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EFFECTS ON HUMAN GASTRIC ACiD,OUTPUT OF
READING, RELAXATION TRAINING AND MAZE-SOLVING:
STUDIES USING TELEMETRIC MEASUREMENTS

Maxine Sigman }

Study I was designed to explore the effects of

.cognitive involvement on gastric acid output. Subjects had

two. sessions, one te compare the effects of re;ding with
those of a control period within the same session, and
;qother to study the gffects of relaxation exercises. The
latter was the ostensible purpose of the study in the sub-
jects' minds. An incomplete crossover design was utilized
to eliminate ahy possible temporal or habituation effects.

Subjects (N = 13) decreased mean acid output by 32 .2% while

, reading and 2.5% after relaxation exercises (N = 14). Fur-

* ther analysis of the data suggested that active cognitive

involvement may have been a contributing factor to the

decrease in acid output. Study II was designed to further

test this hypothesis. Six subjects each had one segssion to
r . ' .

compdre the effects on acid output-of a difficult maze-

-

sdl&ing task with a control period in,the same session.

Mean acid output .decreased 52.6% relative to the control

period, suggesting that the degree of cqgnitive involiement

'

was an important factor in the decrease of acid output in

the two st#gies.

~
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It was. speculated that these effects could have, been

due fo the inhibition of stressful cogni;ions during the

task periods or  to the decrease in parasympathetic vagal

' activity concomitant with the postulated sympathetically

’arqpsing nature of the task or both.

A modification of the Heidelber@ telemetry equipment
was described. It permitted‘a continuous measure of gastric
acid output throughout an. experimental sesgion, It was
relatively non-aversive to subjech and minihized‘the risk

1

of cephalic or gastric phase effects of acid{secretion due
. b
to the measuring technique. : \

'It is suggested that the implications\of"these
studies be explored'with suﬁjects under stress and in those

. \
suffering hyperacidity. The method developed to measure

|
. |
acid output as described in this thesjis is recqmmended for
: .
use in future psychological research. It could be a

valuable‘adjundt for behavioral approaches to lowering

, gastric acidity. .
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" GENERAL INTRODUCTION
R

THe particularyfocus of this thesis was to study the
effects of active cognitive involvement on the gastric acid
outpat of»heélthy human subjects. The effects of reading,

relaxation training and maze-solving on acid secretion were

examined. p )

L]
.

In previous experiments exploring the effects of bio-
i
feedback trajining and relaxation training on stomach acid,

it was observed that when subjeets—appeared to be involved

9

in interesting reading material or when they'were engrossed

@

,
in conversation with the experimenter, their acidity de-
cereased relative to ether periods in’the same session

(Sigman, Note 1). Throughout those studies there was a

Pl

~ :
suggestion of links between cognitive states and acid

secretion that merited systematic expiération. It was

/ :
J@hese observations that led to the development of the

4

cursent set of studies.
Study I explored the effects of reading and relaxa-

tion training on acid output; Study II explored effgcts of
r

i

maze-solving on ‘acidity.

As early as 1929, Darrow reviéweq a ﬁody éf research

<
"which demogstrated that stimull involving ideational or

-

cognitive activity, e.g. problem-solving, were associated

PERY
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witf; activation of the sympathetic nervous system. A
» »
variety of cognitive stimuli have since been reported ;\o
T ¢ ' -
effect differential changes in heart rate (esq. Kahneman,.-

Tursky, Shapiro & Crider, 1969; Adamowicz & Gibson, 1970;
‘ )

- i

Elliott, 1974) . Cannop (1934) wrote that extreme pleasure,
anger or fright effected heart rate increases. He described
3n instance when fear of a serious diﬂagnosis was associated

with an arterial pressure 33% higher than after the patient

was reassured that he was well. Paul (1969) has demonstrated
that heart.rate decreasves were associated with lower anxiety
diffe,rgntial scores after subjects per formed’ relajxati:on exer -
cises. Both heart“rate and sfomach acid s'ecret'i/«/:m are .
mediated through the autonomic nervous system. Are there
such links between the gut and the mind ppera;tiona‘li'zed be

cognitive or behavioral tasks or states? Would tasks such
- L]

as readingq,_maze-solving or relaxation exef‘\ises affect

N

gastric acid output? T

In order to answer these questions it was necessa%y to

have a method of measuring acid outfut that was ac.curate,
’ 3
non-aversive and not too physically intrusive. It was also

-~

L3

essential that the method allow for an on-going measure
j ) .

throughout an experimental session. Therefore, the first

G

A
task of this study was to develop a measuring technique,

. \ O . .
with these characteristics, one that would not in itseif

AW
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; © stimulate ai%ﬂ secr?tién. AR o ’
v o ‘ .
Secretion:of Acid by the sﬁgﬁégg‘. ' 4
Gésgric acid:secr;tion ;g,stiﬁulated in two major
phases--cephalic #nd g:sérié. - ’ .
The c;bhaliclphasé refers to the effects of psycho-
< . 1ogrﬁal influences or tﬁegsléht, smell an; taste qf food on

2 k'S IS

gastric.secrétion.' The stimulus acting oh ‘the brain is

mediated through the autonomic nervous system, in particular

i

the’ vagus nerve which is parasympathetic in activity

<

N K’—/p(Hiﬁ;ChOWitg,'1977)a Vagal stimulation has a direct effeét\
—

-~

on the acid-producing parietal cell. As well, it has an
<
indirect effect by ‘stimulating release of the\hormone gastrin
- a
which in turn stimulates the parietal cell to release acid

¢
I -

" (Walsh, 1973). M .

o~ w The second mqior phase of a@id secretion is the

) . ~r . v
gastric phase. This phase is initiated by stimuli arising
\

in the stomach such as food, alkalinization of stomach

s contents, or gastric distension. These fbcally stimu%ata.

the release of the/?ormone gastrin which enters the circu- ,

.
o

. .
lation and returns to stimulate 4¢he acid cells of the

. .stomach to release acid (Walsh, 1973).

S ' The present set of studies was concerned with t’sycho-=
« » -

- ¢ logi

ical influences on acidity, i.e. with the.cephalic phase
R ' S . \

?

. -
. ‘ - .
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- classical conditioning and biofeedback training on akid

o e v —r————tes ot s

& 4

of acid secretion. Therefore, the subjects who articipated

in these studies were fasting in order to minimize $astric

i
t
’

phase effects.

M o Agsgegging Acidit
Early methods of studying the cephalic phase of acid .
secretién as an iscolated phenomenon involved direct obser:
V&tl?ﬂ dsing human s%pjects or dogs with esaphageal and
gqstric fistulae (i.e. openings from the stomach to the skin),

e.g. Beaumont, 1833; Richet, 1878; Paylov, 1902; Gordon &
Chernya, 1940; Wolf & Wolff, 1943; Reichsman, Engle & Segal, \‘
1955, The effec?s of sham-feeding, sight or smell of food,

~and affectize statés were studied in this manner.

Presently, several other methods are available to —
assgks the-éegree of acidity in the stomach. Samples of
Jgastric juice may be aspirated through a swalloyed gastric
“tube and its pH (degree of acidity) and volume me#sured in

vitro. This method was used by Moore and Shenkenberg .

(1974) and Welgan (1974) in studies of the effects of

. .

secretion. The acid was withdrawn out of the tube and was
<

titrate§ with an alkaline substance to a specific pH end-

point, giving a measure of both the’volume and the concen-. f

tration of gastric juice over a specified period of time.
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This method did not give an on-going, continuous measure,

_however, as it was interrupted at intervals by the with-

) \
drawal of acid out of the tube.

A modification o; the Welgan (1974) method giving 2

continucus measure is to have subjects sw%llow a glass \
electrode wiFh a tube and to titrate within the stomach

with an alkali to a specific pH end-poinﬁ. itehead,

Renault and Goldiamond (1975) and Gorman (Note 2) used

-r

v

variations of this method in their studigs of operant con-

ditioning procedures and cephalic influences on acid secre-
tion resFectively. The methods involved infusing substan-
tial‘;ﬁounts of water or titrant intc the stomach which
cqul§ have stimulated gastric phase effects.

/ . Ahoéhe;lmethod which also allowed for a continuous
measure and which did not involve infuéioﬁ of &ither titrant

by .
or large amounts of water was used with a single subject in

ilot biofeedback study (Sigman, Nowlis & Borzone, Note 3).

/}"’
" However, the subject found that swallowing the tube and

retainiﬁg,it in place for 90 minutes was very uncomfortable.
It was felt that although the methoé was technically ade-

gquate, it was too intrusive and aversive to use in psycho-

logical studies.

A telemetric method was destribed in 1960 by Noller

3

(Note 4) whereby a capsule containing a small pH measﬁring

1] »

\

-
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cell -was swallowed. It continucusly transmitted pH values
“from the stomach tﬂrough a.belt antenna worn b& the subject
to a receiver where the results could be read off a panel
meter. This pH measuring cell was enclosed in an indigest-
ible plastic casing the size of a large antibiotic capsule
$20 x 7 mm). The equipment is known_ as the Heidelberg

-

Capsule telemetry system.

E ion Hejd erg System

Evaluations of the Heidelberg s&stem have been
carried out (Yﬁrbraugh, McAlhany, Cpoper & Weidner, 1969; ™
Andres & Bingham, 1970; Johannesson, Magnusson, Sfoberg &
Skov-Jensen, 1972) and the capsule method.was reported to
give results comparable to those obtained by the standard
aspiration technique. The_gﬂ/fé;pdqss‘to injection of
dilute acid or bicarbonate is immediéée and appropriate
(Watson & Paton, 1965). Connell and Waters (1964) reported
that the Heidelberg reaé&ngs and the pH recorded by a glass
electrode did not vary more than 0.5 pH unit. Our labora-

-

tory compared pH measures obtained by the Heidelberg unit
‘ AN

with those from a Metrohm Herisau glass electrode in two
~.
separate studies. In the first, the solu used initially

“ 3

was distilled water to which small amounts of HTUl acid were
|

%
added. The Pearson(gag?uct moment correlation,(gfﬁgfrzﬁh two

~ R/

“w




measures wiﬁ +:97. The seconé study started with a buffer
solution of pH 7 to which small amounts of HCl\were added,
resulting in r = +.99. These very high correlations indisJ
cate thaf the H;ide}berg unit is a viable toq@l for measufiné

gastric acid pH.

'The telemetering capsule was less aversive to swallow

-

oA o

compared to the "‘tube and glass electrode. Since;psycho—

logical or cephalic effects could possibly result simply

from the aversive nature of the non-telemetric methods - N

described above, the elimination of the discbmfort of such
1

intubation was an important advantage of the telemetric

system. Furthermore, this techniqﬁe involved less manipu-
lation of.thg stomach than did other methods of measuring -
acidity. This minimized gastric phase effects, allowing
for a better study of the cephalic phase of acid secretion
(Connell & Waters, 1964). '

In pfevious psychological experiments in this labéra-
tory using e telemetric procedure, surgical silk tﬂread
was tied to the capsule and the threaa was tethered to- the’
subject's ;hegk so that it would not leave .the stomach
during the course of the session (Sigman, Note 15. This -
allowed for a non-aversive, relatively non-intrusive, on-

4 9

going measure of gastric acid pH. The pH of most subjects

was in the range of 1-2, fepresenting a high degreenof
. .

b4

i




. a
¥

‘acidity. pH is tge iogariéhm of the regiprocal of the
hydrogen ion concehtration in a solution. A low pH'repre—
sents a large amount of acidity; a high pH, a much lesser .
aﬁount. Because of the logarithmic natu;e of pH measure-
ment, a large change in degree of acidity is reflected by
only a small change in pH when pH is in the 1-2 range.
Therefore, in some gessions in the previous experiments, a
podifiqation of Noller's method was used (Note 5). This
inyolved having subjects swallow a small but cons'tant amount.
of an alkali (5 ml 0.1N sodium bicarbonate) in order £o
bring the pH to a higher range (4-6) where suﬁséquent éhanéés
of acidity could more readily bevmgaéured. ,Thisqalkali was
éiﬁen in.single doses at particular times, e.g. pre- and
post-relaxation exercises or during some of the iéspructional
periods ‘of the biofeedback training sessiong, This moéifi-
cation of Noller's method gave a_measgré~of acid concentration

3

in the stomach at the moment of swallowing the alkaline sub--

L

stance and, fh addition, the rate of secretion during the

ensuing minutes. However, it did not permit a ¢ontinuous
I . - ] ‘ ‘

measure. throughoit a Session. For the purposes of the

current studiqs, it was necessary to develop a method of
. o . ." ﬁ‘ .
measuring ‘acid secretion continuously over a 90 minute session,

a method that would not intrude on the subject during his

various cognitive or behavioral. states. A'contingous method of

Jorwy
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measu;ing;acidity using”teiemetric equipment had been devised
by Stacher, Berner, Naske, Schuster, Starker and Schulze
(;976). Doses of alkaii were administered orally with a
syringe. it was felt. this method would Se too disturbing

to a subject who was reading, performing relaxa;;oﬁ exer-

cises or maze-scolving. For these reasons, it was necessary

to further modify the Heidelberg system.

