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ABSTRALCT
s .

Eighty-thgge Ss were categorized §y split;median scores
on the Switras Survexfoffg?ntél Imagery (SﬁI, Switras, 1978)
as high and low imagers, and randomly aésigﬁed to one of
four treatment conditions: (a) biofeeéback (BFK) alone, S
(b) guided imagery (GI) alone, (c) combined, and .
(d)_control. Subjects also completed an author created
méagure,gthe Self=Ra;ipgs of Imagéry Ability (SRIA}.4 All Ss
in ths three.active‘treétmgng conditions were required to
increase temperatu%es in the domiﬁaht hand. The BFK group
received Qisual analogue-and auditory feedback; the GI =

enacted audiataped thefpalkimageré suggestions; the
‘combined group reteived Biofeedback and the same thermal
‘ imagery audionge, while controls listened passively to-an
‘~audio;apelof physicé definitiqps. The tggining involyed'
five 1-hou>\€:§§19ns conducted on five consecutive days
whenever possibte (maximum-spgn of géven'days) ;nd‘gt the .
i same time daily. Each session consisted of a 15-minute
adaptation period; 10-minute‘baseliﬁé, and four é-minute
training trials. | "\ r ‘
Results indicated that a cooling éreﬁa for al) subjects

was evident with hand teﬁperatﬁres decreasing siénificantiy
f:oqitpials I to 4. Across sessibns, training effects were
greatest overall by the end of the third session, and
fﬁrthqr training did not iqpregsé therﬁal effects.

Examination of individual. groups, revealed tge‘spperiority' '

- M . N .‘ N —
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of the BFK conditions/and also su sted that low imaging
gge

ability may be an asset in thermal. training. Self-estimates
of imaging ability were compared with the SMI, and indféated
that the laypefsonéi>notions of imaging abiiity were more
closély related to vividness rather than its
controllability. Correlations‘of SRIA and SMI.scales were,
higﬁfs£ in the visual modality.(r= .60) and suggested a
.moderate overlap between the total” scores on ;ach measure
(r= .59). Explorétory disériminant function analyses,
pléhough non-significant (p= .078 ), suggested that’
successful warmers were older, more likely to be female, and

possessed lower baseline temperatures. Problems associated

with assesaing imaging ability and validation of imagery

' measures -are diftusssed. The use of standard¥zed dependent

‘measures, treatment of males. and females as separate

¢

populations, and mqnitorinéyof EMG-correlates. in future

?

P
research are also discussed.
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1. INTRODUCTION

Nature of the problem

During the training phase of a major study at the University of
Alberta, Edmonton, emp]oyingAdigita] temperature biofeedback in the
treatment of migraine headaéhe, it had been,notgh that gome subjects
despite more training sessions (méan= 12), were unable to gain
volun£ary peripheral temperature g;ntro1 while other Ss.with ’
relatively fewer training sessions (mean= 8) and less home practice
had developed mastery of this skill relatively easily (Sellick,
1981). As well, experience with biofeedback clients by the present
writer had also sugges{ed that acquisition of peripherq] skin
temperatu?e control was highly variable and may be influenced by
individual difference factors. These observations led to an
interest in the area of biofeedback assisted training.of
vaséhi]ation or haﬁd warming and to the development of the following
study. -

A peruéa] of the literature suggested that the ability to

|
self-regulate hand temperature was indeed highly variable, and that
emphasi§ appeared to be shiftiﬁé away from examination of factors
associated with the biofeedback technology itself towards
development of strategies that would take into acﬁount indiv%dual
differences amongst subjects.
Purpose of the study . .

