested ther. was ample
evidence to establish {'nt palmar svweating ig Ilinked to
activity at the cortical level, Two shudins worc prusented
which attomsted to test tlio tl-eory and reasons why they were
net suecossiul were degoaritoel,

Jmploving L bestes of sicmifllcaneco, the sreabing rites
of the sample —onulation obrairved duris: Sl colving of
problems of increasing Alflculty wore co parcd Ho test the
null uypothesis: "there arc ro cicnificant difforonces Lo-
tween the mean alr volume scores obitained durdng the solving
of problems of threc diffieulty levels for men subjec ta”,

The mull hypothesis was ot projected, ilo siznificant differw
ences were found betwsen the mean alr volune scorus cf the
three levels,

Threc agpects of the dosim wers c¢lascussed to accovnt

for the lack of obtained significance, The sample - opulation
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and the instrument to measure the sweating rabtes woere ret
congidered as primary factors to account fop the results, The
other aspect of considering items of inecressing difficulty to
be adequate stimull te ovoke mental activity incresses was
discussed at length,

Prom observaticns during the testing conditions the
agssumption that some items were sebtually belng experienced as
moyre difficult than others could mot be justified,

suggestions for further ressecrch employirs a mors
direct anproach to tho mensurement of mentsl setivity chancos

and the study of sweat rates in eonjunction with other autwpmmie

measurss were mades,
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ABSTRACT OF
Palmar Sweating snd Provlem Solving’

Past investigationa reveal that palmar sweating is
linked to cortical sctivity, Two studies attempted to tsat
the theory that Increascs in mentel asctivity is related to
palmar sweating rates but were not successful due to instru-
mentation and stimulus deficlencies,

In this study, differential mental activity was consid-
ered to be schleved a8 a function of solving problems of
inereaaing 41fficulty., Palmar sweating wae determined indirect-
1y by measuring the volume of alr necessary to maintaln e
constant relative humidity within a grid enclosure during the
solving of the problems,

The null hypotheosls: "there are no significant
differences between the mean a’r volume scorcs obtalned during
the solving of problems of three «lfficulty lovels for men
subjeets”, was not rejected, No slgnificent dif{erencss were
found betwsen the mean sir volume =c¢orcs of the three locvels,

Three elements of the desisn were ccisidered to sccount

for the lack of obtained significances, One, differentisl

1 Joseph D, Kovatech, doctoral thesis presonted to the
Sehool of Psychology and iuducation, University of Ottawa,
Ontarioc, 1963, viii.ly3 p,.
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mental aobtivity achieved as g funetion of i%em difflculty
inersases, was considered to be importanbd.

Ohasrvations during the btestling nroosdures indleatcd
that items ranked as vore 4ifficulé may nob Yave been oxperi-
enced Ly some zubleshte az sueh, Sone dividusla, alter
guccesaive falluress, did 1t scom o atbeort sclubions and
their swoating ratse diminizbhed, Gihors who succeszfully naso-
ad most of the ltome axhibiiod an Ircresse 1o sweabing with
problems thoy wore lnvolvor with and a fall in aweating whon
they arrived at solutious in o mechanical fashion,

Buzicstion proposed Tor futurs shuly wore to ro asure
montal ectlivity dirsetly with an IFG technique to determine
whether palmar swesting retes sre related to quantitative or
reglonal nenbal aelivity, snd also the rolationships of palmer
swesting to othy gutonconie MORBUTSS to detommine if qualitative

differsnces could ho establlshod,