) \
Modjificaticn of Heid erg System M A id Outpu

Acjd secretion in.the stomach can be measured by

o A e i

various technigues and reported in several ways (Davenport,

977). A readily understood measure of acid sec;;?ibn:usgd

in abhimal and ‘human studies (e.g. Badgeley, Spiro & Lemay,

desaiciitin o Lhatiue.

1969; Nezam 1971) is acid output, i.e. milliequivalents

of acid per liter (mEg/l) secreted over a given period of ]
time. .The measure is arrived at by observing the volume of

<
alkali of a known concentPation required to neutralize the

aé}d iﬁ the stomach to a specifié pH end-point, within a
‘designated period of time.
| In the present series of studies, instead of subjects
§Wa;lowing the caps&le tied to thread as in previous experi-
*k' ﬂ_ ménts;.vefy thin polyethylene tubing'was attached by'ghread '
to the capsule. 'K small hole was made at the side of the .
- ”‘tubing'near the capsule to allow titration of alkali into

-~
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_the_ stomach. The alkaline substance was infused into the
'other end of the twubing in constant small amounts (.5 ml)

by a syringe. The concentration of alkali used in this
study was equal to the amount that neutralizes an equivalent
amount of acid. One ml of molar potassium bicarbonate
(KHCO3) neutralizes 1 mEq acid. Therefore, the amount of
KHCO5 infused in a given time period gives the dependent

’

measure of acid output (Stacher et al.

A

of the tubing was not muchﬂyider

976) . The diameteg

an ghe thread which was
 used in previous studies. The tubing was flexible and did
not irritate the throat.

JIn pilot studies this method was reéorted by the same
supjects io be as non-aversive as the method used previously.
It gave a continuous measure of acid output throughout an

‘exéerimenta} session. It was relatively non-intrusive,
allowing subjects fg read, perform relaxation exercises or
solve a maze without disturbance. Thus, it meets the re-

/

guirements ‘outlined earlier.

R a £ e Dependent Measure--Acid O u
At fhe present time,.little is known about methods
of inhibiting a¢id outputlpther than through sympathetios

stimulation, pharmacological or surgical means. Sympathetic

stimulation causeg vasoconstriction and this is associated

-~

P
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with a decrease of secretion (Davenport, 1977). Pharmaco-
logically, acid can be neutralized by antacids or decreased
¢ .

by other drugs, e.g. Cimetidine (Hastings, Skillman,
. ) ~

Bushnell &‘%ilen, 1978) . Acid secretion can also be reduced

by selectively cutting the vagus nerve. This surgical pro- -

cedure, known as vagotomy, is recognized as a treatment to
prgvent the recurrence of peptic ulcer disease (Baron &
.Spencer, 1976). .

Gastric\acid output is of clinical importance since
much evidence (e.g. Menguy, 1966; Isenberg, i973; Eisenberg,
1977) suggesés that it plays an impoértant role in the ~
development of peptic ulcer disease. It is reported that
12% of men and 9% of women have been diagnosed as having a
étémach ulcer at some time in their life (Stur%syant &
Walsh, 1978). It would, therefore, seem potentially import-
ant to explore whether acid output can be decreased by
methods that are not pharmacological or surgical but rather -
through cognitive or behavioral means. In this regard, it -
was recognized that the effects of manipu;ations carried
out in this study may be different ip subjects who suffer
from ulcer-disease. The observation made in the previous
experiments, that involvement in reading seemed to be

associated with less acidity, occurred with healthy subjects.
4

As notsg earlier, the goal of those studies was to explore

”

W
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the effects of biofeedback training and of relaxation
training. Therefore, the effects of reading had not yet
been studied systematically, even in healthy subjects.

This was the primary purpo;e of Study I.

S i n_D aged Acid_ S tion

In several reported instances of acid inhibition, the
3

situations or influences described were frightening or over-

" whelmineand of an acute rather than chro§ic nature. Cannon

(1934) reported that acia was inhibited on two occasions
when a dog "flew into a great fury in: the presence of a cat."
This occurred even under renewed conditions of sham feeding
which, minutes earlier, had led to a flow of secretion.

Woif and Wolff (1943) studied a human subject with a gastric
fistula over a period of years. They noted that his acidit&
was inhibited when he was frightened ;>r overwhelmed # The
acid of monkeys in an acute fear situati&n in a sﬁbck
avoidance paradigm was observed to be inhibited (Polish,
Brady, Mason, Thach, Niemeck, 1962). Weiss (1977) cited

studies where acutely stressful conditions resulted in the

RN

inhibition of acid’ secretion in rats. These reported
instances Jf acidt}phibition were likely associated with
sympathetic stimulation in part as a result of fright.

Eichorn and Tracktir (1955) reported that the emotion "fear"

<2

~
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affected acid secretion differentially, depending on the -
subject's level of anxiety, i.e. highly anxious subjects .
increased acid secretibn when afraid in contrast to subjects

with low anxiety who decreased acidity. Thése subjeétsh
however,¥were under hypnosis wh;;h factor could havé inter- -

acted with the feared stimulus to confound the results.

Y In the paucity of reported human studies, other
factors that have been associated with hecreased acid

secretion are hypnosis itself (E%chofn & Tracktir, 1955),

mental arithmetic (Badgeley et al., 1969), music (Demling,

» -
i e DAL, b A 8 ks e o

Tzschoppe & Classen, 1970), and horning awakening from sf;ep
(¥00re & Englert, 1970; Hall, Orr & Stahl, 1327). Gorman
(Note 2) presented three subjects with warmed fresh ciﬁine
feces; this resulted in transitory inhibition of secretion

3

in two o%f them.

A K Dt MO AV B e,

It should be noted that hypnosis induét&qg has also
been reported to be associated with an abrupt rise in
acidity al‘ough not in volume of secretion (Luckhardt &

Johnston, 1924). : This sub;ect, however, had previously been

o

hypnotized and given a suggestion of food which may have

confounded the results. ™

- It is possible that the decrease in acid reported in

,

the music study may have been due not to the music itself,

bjt"rather because the music ° may haye been perceived by

AN




the subjects as noise since it was presented a; concert
hall intensity in the laboratory (Demling,gg al., 1970).
Gastric acid secfetion was measured during sleep and
wakefulness by Stacher, Presslich and Starker (1955)but the
measuring technique involved disturbing th; subjec¢ts to
swallow amounts of alkaline substance throughoutqpheﬂnight

which, in itself, could have affected acid output. The

short periods of-waking during the night were related to

v o
v

(3 4 ) e ! [} . L]
higher secretory:levels’in contrast to decreased acid in
X o
the morning.

Recently, some behavioral approaches to/phanging ’

levels of écidity have been reported. 'Two examples are

biofeedback éraining and relaxation training. Attempts to
modify acid secretion using operant conditioning procedures
have been made by Moore and Shegkenberg (1974); Welgan (1974);
Whitehead gt al, (1975); Gorman (Note 2); Sigman et g;;““
(Note 3).. They each tried to teach subjects to voluntarily
control their acid secretion while receiving feedback on |
the response. The studies lent some tentative support tQ
the concept that biofeedback training may enable subjects
to achieve a degree of control over their gastrid aciﬁity,
at least ;nder the feedback%conditicns. However, the

methods used to measure the acid and train the subjects

were aversive and not conducive to replication or widespread

°

!
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use. A previous experiment carried out by the present author
£, y

’ “ ! o
suggested that the telemetric eguipment, although not aver-
sive, may not be useful for biofeedback training for various

- . S~
technical reasons (Sigman, Note 1). Primarily, at the lower

P

pH level the resolution of the equipment was not fineAehoggh
to provide adequate feedback. It was useful, However, to
study the effects of ;;iaxation training on acid secretion

in that study (Note 1). The two subjects showed less acid

4

pre~ to post~ in both control (reéding) and relaxation
sessions but this decrease in.acid appeared to be a good
deal larger after the control (reading) period pgglative tol

before each of those conditions respectively. In fact,

v

subjécts were permitted to read before and after the re-

3

R . N 5 , o
laxation exercises as well, and did s© in some sessions.
<

Each subject had two sessions in each condition.

In the biéfeedback study, it was noted that when
subjects were reading .or involved in interesting conver- -
sation with the experimenter, less acid was‘presééi. -For
these reasE?s, the preééngjexperiment was designed to study

N,

the effects of reading on gastric acid output.

+

On an intuitive level, it would seem that if a sub-

L ]

ject were cogmitively involved in something of interest to

him,“he would not at the same time be able to dwell on -a
source of stress or worry in his life. Studies on humans
- . i
.

¢ ;
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have demonstrated acidity increases to be dssociated with

L

\ ..c
situations of chronic worry or t(anxiety, e.g. Hoelzel

¢

(1942) ; Mahl (1950); Heller, Levine, Sochler (1953); Shay,
Sun, Olin, Weiss (1958). One of the primary goals of this

; .
study was to learn if active cogni%ive,involvement, as' in
-4

A\l

readind, is associated with decreased acid secretion.

Rationale for Studying Effects of Relaxation Training

Previous studies suggested that the ‘acid response may

be sensitive to experimenter, subject and situation effects
N ]
(Sigman, Note 1). The effects of instructional sets on

gastric motility have already been demonstrated by,Sternbach

1(1964) . It is possible that if subjects had ‘known that tﬁe
purpose of the study was to measurg,the-effects of involveT
ment in reading on acid output, they may have held expec-
tations abodt these effects during those sessions. Those
expect;tions could have influenced gﬁé_acid respoﬁse.
Futthermore, subjects may have felt compelled to read during
the reading period. This‘%eeling of "having Lo read" may
ﬁave placed sope stress on Ehem, adding to the possibility
of affecting ﬁ”}d output. It was for these reasons thét fp
the aefggtisemlnéjizr subjects reque;ted participagion in a

study exploring "the effects of relaxation training on

gastric acid secretion (Appendix A). .Subjects were told.

J

i

)
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. that there would be'téj sessions, one in which the effects

// of relaggtion exercis would be measured, and the other, a

"controli\izfsiop. In fact, the "control" session included-

a reading period and was the primary focus of .the study for

the. experimenter. ‘Sgbjects were casually told to bring
reading material at the. time of their reminder phone call
the evening before their "Son£§olﬂﬂsession. The typé of
rgading material was ?urposely not specified.

Relaxation training was chosen as the fogus of the
) . )
study in the subjects' minds for several reasdns. .(l) It

-
*

was felt that subjects would be more inclined to;pérticipate

* in-.a study of this physiological response if they could
L4 .

learn something in exchange. (2) It is or could be made

known to subjects that the effects of relaxation exercises
7/ r
have been studied on other physiological responses. Sub-

jects would readily accept tﬁe notion that information on
the acid'respbﬁse would be Hesirable. (3) A review of the
' ‘litergture suggested that effects of relaxation egercises
on gastric acid output had not yet been systei;tically
. iigdied.oﬁ more“than tﬁettw§ subjects reported earlier w‘

(Sigman, Note'l). Relaxation training has frequently been

fra

suggesied as a technigue for alleviating anxiety, e.g.

¢ Jacobsor (1938); Paul (1969). As noted earlier, anxiety has
: }

been reported to be associated with increased acidity,

* - »
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e.g. Mahl (1950); Heller et al, (1953). It is thus of

interest to learn how the behavioral‘state of physical

e

relaxation affects gastric acid output. ‘
A gecond study was designed after the first to

*

learn jthe effects of involvement in a difficult cognitive

" .

task on the acid response. This will be discussed later.

subjects would be significantly less under reading conditions
than under control periods within the same session. This
hypothesis was based on :(a) observations from the previous

studies and (b) the intuition that cognitive involvement

in reading would preclude intrusion of worrisome thoughts

-
o

that may otherwise have increased acidity. .
2) It was expected that there would be a relation-
ship between subjects' reported interest in reading
material and decreased acid output.
3) It was hypothesi?bd that the mean acid output of
subjects would be unaffected by the relaxation‘exercises
when the post—eéercise period was dodbared to the Esptrol

period wiéhin the same session. This hypothesis was b%sed

on studies showing the effects of relaxation exercises to

\ include lowered sympathetic arousal as indicated by lowered

fx’
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heart rate and pulse pressure (Jacobson, 1938; Chinnian,

Nammalvar, Rao, 1975; Reinking & Kohl, 1975). The antago-

nistic interaction of the adrenergic and cholinergic sttems

¢

at the neurotransmitter level has been reported by Vizi
(1974). If relaxation exercises produce lowered sympathetic

arousal, some disinhibition of the parasympathetic system

L] '
could be expected. Since the cholinergic .vagus nerve is

baft of the parasympathetic system, this would leave it dis-
inhibited to act'on the acid-producing parietal cells. One

can speculate that while tjge relaxation exercises cancpro-
¢

duce relaxing cognitive effedts, as reported by Paul (1969),
these could be countered by the physiological response of
vagal disinhibition. One would then not expect to note a

significant decrease in acid after relaxation exerci‘s

compared to control conditions.