" The area of interest .within this dissertation has been limited
to vasodilation or more specifically peripheral hand or finger

. : \
temperature increases. The therapeutic value of the ability.to-



vasodilate has been implicated in the treatment of Raynaud’s

v

syndrome (Shapiro & Schwartz? 1972; Jacobson, Hackett, Surman &
Silverberg, 1973; Kerit, 1973, 1981), and migra{ne headaches
(Sargentigwalters & Green,'l973), while some recent stddiesAhave
incorporated thermal training as an adjunct to therapy for
depression (Klee & Meyer, .1981) and in the alleviation of asthma
(Lerro, Hurnyak, & Patterson, hééO). As we11;‘v01untary
vasodilation has been demonstrated as an important factor in the
maintenance of hand efficiency and dextérit; under c61d conditions
(Hayduk, 1980). Thus, the delineation or development of mbre ’
specific strategies for acquiring peripheral: temperature
self-regulation would be\beneficfh1 in shoptsping client training
and acquisition éime, and in improving the cost[effectj?eness of the
therapist. Llastly, if thermal effectsAcould be morﬁ,consistent]y
and readily induced, it would provide a more'rigoréug test of
hypotheses that link vasomotor activity {both vasodilation and
vasoconstriction) with specific disorders (Blanchard, 1979).
Definition of terms. beripheral temperature, hand tempefature,
and finger temperature are all used synonymously in the current
study; Mot stddies tend to quantify vasodilation in terms of hand
temperature as a dependent vaf{ab]e sincq it-is both objective and
reiative]y easy to measure. However, it should be noted that the
relat?onship between hand temperature and .vasodilation is
non-]inearf\ ngera]]y speaking, as the blood vessels in the
extremities dilate tgmpérature increases. However, since hand

temperature cannot increase beyond the core body temperature (36° to

“:\
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37° C), vasodilation may continue to occur eventhough skin
temperatdre has reached a ceiling. These distinct limitations
should be kept in mind whei peripheral mpera{ure is used as an
indica£or of vasodilation in temperature self-regulation studies.
Overview of the study\ \. )

A review of the relevant literature in the arga of hand
temperature and vasodi1atiohastudies with human suﬁ?!’%s_ii
presented in chapter II. Classical condition1'7 paradigms are' first *

examined, followed by studies which 1ink emotifns and specific

attitudes to phys1o]oq1ca] changes (or more specifically, hand

~

temperatures). Afterwards a review of pertinent b1ofeedback
studies and a summary of f1nd1ngs in this area are presented. The
chapter concludes with a highlight of some of the problems and
limitations within the current research and proposes a numbgr of
questfons that are worthy of fufther investigation. ‘

I‘n chapter III, the methodé]oéy of the curr‘t study and the
statistical procedures employed to address the proposed research
quest1ons are outlined. The ana]ysis and fesu]té of t;é current
expgriment are presented in chapter IV, while chapter V contains_a
digscussion of inherent limitations related to this particular study

and the area of imagery in general. Some gdide]ines'and suggestions

for future research are also presented.



I1. REVIEW OF THE LITERATURE
Sk a

Thermal regulation studies in the areas of cldssical
conditioning, emotionality and 5§ofeedbaok are examined in this
ghapter.‘ Short summaries are offered at the end of each section.

Classical conditioning of vasodilation

’C1;ssica1 conditioning techniques have typically involved
“vasoconstriction (VC) rather than vasodilation (VD) since the former
can be readily elicited by any aversive stimulus which maintains
constant éttention, and has a threat or ngn value (Hayduk,'1979).
In a typica]Aclassical conditioning paradjgqua neu?ra] stimd]us
(such as a light or a bell) is simu]tangously preseﬁféd with an
unconditioned stimuius (UCS, such as an ice bath or hot compass) .

which produces a change in the hand vasculature. Aft&r repeated

pairings of the neutral stimulus with the UCS, the neutral stimulus * -

-

is presented alone. If the neutral stimulus elicits a vasomotor
. a » .

response consistent with the UCS, then classical conditionihg is

said to have occurred and the status of the neutral stimulus changes

~ 2

to a conditioned stimulus (CS). e

‘

Only a limited number of studies have been conducted to examine

~N
t

the feasibility of classical conditioning of the vasodilation
Eesponse, and are presented below. In general, results have not

béen gromisind, and thermal effects were reported as either

. M | o {
non-existent or limited Yn magnitude and duration.

A Russian investigator, Lisina (1965), was one of tht first te .