4) Because of the feportgd physiclogical effects of

: - )
‘relaxation exercises, and because of the possibility of

8,
¢
L

intrusion of stressful thoughts, it was not expected that .
0 kd Q
the mental and physical relaxation in the period following

the exercises indicated by the subjects' self-reports would

ri

be related to acid output.

™~
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METHOD

The “sub;iects were fifteen male volunteers
ranging in age from 16 to 28 years. None reported a hiétory.
of ulcer disease when askec;. Subjects were students either
at the university or pre-univer.isi ty level. They rgsponded

to an advertisement posted throughout the university. They

were paid $4 an hour for their participation. Subjects

“famted for 8 hours prior to each session and were instructed

-

to Yake no drugs for a 24-hour period before each session,

Apparatus

Acid output was studied by means of the He;.delbe;'g
telemetering eq—uipment Model No. HK-26630231 (Figure 1).
The equipment in;:luded a bgttery transmitter encapsulated
in an indigestible acrylic container 20 x 7 mm, weighing .
1.55 g. This pH measuring cell consists of an external
annular' antimony electrode and an internal silver chloride

—~

electrodé, the two separated by a semi-permeable membrane.

A belt antenna worn by the subject picked up signals from

3

* the capsule and transmitted them to a receiver, the pH meter.
E. 3 '

By prior calibration of the capsule in solutions of known pH,

the pH of an unknown solution was determined from the

A

- 20 -
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. frequency transmitted by the capéulng’ the frequency is

dependent on the woltage changes in the transmitter éaused
by changes in pH. The frequency change is about 16 kilo-

i

_  cycles pér second (KCPS) per pH uniit (Note 5). .

A new battery was activated by immersion in .9% saline

so‘lution just before each test. 'It was then calibrated in
buffer soluﬁon of pi 1 and 7. Buffers and rinse waters
were heated to body temperature 37° C. Silk th;'ead (4-0)
‘was ‘used to tether the capsule, to polgeéhyléne tubing
| (Silastic medical grade, bﬁ/ Dow Czarning éa;. No, 602-=135

HO010986). Inner diameter of the tubing was .05 cm; outer

diameter .09 cm. Approximately 167 cm of tubing was used

5y

for each subject, 57 cm from the capsule in the stomach to’

L4

a taped marker around the subject's )';:hin, and” 110 cm out-

I

side the subject's body (Figure 2). A small hole -

' ~
-~

]

(approximately .5 cm in length) was cut on one side of the
/ ’ .

tubing near the capsule. The outer end of the tubing,was

connected to a sterile hypodermic needle (22G1). The

needle screwed onto a disposa@.g 30 ml syringe with luer-

— ,(\’

7 lok tip. The syringe was filled with 25 ml molar
potassium bicarbonate (KHCO3). Before the tapsule was
‘swallowed, the.,tubing was filled with KHCO3. Once the

capsule and tubing were swallowed the syringe was taped to

.

-

e v g el T
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a taSle next to the pH meter. Signals emitted by the caé-
sule were received by the belt antenna, amplified, and fed into
thé attached pH meter ‘where they were continuously charted

by a pen recorder incorporated in the pH meter. Additionally,
another recording apparatus (Watanabe Servo-recorder SR6254)
was connected to the pH meter and reééived signals, This
second recording, in addition to amplifying the scale,
allowed for notes of subjects' behavior and statements to be

written by the experimenter alongside the pH.

Procedure and Design °

Prior to the first session, the experimenter met each

-~ ¢

subject in the laboratory and explained that the purpose of
the experiment was to study the effects of relaxation train-
ing on gastric acid output. He was told that effects on
other physiological systems had already been studied but '
that there were astyet no data on the acidity response.- The
quipment was explained to the subject. He was asked to
read and sign aiconsént form (Appendix B). He then sat in
a recliner chair and listened to a taped explanation of the
relaxation procedure (Behavior-Media-Relaxation-Exercises,
Note 6). Any questions he had were then answered. Muscle

f
tensing and relaxation instructions were given on tape at

) C e

that time in ordeikto assure the experimenter that £h

X

- e e e =l
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subjects understood and could accurately foll the instruc-
tions (Appen@ix C). Subjects were instructedoiz practise
t@e*exercises in their own hoames eight times before re-
turning to the laboratory; , Duration of practice was

twenty minutes daily. The time of day was left to the
subjects' preference. Appointments were made for two morn-

“Wpraiits
ing sessions. Subjects were told that one session was to

. v
measure the effects of doing the exercises in the laboratbry
and the other was a control session.’ in fact, the control
gsession included a reading period. Subjects received a
telephone call Shé'night before each session to confirm the
sessi®& and to remind them to fasy/ after midnight. If the
session the next day was to Bbe/a reading session, it was
suggested that the subject bring some reading material that
interested him as "there may be some time in the seséion
when you can read." The experimenter ;lways had the daily
newspager and other magazines/invcase a subject neglected
to bring reading material. ) |
Sessions were designed to last between seventy-five
and ninety minuté;: s;venty-five for the reading session
and ninety for the relaxatidn exercise session. It had
been decided in advance that each session would start with

a basal period of pH measurement lasting a minimum

éwelve minutes or until tﬁe pH returned to the end-point

'\ * 'l .
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of 3.5 after .5 ml KHCO3 had been infused into the stomach.
The ptf@was allowed to stabilize for 3-5 minutes after the
capsule was swallowed. A volumelof 0.5 ml KHCO, was then

infused through the tubing. If the pH returﬁéd to 3.5
befg’;re twelve minutes had elapsed, another .5 ml KHCO3 was

- i »
infused. Occasionally subjects wexe producing much acid

-

afnd required several infusions during‘ the basal period. The

control or experimental period started when the pH' returned

{
t

to 3.5 as long as a minimum of twelve minutes had passed,

after the capsule had k:;een swallowed. Tﬁus the basal period .
servéd twO purpoOses: one to allo\w a‘hy effects of swallowing

the capsule and tubing to subside, and the other, to ailow .
the same pH starting point for each subject.

The fength of time that a control, reading or post-
exercise period lasted varied somew’hat because it was
necessary that each period end and start at the pH-end-
point of .3.5. Generally, t?e periods lasted approximately
thirty min:utes. A mini.mum of a twenty-minute sample of
acid output+was required for-subjects in cont;rol, reading
or post-exercise periods./'}gain, the~faximum time depended
on how long it tbok for the pH to return to the end-point
of 3.5 after the twenty-minute minimum had elapsed. Ii}/the

case of one subject, there was outside interference that
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influenced the transmission of signals at the start of his
e

session. This necessitated prolonging his basal period to

thirty-seven minutes. It was decided at that time to accept

a shorter time sample for his control period prior to the

.
)

relaxation exercises in order not to unduly prolong his
session. 0
The expefimental procedure is described in Table 1.
-’

Each post-exercise period wa® preceded by the subject
performing the relaxagon exercises according to the instruc-
tions on the tape which&he had practised at home.

The study consisted of an incomplete crossover design
for twelve subjects. Table 1 shows the four poséible para-
digms ‘that a subject .could undergo. The first volunteer
got paradigm A, the second--B, the third-——-.c, the fourth--D,
the fifth--A, etc. It was designed in this way to counter-
balance any possible order effects between or within sesgions,
Neither temporal nor habituation effe:ts had been noted in "~
previous studies (e.g. Demlin; et al., 1970; \Sigman, Note 1) .

F;:llowing each sess‘ion. subjects were asked a stand-
ard series of questions by the experimenter (Appendix D).’

‘Of parti;:ular interest in the sgelf-report data were the
sul:;jects' reported degree of interest in their reading
- [

material and their mental and physical state following the

relaxation 'exercises.‘ Subjects were also asked about their
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mood in the other half of each session. In addition, they
were asked whether they were worried at any time about

swallowing the céglule,‘hOW the firs€ half of the session

»

-~ .
compared to éhe second half in terms of ease or any other

dimension on which they wished to comment. It was hopea

1

that if a subject were unde;éoing any particularly stresss
ful or exciting activity this would be reflected in his
answers to the ahove€ questions. .
The experime;ter‘réﬂorded behaviori exhibited by the .
subject guch as stretching or other body movements, rapid,
v/

page turning, closing a book, etc., in an attempt to

corroborate the subject's answers to the gquestionnaire.
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RESULTS | )

An individual's acid output has been shown to vary

f'roxp day to day (e.g. Whitehead et al,, 1975; Sigman, Note 1;

. ¢
Gorman, Note 2). It would not be meaningful, therefore, to

cémpar‘e the acidity of a subject on one day while he was
reading with his acidity on another day in the post-exercise

state. It is only meaningful to compare acid output qf
inﬁivid 1s w1th the same expexjimental session, i.é. ,

, l )

compare a € nﬁw\i\.\n an experimental period on the same
"day. | 8

However, before col'iapsiﬁg the data of all‘subjet:ts

across either reading sessions or relaxation sessions, it

was necessary to examine whether temporal effects existed

within sessions or whether habituation effects rgsulted

'

from the first to t;iue second session. Nailtwer temporal nor
habituation effects Qcould be examined using the ‘control :
period data because these data are confounded by the experi-
mental periods that preceded them. Therefore, in the read-
ing sessions, it was \decided to gearch for temporal effeéts
by comparing the reading periods follo;vin‘basal periods

with reading periods foliowing basal and control p'eriqu.
{

Habituatjon effects were explored by comparing the reading
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" data of subjects who had.reading sessions first with

" reading session.

31
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the
reading data of subjects who had their reading sessions

second. It was decided that if an analysis of variance

carried out on such reading data did not reveal signifi-
cant differences at a liberal alpha levé&, the readingy

and control periods of all subjects could then be collapsed

© .

and compared using a correlated t test. A similar approach

was takgnlwith the relaxation session data. . Acid.output

b4

data were based on mEq acid per(hour. .

There‘were technical problems involved in one of the .

<

two, sessions of two subjects--a reading session in the case

of one, and an 3;ercise session in the gase of the ofhg;\‘\—
: ! , TN\
(Appendix E). An attempt was made to replace these se;;;ons 1

by offering a third session to each of these subjects. The % BN

subject who was to repeat hls rfeading session could not

’ ~

swallow ‘the cagsuie that day due to a sore throat. In the

case of tlg sub-j'eci: who was repeating his exércise session,
technical problems again necessitated deletind the session
from the experimént.’ It was decided not to offer a fourth

. ) - .
session to these subjects although they offered themselves
P S
for same. A third subject, age sixteen, was unable to
N ,

<
secure his parent's signature for his second sess;gg, a

v

These three subjects were replaced to

k]

cémply with the original design of the study.
K Fl

=

e . .
3




B e A W S e, = b

»

»

™
Rea R

Ana%ysié of variance on the reading periods between

" and within sessions revealed no significant differences even

at the .18 alﬁha level (Table 2). This suggested that it :f\>
made no difference ¥€ the reading was done in the £irst ‘or \\\‘

second session regardless of whether it preceded or followed

-~

the confrol period.

)

fects were revealed (within

Begfuée no‘temporal\
session;) ;nd no habituafiog effects were revealed (between
qéf:ionsi} it g?s decided to collapse the da;a and, as well,
to add the data of the extra subject. The mean %cid output

for the thirteen subjects in the control period was 1ll.2 mEq

\

per hour cbmpared to 7.54 mEq per hour in the reading con- ,
’ -
dition (Figure 3).

S

A 2-tailed correlated t test comparing the mean

acid output during the reading and control perioqé

3

approached significance, t (12) = 2.162, p < .0515. It
. -

was felt that if this differepce were not due to chance N

it could have been due to either the effect of inhibition

of acid release during reading or to some rebound pheno-

»

menon following reading in the control period. It was

- -

important to explore if there were significantly more
acid output in the control periods that followed, compared

to those that preceded the reading condition. If so, a

- | ) . O\

rebound effect could be contributing to the difference .
*

>
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Rows (sessions)
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Columns (periods)

Rx C
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69.84 69.84
96.96 96.96
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MEAN ACID OUTPUT
(mEq/hr £ SEM)

Figure 3.
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control and reading. ' -
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demonstrated in the two conditions. Therefore, a Lt test was
performed comparing the differences in mean acid Qutput be-

-
tween the control and reading periods of the seven g;%?ects
who had ‘their control period first, with the diffafences of
the six subjects whose conérol period followed the reading.

No significaht difference was noted at the liberal .2 alpha

level (t(1ll) = .23). Thisggﬁggested that the difference

between control and reading conditions ‘was due to the inhibi-

_tory effect of reading on'acid output rather than to a

possible rebound phenomenon in a cortrol period.

The individual data are presernted graphically in
Appendix F. )

Nine of the thirteen subjects decreased acid output
during reading periods. The self—repért reading period data
révealed that twelve subjecdd were either mildly or very
interested in what 4hey were aféding. Eight of those twelve
decreased acid. The ninth subject whose acid decreased H
while reading reported he was bored with his book and, in
fact, closed it béfore his pH feturned tQ.3.5. He was
given more reading material which he read.

A Chi square { X% test with Yates cbnt%nuity cor-

rection, berformed‘to see if there was a relationship be~

a

¢
tween reported 'interest in reading and decrease in acid, was

not significant (2.26, 1 4f). - ' p

04}
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Egg;gigg Results

Analysis of variance performed on the post-~relaxation
exercise periods between and within sessions revealed no
significant differénces aé the .8 alpha level (Table 3).
This suggested, as in the reading experiment, that it made

. '
no difference if the post-~exercise period was held in the

first or second session regardless of whethe; it preceded or
followed the control period;

Because no temporal effects were revealed within
sessions wnd no habituation effects were noted between
sessions on th;;e twelve subjects in the original desfgn,
it was decided to collapge the data aqg,)as well, to a@d the
data of the extra two subjects. Mean acid output for‘iﬁe

fourteen subjects was 5.47 in the control period compared to

5.33 in the post-exercise period. A two-tailed correlated

t test comparing the mean acid output during these periods

revealed no-significant differences, t(l3) = .783

-

(Figure 4). A

g
The individual dataare presented in Appendix G.
éight subjects increased 'and six decreased acid output
following the relaxation exercises.

~

A X *test, performed to determine if there were a

'relationship between reported mental relaxation and de-«

creased acid output following the performance:of the




Rows (sessions)

Columns (periods)

*Rx C




S

Ui e 7 < Nece

o

ey \ ' -7
k1 )
L O \“
12 ~
5 10} '
=3 '
=2 1w 8
‘53 (7>
a H 6
o= -°I-
< > : 1
o
Z w 4
< E- ! )
[V N} -
% 2 ~
CONTROL EXERCISE
~ . ¥ '
Pigure 4. Mean acid‘ouight (mEq/hr ¥ SEM) in

\

£

control and post-relaxation
exercise conditions. '
, !

\
i

E
o

ey




o s

[

et e e

R

3

exercises, revealed no significance (1.5, 1 df). A X?test
- Al

to search for a relationship between reported physical re-

°

laxation and decreased acid output following the exercises

was also not significant (.44, 1 df).
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DISCUSSION

4

L]
It was bypothesize' that the mean acid output of .

subjects would be less when they were reading compared to

Al

control conditions within the same session. If the results

of this study do not reflect a chance finding, they may

support that hypothesis. Subjects produced a mean of 48 8%
more acid in the control period compared to thé mean acid
output while they were reading. @

It was further expected that if subjects reported
interest in their feading, *his would be associated with a
decrease in acid output. The *statistical analysis of these
data does not support a relationship between reported inter-

est in reading and decreased acid. Other factors that may

1
d \

be relevant tojtﬁé rejection of this hypothesis will be dis;
cussed recognizing that they are clinifal observations that
were not systematically gathered.

The experimenter had assumed that a repcrted interesf

‘ .

in reading would imply a degree of active cognitive involve-
ment on the part of ﬁubjecté and that this would be the key
factor associated ugih decreased'acidity. Although twelve
of the thirteen subjdtts ¥eported mild or much interest in
their reading, obsé;Qations of these twelve subjects did not

always corrcborate their self-report. In the case of one

subject who reported much interest in his book, he was

k)

"'40— . N
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observed to haveyput his book away before his pH returned
[ 3

to the end-point 3.5, i.e. before the end of his reading

period.-. This suggested that he may not have been as ip-

teresféa as he had reported. A second subject was obsefved

to be either very involved or very tense and physically

~~restless at different times during his reading period.

However, he simply reported that he had been very intergsted
&«

in his reading. &2 third subject who reported that he had

been very interested in his reading appeared indeed to be so

involved. However, this subject was seen within an hour

v
after the session rushing along the street returning to the

©

university. He said, in passing, that he had to change his

~clothes for his impending graduation th!éfafternoon,~a fact

he had not mentioned to the experimenter earlier. It is

possible that he had been feeling the pressure of time and

had perhaps not begn fully concentrating during his reading
period. This period had occurred in the. latter portion of
#iis session. His acid increased tc almost double during
that period. These observations suggest tge péséipility

that the guestionnaire may not have been adequate to elicit

the necessary information. Further questioning may have

resulted in more accurate information with regard to the -

)

degree of active cognitive Tnvolvement that the subject was

o

» . Cs
experiencing in his reading material. It may have been
o )

L
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g itfportant to have asked the’subject, for' example, if his

n

mind had wandered during the period in which he was reading

‘ e

and, if%so, to which areal. Subjects were asked only one / _
question about the reading because it was' felt that if more-

?

emphasis had been placed on this part of the study, they

may have suspected that this was in fact the area of the
Ve
researcher's interest. Because of the possibility of sub-

.
jects within the same university speaking with each other
about the study, the focus on the effects of relaxation

exercises was maintained both in the questionnaire and in

any conversation held with the subject before or after the

L

- Sessions.

Perhaps as important as the reported or actual degree
of interest in the reading period is what the subjects were
doing or thinking during the control period. In the case of

two subjects whose acid.did not decrease during their read-

™

o

ing pefigg; itlappea:s from their self-report that they were
. ' I - . ¢
equally or more cognitively involved during their control

periocd. One subject, a music student, reported that he had
’ . L
been composing tunes during his control period. His fingers’'

were observed to be moving as’if playing a piano during that

" time. The other subject, a psycholoéilstudent, reported 1

that he had “"used the silence of the’period to play with .

”

(his) pefception.“ His hands were also observed to be

A

3
~
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moving. His eyes followed these movements as if he were
i

-

figuring out angles or indeed "playing with his perception."”

: |
The observations corroboratiif&g; self-reports of the '
4

>

above two subjects' control periods. These were associated

with decreased acid. Most of the subjects whose self-%}

i
reports confirmed their ‘demonstrated involvement in reading

also decreasedracidity. This suggests that active cognitive
’ ’ % AN
involvement rather than "looking at words" or reading per se

may be the factor leadiﬂg to the decrease i;\secretioﬁ.
v, The third hypothesis stated that the mean acid output
would be unaffected by the relaxation exercises when the
control periods would be compared with the post-exercise
periods. This was supported by the data as there was ;;’
significant differencz’in the acid of the two perjods. Six
subjects decreésed acid in the p?st-exercise period while
,e;ght subjects inageased aéid. Any changes in ac¢id output )
were not significantly xelated either to the degree of
pﬁysical relaxat@gn or mental relaxation repg;Eed by the
subjects as prediééed by t;e fourth hypothesis.n:It is
interesting to note, ho&ever, that three of the four sub-

jects whose acid inereased iﬁ the post-exercise period by
more than 3 mEq per hour (which represented a doubling of
acidity) also indicated that they were not mentally relaxed

at that time. The fourth subject appeared vigilant and
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said "time was going slower" coépared to his control period
when "time went fast." One of the three reported he had
o - been thinking of "relationship problems." Tﬁe oihéi two
were not more specific in their reports othei than, to say
that they wefe'ﬂot mentally relaxed. All four, reported
’ L . feeling physically relaxed in the post-exercise period. - oo
The only subject whosé_acid increased more than i
3 mEg per hour in the controi period was l:;king at his d
watch throughout that period which was in‘the latter portion ™
of his session. As noted earlier, studies have linked non- -

KN\\~\,~’T\?cute'3ﬁiiety with ificreased acid secretion (e.g. Mahl, 1950:

Heller et al., 1953). Perhaps some form of non-acute
. [ : '
anxiety was experienced by those four subjegts whose in-

creased ac;d was associWmted with iﬁgicatibns that they were
aﬁot menéally relaxed.

Davidspﬁ/;nd Schwartz (197é) discuss relaxation on-. j
two dimensions--the cognitive/som;tic dimension and the ' - ;

. activity/passivity dimension. The progressive relaxation

* -

exercises themselves involved both active and péssive ;
v ~ . ¥

elements and primarily somatic rather than &ognitive

L3

elements. The post-exercise period, during which acidity
¥ was measured and compﬁ}ed to the control period, likely ot

involved Yowered somatic activity. Eleven of the fourteen ¥
7 . ( E:

subjects reported physical relaxation. It is interesting




that ;nly one-half the subjects reported feeling meqtally

) rela;ced‘ during the‘thirty\;&inutes following the exercises.
Davidson and Schwaartz‘él976) suggest that the reduction in
somatic activity seen after deep (i\»muscle relaxation may lead
to an inctease in spontaneous thoti“gb/-?sl. A?' some of B‘xe sub-

jectsﬁ in this study have indicate’df‘ hese thoughts need not

: \
be relaxing ‘ones. This may have played some role in the
\ ~
increase in acid secretion. However, as \goted above, the
' ; N #
se€lf-reports of“mental relaxation dn the questionnaire were

not significantly ¥elated overall to the cha}hges in acid
. f”’ - \
output. ‘ S~ ) ‘ \'

An add:.t:.onal factor that ‘may be mportknt is that .

.+ decreased somat:,_.c "activity pFobably i‘nvolved om& decrease

$/

in sympathetid- arousal (Jacobson, 1938‘; Paul, 1%69; Reinking

-

& Kohl, 1975; Fey & }indholm, 1978). “The dectease in .
’ 2\

. sympathetic activity codld be agsociated with increased
parasympathetic activity (B’enson, Beary & Carol, 197@4),

hegpce more acid. This physiological effect could have

L2

countered any of the relaxing rognitive effects some of the

—

. . ‘
» subjects may *have eherienced from the lowered somdtic

e

v activity. Attempts had been made in. pilot work prior to

 this study to measure the pulse pressure of subjects furx.ng

the sessions in an attempt to replicate the fihding that

relaxation exercises result in decreased sympathetic a(tivity.

3

. ;
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.}"Eleven of fourteen subjects’ reported feeling physically re-

- forming relaxation exercises.

[ 46
. "\H,)
Thé additional equipment necessary to do this, however,

r
!

interfered to some extent with subjects' reading and per-

—

o
In summary, the low\ered,somatic activity in the post-
. AN

exercise perfod was not associated with decreased acid.

;]:axed, yet seven of these incyeased acid output at that time.

. This may. have been due to the spontaneous generation of
anxious thoughts which some subjects indicat;d iq their self-
report. Another factor w}'u',ch‘may have played a role is the
possibility of, i;xcreased parasympathetic arousal concomitant
with sympathetic lowering which is Sostulatea to occur
following the relaxation exercises. The data sugées‘t that
reléxation training is not an effective method of lowe{ing
acid output of healthy subjects.

. In the reading study, mean acid output was decreased 32%
when subjects were reading relative to the control pgriod.
F‘urthermore',lwhex} subjects appeared to be absorbed in the
externally generated task of reading or self-generated

’

tasks, such as composing tunes  or "playing with perception,"

. acid output was generally decreased. This suggested that

the decreased acid was associated with active cognitive
inwolvement rather than the act of reading itself.

In conclusion, the data of Study I suggest




47
- (1) that an acid-reducing activity may be one that involves ™
v . ooy . ' * *
subjects cognitively in a non-anxiety stimulating situation
' and (2) that an activity which relaxes "subjects physically
. is not associated with decreased acid output.
/ —
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INTRODUCTION TO STUDY II

4

Study I was designed to explore the effects of’ 'cogc-!
nii:ive involvement on gastric gcid output. The mean éc:_i.d
:)ut'put while subjects were reading was 32.5% less than
du{:ihg their control periods. Further analys‘is of subjects'
ac;:ivities during readin;f/arr(d control periods;.}/strength-ened |
the speculation thaf active cognitive involvement was an V

important factor contributing to the decrease in'acid output.
/

In order to further test this hypothesis, it was

. e, *

important that the experimenter be able to assess that sub-
jects were, in fact, involved in cognitive activity. In
the reading study, f:he extent of subjects' involvement in

their reading could not easily be measured. Their reported

interest in the material was not always corroborated by the

experimenteb"s observations. In the case of two subjects,
the possibility existed that they were more cognitively
involved in ‘their control periods than while reading.
Furthermore, the experimenter did not provide a standard
stimulus for all subjects. Because of the nature of the
study, subjects were free to bring reading material‘ of theii:il
choice to the laboratory, e.g. newspaper, ™ guide, careger

£ p.*
journal, textbook, novel. Additionally, they were not

- 48 - ’ - f
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required to read for the entire readin'g pericd although

~

most chose to.

‘In Study II, an attempt was made to control for the -~

above factors, i.e. to provide a standard stimulus in which

. —

the subjects' continuous active involvement could be con-
firmed by observation. A maze-solving task was cﬁosen as
the stimulus activity because subjects' involvement in it
could be readily observed by the experimenter. In order to
encourage continuous invol\;ement in the task, the element of

competition and possibility of reward were added to th7

activity.
In pilot work using the maze, subjects continuously
involved themselves in the task until it was removed from

them. They later reported it had challenged them and main-

tained their interest. Four of the five pilot subjects re-
quired 2 minimun® of fifteen minutes to solve the maze. The
fifth subject solved it in nine minutes and then required

[l
an additional six minutes to solve it in reverse. Thus, the

pilot work suggested that the task was an engrossing one

that would require approximately fifteen minutes of labora-
tory time. It had the additional advantage that it could

be reversed as many times as rieceséax;y until.-a minimum of

fifteen minutes had passed or until pH returned to the end-
a

point 3.5. As discussed in Study I, the measure of acid

s
7/
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Y
output was arrived at by observing the volume of alkali
(KHCO3) required to neutralize the acid in the stomach to
pH 3.5 within a designated period of time,

In contrast to the reading study, the subjectsﬂ'
active involvement in maze-solving could be read’ily observed
continuously throughout the task portion of the session.
Cognitive involvement could be safely\' inferred because of
the nature of the task. It was felt that‘ the subject was
more likely to édhtinue to involve himself in this activity
because of the possibility of reward. Fu}thermore, the maze-
solving task was a moé& standard activity fox; each ’subject

than reading.

¥ )#
"
In view of the above factors and the results of the

reading study, it was hypothesiz'ed that the subjects' -
active involvement in the maze-solving task would result in
significantly less mean acid output compared to control

periods. ) )

b2
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9 METHOD

E 1 . t “A

Six male Lsubjects volunteered to participate
in the 'ﬁudy. They responded to the same advertisement 'used‘
in Study I (Appendix A). They randed in age efr-cmx seventeen
to twenty-five years and were all students at the post-high
school or university level. They were paid §$10 for the'
session. When asked, none reported a history of ulcer
disease. Subjects fasted for eight hours prio¥ to the

segsion.

A atus

The acid me:asuri.ng and recording equipment .was the
same as that ,used im/§Study I.

A Bolt Head Maze (Milner, 1965) was used as the maze-

solving task (Figure}S). It consists of 100 bolt heads

. screwed into a board 33 x 33 cm. The maze is electrically

wired so that when the bolt heads are touched by a rod -

-

attached to the wiring, a click is heard and the tx:ia.l is
registered on an automatic counter. There is only oge
"corr.ect" path of ﬁnwired b’olt heads from the bottom left
bolt head (START) to the top right bolt head (STOP) through
which the heads can be touched without tl}e sound of ‘a click.

'

The rules as set for this study were that subjects had to

- 51 -
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return to the START position each time they he;rd a click.
In order ?O suc;:essfully complete th'e maze, su.bj‘ects had to
remember which bolt heads g;roduced clicks on previous
trials. ©Scores were calculated by recorc}a‘.&g the number on
the automatic counter at the start 'and completion of the

maze. i

Procedure and Design

&
Prior to the session, the experimenter spoke to each

-
-~

subject on the telephone and .described the equipment and
acid-measuring technique. Subjects were told that a study
had already been carried out to exa‘mine the effects of
relaxation training on gastric acid output and that now
"attention control" sessions were required to complete the

study. \The fubjects were informed that following the session,

* which would last one hour, they would be trained in the

technique of progressive relaxation. They were tdld that

if they wished to practise it further, the relaxation tape

would be loaned to them for a period of two weeks.
When each subject came to the laboratory, the equip-—

ment was e_xpleined and he was asked to read and sign- the

3

consent fopm (Appendix B).

Sessions were designed to last approximately forty-

\
five minutes. It had been decided in advance, as in

\

-
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Study I, that sessions would start with a basal period
lasting abprox ely fifteen minutes, with a minimum of
twelve minutes. Each sessicn also had a minimum fifteen—
minute control period, and a minimum fifteen-minute period

"

during which subjects would attempt to solve the maze.
Each control or experimental period stazzted when the pH was
at the end-point-3.5 and lasted" until the pH returned to 3.5
after a minimum of fifteen minutes had elapsed. The pro- -
cedure of the study is summarized in Table 4.

Those subjects (1, 3, 5) whose experimental period’
preceded their control period were told: "In about fifteen
minutes, when your acid stabilizes after you swallow the
capsule, I will give you a task that will involve your

. N
attention for the ne;ct fifteen minutes. Thenﬁfor another
fifteen minutes you will Vsimply remain in the chair for
another control measure." )

Subjects 2, 4 and 6, whose experimental period fol-
lowed their control period, were told: "After you swallow
the capsule we will’ let your acid stabilize for about
thirty minutes and then I will give you a task that will
involve yourﬂattention for the last fifteen minutes."

At the start of the experimental period, each sizbject

was given tagsk instructions to Yead while the experimenter

set up the maze on the desk in front of the subject

ré

~-
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Table 4 "
Procedure of Maze-golving Study
. Time .
Subject ~ 15 minutes -~ 15 minutes <v15 minutes
basal maze control
basal control maze
-basal maze control
basal control maze
' basal \ Mmaze \ control
. basal control maze
-
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(App”endix H). Any guestions were then answered and the
subjects started maze-solving.

The experimenter qecorded behaviors exhibited by
subjects, such as body movements, comments during the task,

etc. After each session, subjects were given a questionnaixre . . _

to complete (Appendix I).

[

()’.”,
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RESULTS _ : ¢ .

It was necessary to assess whether temporal effects
existed withiﬂ;sessions before collgpsing the data of the
six subjects in order to compare their acid oufpﬁt under
£ask and control conditions. These effects were explored 2
by~comparing the acid output of the task cquitions that
followed hasal perioés (after fifteen minutes) wiFh the acid N
output of the task conditions that followed basal and control’
periods (after thirty minutes). The control period data
coulé not be used to assess temporal effects because these
data were c?nfdunded by the experimental periods that pre-
ceded them. It was decided that if the differences were not
significant at a liberal ;lpha level, ,the data of the six *
subjects could‘be collapsed and compared using a correlated
t test. . ’ ]

A t test comparing acid output in the task period of
the threée subjects in the gaéal-task—control paradigm with
acid output of the three subjects in the basal-control-task
paradigm was not significant even at the .2 alpha level.

Because no temporal effects were revealed within'

»
sessions, the data were collapsed.

-

- 57 -
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Mean acid output for the six subjects in the control
period was 9.5 mEg/hour compared to 4.5 mEg/hour-in the

task period (Figure 6). A two-tailed correlated t test
- 9

comparing acid output in task and control periods was

significant (t(5) =2.82, p < .0371).
& .

The individual data are presented in Appendix J. One

of the six gubjects increased%acid output while maze-solving.

'Y

The other five decreased acid between 51% and 71%, from the
amount they were producing in the control period.
: L4

All subjects gsolved the maze within the task period.

The maze was reversed for all subjects«so they could work

until/ thei'.r p}f/réturned to the end-point 3.5. - ) %
~ RN
Five of/ the six subjects solved the maze in 12-15

minutes; the sixth required eighteen minutes. The number
of trials requireéi to solve it ranged; from 48,to 113. The

Pearson product moment correlation (T ) between the number

. of minutes and the number of trials requiréd to solve the

- ]

maze was +.689 (p < .0l). The percentage decrease in acid

output, however, did not appear to be related to the sub-

\ -
jects' ability to find the correct path, ‘The correlation

between number of trials and perqentage decrease in acid

output was -.3 (Bs.). The correla‘t'ion between the ‘time

required to solve the maze and the percentage decrease in

acid output was +.02 (N.S.).

4
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Self-report data revealed that all subjects described

the task as eitherq;;;;>or moderately: involving, difficult,
, ' . ¢ 1 ~
enjoyable and competitive. The self-report answers regarding

degree of stress experienced varied more widely. Four sub—‘
jgcts described the task as marginally, moderately or very
stressful, tWo as not at all stressful. Allowing a score

of three points for a report of "very stressful," two fo;
"modé;;tely,“ one for "marginally" and zero for "not at all,"
the Séearman rank coefficient ( {5 ) between’@@%f-rebo&t of :

-

stress and percentage decrease in acid output while maze-

b .

"

solving was -.95 (p ( .01). .  This suggested that sub-

. Jy . . .
jects who reported experiencing more stress while maze—
L) .
» e

‘solving hadﬂa iesser decrease in acgid during the task period.
. . ¢

All subjects reported feeling éﬁat'they had done "moderately
Al ’ '

well" on the fask excepgyth? gsingle subject w?ose acid, in-

creased while maze;solving.' He reported feeling he,hgd

done "very well' o& the‘tas#. I

| Self—réporﬁ'data from the control period revealed that . 3
k4 ,

five®bf six subjects described their thoughts as moderateiy
i\ s , . ‘

: ~ .
or very involving. Qne of these five also described RJyjs

¢ - 4

thoughts as méaeratq}yvgtrgéafﬁl apd‘furiher reported he

had been thinking\of an argument with a friend at times.
‘v . ’ R - )
' He was.one of two subjects who gpoduced a subst{;tial amount '
\ / s
of acid (more than the other subjects) during the control

\ . ya

b ' _
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period.‘ Two of the remaining four subjects described their
e g ’ ’ \ )
thoughts as both moderately stressful and moderately enjoy-

able but did not elaboraig further. One of these two sub-
jects waghfheisecdﬁd subject who prodﬁced a substantial
amouﬁt of acid in the control period. The other two subjec;s
described their tho ts only as moderaEEly enjofable.v One
sipbjectd repo;ted that. his thoughés wer; not at allrinvqlving
or Btreggful. Statistical analysis comparing the acid outﬁut
of the control period with the self-reports of stress was
not carried o;tkpecause some Subjects reported a mixture of
thoughts within that peried, i..e. stressfui and e:njoyable.’J
The verbal and motor ‘bhavior of subjects while
\ ;olving the maze appeared to confirm the self-reportg that

¥ r

the task was experienced qs'kpvolving. Subjects were ob-

' ‘'served to have worked continuocusly during the task period'

without losing interest in it. One subject exhibited an

additional behavior while maze-solving: he tapped his foot
) e

o
throughout the task period. He was the subjéct whose acid

.

had increased somewhat during that time compared to his

control period.
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DISCUSSION

The resu}ts of Study II appear to support the hypo-
thesis that subjects' active involvement in maze-solving

would result in significantly less mean acid output/tngn in

the control condition.\As ndted,in the results, five of the
4

si§ gsubjects decreased .acid 51%~71% relative to control

;periods. The observed behaviors corxyoborated the self-

reports of subjects suggesting that they were all actively

involved cognitively throughout the task period. There

. ¢ - | *
appeared to be no relationship between ability to solve the

4 » A
maze and acid output. It seemed rather that -the involve-

Y

ment in the task itself was the acid-reducing factor.
The maze-solving task so obviously involved all the

subjects that it appeared ﬁq~have served as a more standard

“

experimental condition than the reading task of Study I.
Furthermore, the motor and verbal behavior observed
suggested that subjects weredmore actively involved

cognztively in. the task perlods of thls-study than in the

reading study relative to the control periods of ‘each study

4

respectively. Under maze-solving conditions, the percentage

mean decrease of acid output relative to the control period

7

was 52.6%. This-compaiesxﬁith a percéntage decrease in

mean acid output in Study I of 32.2% when the subjects were

¢ A AY
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reading, gnd virtually no decrease in acid output following
the relaxation exercises (2.5%). These resuits support the
hypothesis that active cognitive involvemerit may be a con-
tributing factor to ghe decrease in acid output. L .
Two lines of evidence will be discussed in an attempt

to explain why this phenomenon may exist. The first sug-

gests that there is less likelihood that ségjects would K&

¢

experience iﬁtrusive stressful thoughﬁs or feelings of
anxiety when they are actively involved cognitively in
reading or maze-solving. The other explanation invockes
seme data from the attention liferature to speculate that-
active cognitive involvement may ultimately lead to de-
creased parasympathetic arogsal and hence less acid. -

7 ThéAfirst explanation is based on observations that

; particular kinds of stress situat%ons in humans‘wifh or
without u;cer d%ge?se are associa%bd with increased acidity.
These situations include' chronic fear/(Hoelzel, 1942);
stressful interviews (Mittlemdn & Wolff, 1942; Shay et al,, dﬂ’

1958) ; situations that induced reported fee%ings of resent-

\
ment and humiliation (Wolf & Wolff, 1943); anxiety of '

-~
o -

. 3
hospitalized patients over répeat routine gastric intubation
‘tests (Hellér et al., 1953). >Mahl (1950) interviewed six -

W ]
high and two low-anxious subjects on the morning of a diffi-

\ 3

\cult examination ddfing their "final examination period.

AN
~
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The discussion emphasized the importance of the examinations

in regard to the subjects' entrance to graduate school. Five

i )
of his six high-anxious subjectspincreased acid during the

interview compared to their control condition, while the

low-anxious subjects showed no change. o

The above studies suggfst that certain 1?xi;§y or
stress situations may be associated with increased acid output.
If we‘now begin Yo examine the reading, relaxation training
and maze-solving studies on the basis of individuals' state-
ments and behavio?s in their control and gxperimenta;\ax
periods, we notg that when sugjects reported disturbing or

7 :
intrusive thoughts;, these periods were associated with

o

increased acid secretion. The current studies, however, were

~

not designed to examine such effects on acid output, but

A

rather to explore the effects of cognitive involvement in

reading and maze-solving. Detailed questioning of the

J
P4

content of subjects' cognitions was not carried out as this
could Qlave been stressful to subjects and influenced the

. (
suybsequent measure., We have ag data some observations

noted by’ the experimenter and those statements that were

P4

volunteered by the subjects in answer to the questions they

were asked after each session. For these reasons, the links
between stressful fhoughts and:acid increases in the preseﬁzfai

studies are to be notid merely as observations since they

{ .
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were not systematically ‘examined.

In the relaxation study we have already noted that

-~

no statistically signifigant relationship existed between
subjects' reports of mental relaxation and acid output.
However, of the seven subjects who reported not feeling
;entally relaxed following the ekercises, five increased
acid output and two decreased acidity relative to their -
control periods. Three of the four subjects whose acid had
doubled in the post—exerc}ge period were t@ose who rgpo;tgd
not feeling mentally relaxed and the fourth stated " time
went slowly." One of/'these- subjects was more specific in
describing his thoughts as having centred on problems in
relationships. ' The others did not offer more detail ¥

In the reading study we noted a substantial increase

in acid in the latter half of the session of the subject

who was gradﬁating that day. His behavior later suggested

A

he had been pressed for time during that ant of the session.

A subject whose re;hing pgeceded his contrgl period reported
that during his control period he was anxious to get back to
his newspaper reading. He had been reading the c¢lassified

0
saction as he was in the process of job-hunting. His acid
increased é}.z% in his control period compared, to when he,
had been reading. -

Three subjectggwhose paradigm was control-reading
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‘4.7 mEgq/hour. He seemed to have much on his mind afte
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%
reported having felt other than relaxed in their control

periods. One said he felt tense at \times and added that he

A

had been thinking of personal probl His 'acid decreased

80.4% when he was reading. The other ubjéct reported

having felt "blue" and "reflecting on all sorts of things"
in his control period. It was noted that he appeared con-

cerned and serious during that time. "He sgaid the reading

t T -

period was easier for him as it filled his\time better. His

aciﬁ decreased 39.6% when he was reading. e third subject

reported "feeling a little anxious" in his control period.

His acid decreased 45.1% while reading career planning

material. This subject is particularly interesting in that

his acid output was noémfgrge in either part of his reading
N

session or his relaxation training session. The largest

r ,
amount he produced in any of those four segments was

the latter part of his second session (exercise). He began
F- 3 ' 1
to speak of probt&ms hg was experiencing in his home. Th
tubing and capsule were still in place. The experimenter
continued to titrate the acid produced while the subject \
continued to talk about issues that were on his mind, e.g.

his desire to move out gf his family home, the pressure he

felt his mother placed on him to get good university

'gradesﬂ,the difficultié!'ﬁls parents demonstrated in their

\

-~

T 4

@
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own relationship, and\his\own difficulty in establishing
any relationship, etc. He continued to talk for an hour
during which time he produced 10.3 mEq acid'per hour, more
thanatwice the amount he had produced in any of the other{
four periods. The results of this subject's session
support the data of Mittleﬁan and Wolff k1942), Mahl (1950),
and Shay et g;; (1958) who repor;ed stressful interviews to
have been Sssociated with increased acid output.

As noted in the Regults section of Study I1II, the sub-
ject\who secreted the most acid in the control period was

-

the individual who, in addition to describing his thoughts

-

as moderately stressful, further detailed that he had been
. )

thinking of an argument with a friend that had occurred the

day before. His acid output decreased 54.5% in the task

pe¥iod that followed those cognitions. Two other subjects

also reported some amount of stressful t%oughts in their

control period. I£ is suggested that the active“cogﬁitive‘
.

involvement in the task contributed to the decrease in acid

output inm part by inhibiting stressful cognitions at le;st

&
in the case of éiese three subjects.

: ‘ ;
\ Tthe obseryvations from Studies I and II lend some
suppcert to the explanation that acid output decreased when

subjects were actively involved cognitively in part because

stressful or disturbing thoughts were inhibited at those



times. When subjebts were reading, they were assumed to be
more cognitively involved than in their control periods.
When they were maze-solving, they were clearly very involved
in the task. The mean acid output decreases were larger as
the degree of cognitive involvement increased fra; Study I
to Study II. This further supports the association of -
active cognitive involvement with decreased acidity.
Davidson and Schwartz (1976) recommend&ed different
activities for people, depending on Qhether they have high
or low somatic or cognitive anxiety. If we speculate, on
the basis of the above reported observations and earlier
reported studies, that high cognitive anxiet;Lis’associated
with increased acid outpht, the appropriate actiQities to
decrease acid output would be reading, watching television
or playing q&ess, according to Davidson and Schwartz. These
are their proposed activities for high cognitive anxiety.
T;ey prescribe progressive ;glaxation for thoge individuals
high in somatic and low in cognitive anxiety. Weupoted that
progr;ssive relaxation exercises had virtually no inhi;itihg
effect on mean acid output, even though elevgn of the four-
teen subjects reported feeling physically relaxed after the
-t
exercises. This further supports the notion that stomach

acid is more related to cognitive than to somatic actiwvity.

It is particularly interesting‘jo note that although
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the Bolt Head maze was regarded as competitive and difficult
by each of the six subjects, it nevertheless was associated
with decreasedvacid.output in the case of five of thd%. Four
of the six subjects reported that the task was experienced
as stressful to some degree. However, there was a signifi-
cant negative correlation between degree of subjective
stress reported during maze-solving and percentage decrease
of acid output relative to control periods. Thus, those
subjects who reported experiencing more stress had a lesser
decrease in acid. However, the subjects' mean acid output

during the task period was significantly less than during

13

. the control period. It is possible that the anxiety the |,

subjects may have experienced because of the task's diffi-
éult and competitive nature was diffused by ;he opportunity
they had to cope with it, i.e. to solve it. The single
subject whose acid increased during maze-solving demonstrated
the additional behavior of foot-tapping throughout the task
period. It is conceivable that this signified the ;ésk was
more stressful for him than for the other fiv; subjects,

even though his self-report indicated that he found the task
only moderately stressful. The rest of his self-report was
not different from the other subjects except that he was

the only one who expressed the feeling that he had done

very well. It is likely that the task i?g its competitive

Y

g



and reward components held somewhat different méanings for
‘each subject. The significance of a ifimulus for a parti-
cular individual is difficult'to ;easure (Wolf & Welsh,
1972). It is posstble that this subject experienced more
ﬁnxiety‘or stress than the others compared to his reporte?(
"enjoyable" thoughts of his control period. His constant
footf;apping may have been an indication that_the‘task or the
competitive aspect of it was more stressful for him than
for thepother subjects. If foot-tapping can be construed
as manifest anxiety, it can be noted thatlmanifest anxiety
was reported to be associated with increased acidity by
Mahl (1950) .and Heller et al, (1953)f

The other line of evidence that may qontribute to
explaining £he data of Studies I and IIﬁfglates‘to the way
. in which the §ympathetic and paras?mpathetic,nervous systems
operate at times. As noted earlier, the antagonistic inter-
action of thé adrenergic and cholinergic systems has been.
demonstrated at the neurotransmitter level (Vizi, 1974):
Other researchgrs have‘gsmonstrated that chemical or suréical
sympathectomy is associated with increased acid output in
rats (Moraeé, Nyhus, Kalahanis, Bombeck & Das Gupta, 1978).
They have theorized that sympathétic ifousal may have an
anti-cholinergic effect, i.e. the parasympathétic system,

»

may be inhibited when the sympathetic system is aroused.

» «

b o M = =




‘tation arousal period. Kahneman et (1969) report sympa-

PN By st mesrrae. o o

......

v ’

A decrease in parasympathetic functioning would mean de-

9
"

creased vagal’activity, i.e. less acid secretion. .
ﬂh~regie;.of repérted influences on the cephalic
phase of acid secretion supporﬁs;the view that the sympa-
thetic and parasympathetic nervous systems often ope;ate‘
anta§0n§stically. Many of the situations associated with

-

decreased acid secretion are described by the experimenters

)

as sympatﬂétically arousing. Some of these involve acute

fear or overwheiming siéyations, e.g. Cannon (1934), Wolf and

Wolff (1943), Polish g;,é;é (}962). Weiss (1977). Music of

concert hall intensity was_associated with decreased acid

secretion compareé to control pericgds; the experimenters N‘\\
suggested that the music may have been‘perceived as noisy‘
and stressful Snd thus could have been sympathetically
activating (Demling et al,, 1970). The effect of sleep on
gastric acid ;ecretion was studied by MSore and Englertl
(1970) and Hall et al. (1977). Both reported a reduction
of secretion in the morning. Hall gjb;l‘ suggested that - "
the decrease in acid seen on_awakeniné could be an anti-

cholinergic effect occurring when an individual adapts to

changes in his environment. Perhaps this decrease in acid

was a result of sympathetic activmi%::&during the adap-

thetic-like responses during attentive obgservation to -

external sti@!&i.

AR i A e i aeb L AR 1e . Ol cte el i ae as



- Badgeley et al. (1969) postulated a sympathetic
activation mechanism to explain the decreased acid secretion
e ) s
. of their subjects during mental arithmetic hours. These '
experimental hours were counterbalanced with control hours
R . and no order effects were-noted. They had hypothesized
., that mental arithmetic would be associéfed with sympggketice
discharge and a shift of blood flow from the viscera to the

periphery resulting in gastric vasoconstriction and lowered

. N .
secretory . rate. Brod (1963) had shown ipereased heart rate

) And muqcular blogd flow when subjects were mentally solving
difficult arithmetic problems. Kahneman gt al, (1569) as
well reported inqre;seé sympathetic arousal during mental ‘

1 : arithmetic tasks, albeit very brief ones.

In 1974, Lacey and Lace porte& that attentibnal
¢

? tasks, such as detecting a siggffal tone, were associated
with lowered heart rate (bradycﬁrdia); whereas mental arith-.

metic or "cognitAve work" was assbciéted with increased
/
" heart rate. Tﬁgy also raported t&;t a "divxded set” task
.J‘\ -
requiring both tone detection and mental arithmetlc resulted

i in more heart rate increase than the latter task alone: The

=4

components of the\"divided set" task are sgmewhat akin to

v L mhpeey e

the Bolt Mead Maze task in which subﬁects had to listen for

the Shockllbetect a signal) while remembering the previous

- - o | v
paths taken in the maze.
V4 T+ . . i ’ e

. ‘ “
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o ' . wf{ile #rill miintaining "ehé. cognitive componént, Adamowicz
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. & v !
v - . Elliott (1974) reported that when subjects weré

&; by ‘ o ‘ \
CA reading a transcript of a counselling inter‘{riew with the

o~ P

knowledge that thaiy were requlred to summamze it, sgggest'
soLut:Lons,wetc.' later, their heart r\\;te 1noreased. Ina;
similar study, Adamow:.cz and Gibson (1970) defnonstrate@ that
when subjécts were llstem.ng to easy or difflcult iext“

\r,;cor ngs wz.th intent to verbally s\;/nunarize them. heart
rate .ncreased over baseline values; When there was no

.spmmary requ:u:ed of subjectsz, .heart rate decreased. In

ordexr to reduce the "motor sefh assoc1ated¥‘tb the task

"

and Gibson ;).970) required subjects in a second study to
listen to’ the text with the knowledge that they w5uld later

L » - provide a wr:.tten summary They still found cardiac "in-

. creases were greatest when there was a high cognitlve task

AY N 4

L Lo N
* energywdemand." They ,reported a gradient df cardiac in~

L) N *

crease from least to most cognitive involvement. bengerink

S (1971) a.‘Lao demonstrated that hear’t rate. levels were hi h

) ¢ wiren subjects were distening to instructigﬁs'foqr a task in "
. /\ ‘ Ay ‘ N
¢ ) ) whi’ch they had to compete with an opponent.! Thus, we note
. ./‘ ¢ ?\ ) he \‘ ¢ ) 7 N
. : that sympa‘t}ietic ar‘ousal has Been demonstrated under corn-
. - Y .,

. ‘ ditlons of mental arlthmetlc )(Brod 1963), ot;ier cognx.tive

oo - tasks (Lacey & Lacey, 1974; Kahneman et al,, 1969), .1listen-
. ‘ A . . " te ¥

. ing to texts or reading transcripts with' intent to '

. . Ve - . 8 "

A}
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 summarize (Adamowicz & Gibson, 1970; Elliott, 1974), and
LY

listening to task instructions with the requirement‘of

later perfbrmance (Dangegrink, 1971). All these tasks have
: I\ ,
.an jelement of cognitive involvement which is similar to

»
the jnvolvement required by the maze-solving task of Study

IT, and to a lesser degree, the reading task of Study"I.
"At th.e phy51ologz.cal level active coqnitive in-

volveﬂé\nt is a350c1ated with sympathetic arousal We noted

previous’lygreports of the antagonistic interaction of- the

sympa;:hetic and parasympathetic nervous systems. We noted,
as well, studies in wh;ch sympathet ¥#c arousal \;ras associated
witl‘t decreased aci_d secrgtion, i.e. decreased parasympa-

thetic ;ragal activity. It wouldappear that the decre'ase\
! N | - .
in acid output under the reading and maz(é-solving con- _

: , _
ditions may be partiall¥y explained by the sympathetically

arousing ‘nature of the tasksland the concomitant decrease

in parasympa thetic act1v1ty o

E]

As note,d earlier, an attempt was made tﬁ pilot work

for Study I to measure sympath’e'tic activity while measwuring
. .

acid output. However, it was decided 1:ha_ti the additional

equip;nentrinterfered with the subjects' abili{:y to carry

out-the.;:elaxaﬁiqn exercises and' reading tasks in comfort.
' ‘ ’ -

It would also have interfered with pe\rformance of the Bolt

» -

Head maze task of Study II. e,




' be asked whether maze-solving or reading intdresting

75

. The two explanations offered above to account for thesd

4

decrease in acid output under reading and maze-solving con-

ditions were (a) the inhibition of stressful’cognit;ons and

(b) the sympathetically arousing nature of the tasks. One
does not exclude the other. Indeed, they may interact under

.-\a
certain conditions to augment th% decrease in acid output.

This could be tested in future research by measuring the
* JEEN

acid secretion of stressed and non-stressed suﬁjecté under
céntrol, maze-solving and, perhaps; tone detection (Brady-,
s ' ’
cardial) conditions. /This would help determine the rel%tiyg
roles. played by stresgful thoughts, active cognitive involve-

ment and symgathetic activity in aeid output. : ’

More importantly, however, the question should first

é

£ .

" material would systematically decrease acid secretion in ~

pubjects who were under stress. | It WOuld,th@h be of *\’

interest to study these questions in jects with beptic

ulcer disease or eracidity. Pt would seem unlikely that
- dis prperacydity \ y

relaxation exercises would serve to decrease acid sgcreﬁton

in subjetts under sktress, Noﬁ‘iny é:esvthe post-exercise~
; : 3
v , .{ [l - \' ’ . M
condition allow for the re-introduction’ of stressful cog
- R = B ( » N ! )
nitions but, 'in addition,,6 it is. reported that the relaxation
4‘ » R ¥

. exercises result in’ a decrease of sympathetic arousal (e.g.

. , { R .
Jacobson, 1938; Paul, 1969; Chinnian et al,, 1975; Reinking

T | h




& Kohl, 1975; Fey & Lindholpm, 1978). Thus, if any change

inl'autonomic -functioning- were to occur, it would likely be

-
» ’

in *the diragtion of an increase in parasympathetic func-

tioning, i.e. increased acid output.
. . .
v \\ '
The implication o:* the current set of studies is
- N . \
that, at least for healthy subjects, active po’fgnitive in=-

\

volvement raqt‘her thén physical relaxation would be more -
likely to réduce' gastric-acid output\i The data indirectly
support the ‘research of Chappell and Stevenson (19361- who
gave daily " gréup psycholc:gical training" for six weeks to
thirty-two subjects wigh ulcer disease‘. There were twéntyq
. i

control subjects who did not receive this traihing. 6 It
shouldv be ﬁfed, however; thatﬂ:he auth‘ors did not feport

giving the control subjects any form of attention. The

experimental group was trained to learn the negative in-

— -~

fluence of worry on the healing process of the gastro-
+ ’ :) - -

N

intestinal tract. To prevelt worry,' t‘he‘ patients:were

ir;.structed to select a period of life to which not.many

unp];Qsaxit thoughts were associated. They were then trained '

to direct their thoughts to this-period. Patients were also

‘ 1

- * ~ ) i
told to seek the' cooperation of their families in elimina-

. R4

ting, the discussig;a of their disorder and Hiet. At tHe end
. Phd ‘3 .

‘0f three weeﬁss, all but one of the experim,éﬁtal sub-jects"

|

, were free of subjegtive symptoms. At the, end of eight

4 / : f[

ran

-
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. .
mohths only one subject experienced recurrence of disease

compared td the control group in which all syffered ulcer

cogmt:.ons benefit the gastr01ntest1nal tract! "&

recurrence. Chappeil and Steyenson (1936) used @ught

substitution training as part of the treatment in their

study. The reading and maze-solving tasks could also be

't'ions, al¥eit these stimuli

considered as redirecting co
. M,

were external- to the subjects. The implications of both."

sets of studies, however, are that elimination of stressful

4
4 a

T

An addltio?al mpllcatlon of tge maze-solving study

- ¥
is thatthe presentatioﬁ of a difficult task need not

k1

result in#®increased acid output if there is an opportunity

’to cope with the task. The possibility of reward in this '

[

‘(study may have contributed to the subjeets' motivation to

continue to solve the maze and to maintain }ﬁ'éérest in it.

.

It 1s%uggested®é~\i\the necess:.ty of remembering past

moves, i.e. the cognitive 1nvolvement or eriergy requirement,

- '

helged t\% ellminate what may otherwise have been a "stress"

9

reaction of increased acid output In fact, the result was
[}

decreased acidity. ‘ Co . .

e

A

I

We learned further that reading was not as effective

&

as maze-solving in decreasing acid output, again implying

. . N
[ < -

By a situation may play an important role in the acid -

.G \ -

ey

‘that cognitive tfifolvenment or the cognitive energy required .

7
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» response. As discussed above; this may be associated in-

direétly with sympathetic ajrousal, or the inhibition of

Iz

worries, or an interaction of the two factors.
! A

Twenty-one subjects in the two studies swallowed the

Heidelberg capsule .and tubing. Most did this without diffi-

culty. A total of thirty-three sessions were held, exclu-

sive:of pilot work and sessions eliminated due to technical
J .

problems. _On six occdsions the subjects required several

tries to successfully swallow the capsule. This occurred

—

on the first oécasion for five of the subjects and_on the
second session of the sixth sgbjectg' The five subjects did

. P .
not find it aversive to the degree that it would prevent ‘

) . . .
th\QI@ from participating in the next session.
o ‘ b
, There were two other subjects who had volunteered

S

for the study but were unable to swallow the capsule. One

| \

'\’ later described himself as a "gagger." The other reported
X £
- after several attempts that he had experienced difficulty

in swallowing since the age of six when an oesophageal
] ,\ ' ‘ - v g8
4 fistula had been repaired. In future resiéjch with this
- ‘ . /
equipment, subjects should be asked specifically if they _
‘ /

have ever had difficulties in swallowing before engaging

1 . N f*
¢ them in the study. The capsules are costly and must be ¥

!

. used on the day they are é&}ibrated. . . \’

L

In both sessions of Study I, subjects were asked if

o -

L)
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-

they were worried about swallowing the ‘caps'ule. Worry,

~ - 4

either prior to’/or while swallowing, was reported in four-

4
teen. of the twenty-seven sessions. A Chi square test re-

. 4
vealed, however, that these reports bore no relation to the

subsequent control period acid output measgure which directly

folYowed the basal period (during which no measure could be '
2
taken), X (1) = 1.45, p <.3.

The telemetering equipment seems to be less aversive
) .

than other acid measuring procedures. Two subjects~in the

w o
first study cffered themselves for a fourth Wession when
d :
technical ‘problems made it necessary to elim&nate their

second and third sessions. Their offers were not accepted

L 4 7

but they do indicate-the relatively non-aversive nature of
J

the technique.

IS

In conclusion, these studies suggest the following:

7/ 1. The modification of the Heidelberg acid measuring

!
l‘ ¥

equipment as c},\escri}ed in this thesis renders it useful for

measuring ,gastsi& acid-output. This measure can be made
[ -

continuously throughout sessions while subjects underéo

" jvarious experimental conditions., This is accomplished

)

* without d}écomfori; tQ the subjects. The method minimizes

the risk of either cephalic or gastric phase effects on
acidity due to the measuring technique.

»-
2. Cogniti%le activity in tasks such as reading and

ST

. ! o .

-
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¥
qg;e—solving may be associated with decreased acié output.
,,/’/ Because maze—solviné’was more acid-reducing than reading,
ﬁ ’4, it is suggested that the degre% of cognitive involvement is *

a key factor in the acid response.

53 The presentation of a difficult task, even if it

A

Q

is perééived as stressful, need}?ot result in increased
acid output if there is an opportunity to cope with the task.

4. Qyogressive re&axation exerciéés inducing physical
C relaxation effect no significant change in acid output.

J
5. Cognitive activity appears to influence mgut

™
/ activity in the form of acid output changes. Future re-
‘, §earch should examine the implications of these studies in
subjects under stress and in subjects suffering ulcer .
¢ .

v " . E
Y . disease. : :

¢ . If research on subjects with hyperacidity or peptic

ulcer disease demonstrated similar results, this would

suggest that a treatment: for such problems include not
-~ f-’ 4
physical ralaxation but rather an activity with a large

@

! L4
‘cognitive component. The results suggest that a difficult
; ' cognitive actiivity need not result in increased acid out-
;. ‘\ put if the opportunit%rpxists td/cope with it. It might
v v

follow, therefore, that the more invoivinq/the agtivity, -

o

. the more liﬁely it would be that acid output would be

£

decreased %t that time. It may well be, for example, that the




t.,
¢

~

‘hypérsecretoz: should holiday not by relaxing qp a sandy
L]
beach, but rather by engaging himself in a challenging

activity such as underwater photography or scrabble.

\\ The method devefoped to measure acid output as

</
\ .
described in this thesis is recommended for use in future
\_/-\ -

psychological research. It could be a valuable adjunct

\
\f\or_-i behavioral apprcaches to lowering gastric acidity.

.
» “3
1
N .
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' APPENDIX B

. INFORMED CONSENT

<

1, the undersigned declare that I agreed to particxpate

as a subject Ln a study ccnduzﬁid by Maxlne ngman and

supervised by Dr. Z. Amit.

‘ .
. et . N - [ -

L

Y,
\

I declare that the nature of the study was exp1a1 ed o

-

me prlof to my part1c1pat10n. IValso declare that I

\

agreed to allow the investigators to withhold from me,

[

for the success of the stud} The investigators

undertook to provzde me w1th all pertxnent lnformatxon

v

upon completion of ﬁhe‘study,

f

Signed this, day of the

[ ' . month

* should they need to, some information Which_is necessary"

Signature
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- APPENDIX C°

‘Modified Jacobgoniaj In ion
For Pr_o re ve Relaxa

I want you tp lie as comfortably as you can on the
chair with your arms stralght at your sides and your legs
straight. First; I want you to take a slow, deep breath.
...Take a sfow deep breath and hold it....Then relax and
let go.

In the first exercise, I want you to focus on'the
muscles across the forehead. I want you to tighten' these
muscles by raising your eyebrows as high as you can., Raise
your eyebrows as high as you can...as if you were trylng to
force them right into your hairline. Now concentrate on the
tension that builds up across your forehead. Focus on the
discomfort you're feeling. .. .Allow this discomfort to build
up.. .and then relax, and let go. Smodoth the muscles .across
your forehead. Try and let these muscles go more and xmore
completely limp. - .

**f*****(lo-second pause)

Now I want you to lower your eyebrows and force them

'together as if you were frowning. Lower your eyebrows and

force them _together and, at the same.time, I want you to
clench your eyes tlghtly shut. Focus on the buildup of .

- tension around your eyes, across the bridge of your nose,

and all along your eyebrows. Again,.concentrate on the
feeling of tensjon and feellng ©of discomfort. Hold this
tension...and now, let® go and relax. Feel the relaxation-
along your eyebrows and across the bridge of your nose.

**k*kx%%(]10~-second pause)

In the next exercise, I want you to press your tongue
against the roof of your mouth. Press your tongue against
the roof of your mquth. Concentrate now on the pre§sure
building up along your jaw and along your tongue. £on-
centrate on this feeliny. Focus on the tension. E‘.ocus,on
the discomfert.,..Now, let go and relax. Let your tongue

‘ . . .
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kekwxkkkk (10-gecond pause)

\a\ We're now going to shift our ¥ocus to the muscles
r

~ AS

‘go into your lower Jaw without touching the roof of your
mouth at all. And let y®ur jaw go slack. o

‘

- Breathe easily and deeply...and ({'egularly. Each time
that you exhale, I want you to concentrate on relaxing
moxe and moere completely. '

kxwkkkk* (]0-gecond pause) \\)

- (
Now focus on the muscles around your mouth, To tense
these muscles, I want you to press your lips tightly to-
gether. Press.your lips together as if you were trying to

‘press your upper lip down into your lower lip. Tense these

muscles and feel the tension all acréoss your upper lip and
around the corners of your mouth, and along your lower lip.
Press...and now relax. As you relax, let your lips part
and let your jaw go slack. Concentrate iqn the pleasurable
sensation of then?scles becoming more an re relaxed.

P

!

*kkkkkr* (]0-3@CO ause’)

ound your rieck., The first thing I want you to do is to
turn your cheek so it's pressing against the pillow. Press
your left cheek against the pillow and, with your shoulders
flat, I want you td twist your head as if you were twisting
it around on a pivot. Again, keep your shoulders flat and

press your left cheek into the pillow as if you were twist--

ing your head around on a pivot. <Concentrate now on the
buildup of tension along the right side of your rfeck and
the right shoulder. Concentrate on this tension. Focus
on the ‘discomfort. And now, let go and relax.

Breathe easily and deeply. And now just let your head
go back to its original position. :

********(10-—second pausej

. Y Now do the same thing, but on the other side. Turn
your head so that your right <cheek 1is resting on the
pillow and again, keeping your shoulders flat, press your
cheek into the pillow as if you're ;wisting your ’

i
!
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head around on a pivot. Press your right cheek into the
pillow adﬂfconceqtrate on the buildup of tension along the
left side of your neck and left shoulder. Press d con-
centrate on the tension. And now relax...let go./.gnjoy
the feeling of relaxation that spreads around your head
and shoulder. Then let yéur head move back to its original
position. , ' -
. | N

*kkkkkk** (]0~gsacond pause) N N

In the last exercise of the set around your neck, I
want you to keep your shoulders flat on the chair but raise
your head so that your chin is pregging into your breast-
bone. Lift your head off the chaijﬁand press your chin
into your breastbone. Again, hold the tension...hold this
tension, and.concentrate on the discomfort building up
around your neck. Va o .

When I tell you to let go, I want you to let your head
just drop back onto the pillow. All right, relax...your
head's dropped down onto the pillow and I want yQu now to
just concentrate on the feeling of relaxation spreading
around your neck. ,

Enjoy this feeling of relaxation spreading around
your neck.

Enjoy this feeling of relaxation andg, continue to
breathe evenly and regularly, concentrating on relaxing
as you exhale.

- +

**%kxkk** (] 0=second pause)

Now shift the focus to the muscles along your arms dﬁd
into your hands. .
_ [

Keep your arms-straight and make your hands into fists.
Now slightly raise your arms off the chair, keeping your
arms straight. Slightly raise your arms off the chair with
your arms straight and your hands clenched into fists, and
tighten the muscles all along your arms, your forearms, your
upper arms, and right across your shoulders. Feel the tension
building up in your arms. Concentrate on this feeling...and
feel the vibration in the muscles as you keep these muscles
tight. When I tell you to relax, I want you to just let your

arms flop down onto the chair.
-

-
1 | | (
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All right, relax..\.Your arms have dropped down onto the

chair, and now [ want you to focus on the wave of relaxation a

and the wave of warmth that travels along your arms and across
.your shoulders. Just focus on this release...on this pleasant
feeling of relaxation...and €t your arms become more and more
limp and more and more relaxed. ‘
N 1]
**%x***% (] 0—gecond pause) .
# v
Now concentrate on the muscles of your stomach and your
diaphragm. 1In the first exercise, I want you to presgs your
. stomach slightly out, and tighten it, as if you're preparing
to receive a blow. Tighten this muscle as if you were pre-
paring to receive a blow....Hold this tension....Concentrate
on the feeling that you're gett;.ng from these tensed muscles.
-..Héld it....And now relax.

]

Relax, and let these muscles go limp. Feel .the relaxation
spreading across your stomach. Feel the pleasurable sensation
of these muscles when they're relaxed, Just try to relax them D
more and more completel/g,

**kkkk*% (] 0-second pause) - L .
~
Now I want you to pull in your stomach. Suck ih your
stomach as if you're trying to touch the back of your spine.
At the same time, I want you to_fighten the muscles in your
ﬁiaphragm.

+Again, concentrate on these muscles.. ..Concentrate on
the®ension....Concentrate on the discomfort. Hold this
tension...and now relax. Just breathe easily and deeply, +
~ allowing these muscles to relax more and more completely...
again focusing on the pleasurable sensation of thesd muscles
» - as they relax more and more completely. . ’

*kkikk*k*(]0-gecond pause)
. »
Now shift your focug to the muscles between your waist
‘tand your knees. . . . I want\yo\.\ to do two ekxercises at once.
First, I want you to press your knees together. Press your
knees together and, at the same time, I want you to tighten
. the muscles aléng yoeur thighs, the upper parts of your thighs,
and the lower parts of your thighs,  and the muscles in your
buttocks. . -

n Tiéhten'all these muscles between your waist and yQur
knees and con_tinge to keep the pressure going between your
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knees. Hold this tension....Feel the discomfort:...And )
then relax. Let go and concentrate on the gensation of re- -
‘laxation traveling along your legs. e

Try and let these }n'uséle‘s. relax more and more com-
pletely. Become more a®d more limp.

*kkkkkk* (]0-gecond pause) '

&

tense these musclgs, I want you to point your toes back
toward your knees. Point youfr toes back toward ybur knees
and tense the muscles in your calves and in your shins.

Now focus oy_he lower parts of your’ legs. In ‘order to

'

" — You shouid .feel the tension flowing from the tips of
your toes, around the backs of your heels, and right up -
into your calves and shins. Concentrate on holding this
tension,~ focusing on it....And now, let go. Relax, and
again concentrate on the feeling of warmth and TYelaxation
that spreads along your legs. g’\ "

t Lo
********(lo-second pau&e) . ’ ) "

Nov;r,‘ take a slow, deep breath....Breathe easily and
deeply and comncentrate on letting your whole body relax

more and -more completely each time that you exhale.

s AN
kkkkkkkk (10-gecond pause)

I want you now to imagine a wave of relaxatlon start:.ng
at the top of your head and traveling down your v{:zle body -
to the tips of your toes. Concentrate firston t muscles
across your forehead. Relax the musocdes across your fore-
head and allow this relaxation to spread along your 'eyebrows
and across the bridge of your nose. Relax the muscles ¢ -
across your eyebrows and across.the hridge of your nose.
Let this relaxation s;iread around your eyes, around the s
cornersg of your{eye's, and acrogs your eyelids....Let it
continue to spread down along your nose to the corner of
your nostrils...and spread out across your cheeks. Relax b
the muscles in your cheeks. Relax the muscles across your !
upper lip\ Focus on relaxing just the muscles of the ,upper
lip and, around the corners of your mouth.. .then down around

e

your lower lip. o .
o . : )
Let your mouth go slightly open and ‘let all these )
muscles go completely limp and heavy. Relax the muscles in
“ . . . -~
I ’ S

AN
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) .feet. If any tension remains in your legs, I want you to
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s your tongue...along your tongue and down underneath your t 2
tongue. Again, just let your tongue rest on ¥our lower jaw
without tduching the roof of your mouth.
K , ' .,
Continue to feel the relaxation spreading along your
jaw. Let your jaw go sllckd?and let the muscles relax.

[ 4
g

********(lO—Sngnd pause)

- . Relax the muscles alohg vour neck and down into your
shoulders. Feel the muscles relaxing in your neck and down
K#'into your shoulders. Allow this relaxation ~to spread ‘
slowly down .your artus right to the tips of your firigers. ]
Feel the relaxation spreadlng down your arms and rlght to 3
the tips of your §1ngers

1

********(lo-second pause) o é

\\ /,/" centrate now on the’ cqntact between ycur back and
the chalr. Feel the contact between your back and the chair
and try to maximize this contact. Just let your back sink
down into the chair and feel the wave of relaxation starting
across your shoulders and trayeling down your bacgk right to
the tip of your spine. Concentrate on feeling the’wave of
relaxation going from across your shoulders down to the tlp
of , your splne

-

*xxxx* k¥ (]10-gecond pause) " .
. » . ' ( * 4
) Relax the muscles 7n your legs. First the muscles in
your upper legs...all around ypur thighs...down around your
knees...intc your calves and shins...right down into your

imagine the tension draining down your legs and out through '
the tips of your toes. Just feel the tension draining doWn
" your legs and out through the tips’' of your toes.
) 3 ’
**kkkkk% (] 0-gecond pause) :
[ 4

Now cohcentrate on your whole body. Feel yourself being
Y supported by thejchair.* You don't have to make any effort at
all...you're being completely supported and you can jugt
. ‘callow yourself to sink down into the chair. Allow your
' muscles to becpme more.and more completely l;mp and heavy. '

; (Feel yourself sinking into the chair. .
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/
*kkkkk** (] 0-gecond pause) ) :

In a moment, I'm going to tell you to open’ your eyes.
I want you to maintain this relaxation, this feeling of
being refreshed. All right....Open your eyes...and con-
‘tinue to feel relaxed and refreshed. . v
L3

(End of Instructions for Progressive Relaxation)
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Agke E i er
A ggio in Study I

¢

Was your reéalng material: very interesting
mildly interesti
p boring-

-

Was your mood in the other half hour:
' Session I--happy, tense, relaxed,
’Session II

blue, anxious,

Were you worried about swallowing the capsule:
Session I--before . during
. Ses7ion II--before during
Yas the second half of the session:
Sessio --eagier same harder
d Session lI~--easier same harder-

After the exercises were you:
| physically relaxed.
, mentally relaxed
® . physically and mentally ;elaxed
: not relaxed

.

102
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' E in Sessi & \

1) Artifactual fluctuations of pH indicator to which

the experimenter responded by infusing titrant.

These wexe due to outside interference of

unknown origin. _
2) Capsule separated from tubing as it was.swallowed.
. . , o
3) Capsule stayedrin oesophagus. This occurred early N

in the study and stimulated the use of a marker
) taped to the tubing 57 cm from the capsule.
R Subje¢ts then were required to swallow tubing
up to the marker. * '

N\ .
l‘ \/\ |

R S
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and you then have to go back to START and begln agaln.
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- APPENDIX H
.

—

Instructions to Bolt Head:Maze ° .

a

This is called a Bolt Head Maze. You are to trace
a path through ‘the maze from-START to STOP using the rod .,
to tpuch the’ heads of the bolts.

If you take the wrong path you will hear a cllck

You ,start at the bottom left hand corner. You can

travel only at right ang;es——vertically or horlzontal;y -

but in any direction, i.e. forwards or backwards, up ot
You may not go diagonally. ‘ oo

-

. , ,_\\ .
You have approximately 15 minutes to work ®t this
ind the correct path. o "

. There are two aspects to scoring your performance--
" one is based on the speed at which-you work-and one-based '~
. on the number of trials you require to solve lt or to

reach your closest point to STOP.

If you complete thg’maze you w1ll be agked to .

Zétaif over. There will be a bonus of $10 over and above

the $10 you receive for, being a ‘subject, if you surpass-
the standard of scoring. This standard will be calculdted.

‘on the basis of the 6 subjects participating ' in this aspect
of the studyr Because you are competing against the other .-

S subjects I will not know and hence will not be able to
tell you if you have surpassed thée standard until the study
is cdémpleted. ‘ K
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- PLEASE UNDERLINE THE ANSWER THAT BEST DESCRIBES YOUR RESPONSE.

«

Dld you find the Bblt Head Maze task very involving,

moderately: involving or’ not involving at all? A
. . I .'.‘ . ' =t
Did you enjoy aoing it very'much somewhat or not at all?

‘N . ~

Dlg 'you - flnd it very. dlfflcult, moderately difficult or

.not at all dlfflcult?
How do you feel you performed? vefy well, moderately well, .

. poorly. - .

bid‘&o&.find this'tésk very coﬁpetitive, mildly competitive

’ ar not at . all competitlve?
Dxd you £ind th;s task éery stressful moderately stressful ;
: or not-.at: all stressful?

Vs

. ﬁhat dld you~lxke*most about thé task?

What did you likg leﬁst about ‘the task? {
Were your thoughts when -you were not maze-solving R X ) '
: . very involving,- moderately involving or not at all

'3.' 1nvolv1ng? C . \\J\\‘~ -

If your thoughts weare 1nvolv1ng, were they very streassful,
s AN moderatély stressful, not stressful, very enjoyable,
v~ - . moderately enjoyable or not enjoyable, or other
. P . ? , .

e What dld you like most about the perlod when you were not .
solving the maze? ] .

* What did you like least about,bthat .period?
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