>

succéssfu]]y demonstrate a VD response through an operant-respondent
éverlap paradigm (Keller & Schoenfelq, i950)‘with human subjects. «

\)
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She initially subjected her neive S9 to a continuous dermal electric
shock thatvproduceo‘a strong VC response which was accompanied by‘
brief oeriods of spohtaneous VD. When VD occurred, the shocks were
terminated. After 80 such terminatigns, a conditioned VD response
.was not evident. However, when subjects were allowed to view a
?1ethyshograph of changes in their peripheral blood flow (in other
word{ provided with blofeedback), they were able to control their
vD responses and thus ab]e to‘term1nate the shocks

Menzies (1937) 1nadvertant1j demonstrated that othe:Jfactors.
1nf1uenced voluntary vasomotor control. In one experiment, after
four subjects had been conditioned to vasoconstr1ct upon
presentation of a CS (such as a bell, buzzer or nonsense word), they
*were instructed to recall or think about a visual substitute for the

' -

ice-water stimulus (UCS). Three subjects produced a Ve response

while .one responded by vasodilating.

)

o

A later investigation by Menzies (1941) along the same thehes ©
of his earﬁer study, found cohsistent VC responses in subjects who
had been conditioned through 40 pa1r1ngs of a compound vocaL)and
light stimulus with an ice-water: bath but not with subjects who had
been presented with a_singular-ﬁype CS (such ay i]]uminated patterns
of X’s or.self-produced visual ihagery of the X's). It was noted
that seven subjects were able to inf]qence their hand temperatures
throdgh visual imagery of cdﬁd or warm 1ife events. Ona subject

reportedly 1ncreased his hand temperature by +0. 4 % and decreased

it by -0.4 c® through 1magery o T



A more recent study by Hayduki(1979) aiso incorporated an
operant-respondenf overlap training procedure in teaching six normal |
subjects to vas?ﬁi]ate. The CS consisted of two aspects, 7involving
warm imagery and a nonsense word "wek." fﬁe UCS-was a rubber glove
complete with drainage holes which was worn over the hand and had
warm water flushed through it at appfopriate moments. Subjeéts
whi}e weafing this glove, Qere asked to coénize imdges related {o
warmth, and then say "wek." Immediately afterwards, warm water was
flushed through the glove.. Thus "wek" énd mental imagery were
supposedly conditioned to physical sensationg of warmth. The
conditionéd vasodilation episodes laste? approximately“20 secongs
and produced téhperatdre changes in the order of 1/2_C°. Hayduk
also found that self-generated warm imagery resulted in longer
periods of VD (which coincided temporally with the imagery) although
thé magnitude of temperature Ehénge was much smaller (approximately
1/4 C°)."The c]assicﬁ] condifioned VD response was later used, as a
starting point for b%ofeedback training for Wand warning (Hayduk,
1980)l Subjects were trained over_af%eriod of days or wéeks until .
an unbreakable plateau had been reached. In addition to the
- biofeedback training, Ss were also encouraée& to "play around" with
finger temperature, to practice fréquenf]y throughout;the day
without feedback, and to later engage in finger movements and manual
dexterity tasks qhile'simu]téneously maintaining high hand
temperatures. An incidental attembt'to determine the magnitide of
temperature control was made at the concfhsion of training‘gnd
-indicated a mean temperature change of +3.16 c® (range 2.0 to

-
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4.2 % SD= 0.77). Hayduk (1980) suggested that these results
should not be considered as a maximum as initial hand temperatures
were high (mean= 30.8°.C, range 26.1° to 33.4° c, sb= 2.5 ¢°) and
training effects were therefore limited by a ceiliéé effect.
Self-reports of hgndwarming strategies wefé’high]y idiosyncratic and
revealed only one Epmmon t@eme related to imagery. That is, most
subgects used either self-induced thermal imagery or imagery of the
glove dﬁring the conditioning phase of the experiment.

Wiedel (1983) attempted to replicate aspects of Hayduk’s (1979)
Study but aL&o controlled for the influence of somatic maneuvers on
hand temperature by monitoring EMG levels on the forearm flexor
area. (Studies, reviewed later in this chapter, have implicated
muscular activity as a ﬁossib]e media;or'bf periphe}al temperature
reguiation.) }u Weidel’s study, 25 hormals were placed into either
a biofeedback group or one of two classical conditioning groups. ‘
The biofeedback group consisted ;f nine subjects who each received
five days of traiqing using an ABAB desigﬁ.' A daily session
consisted of five training tr}a1s of #gur minutes each, interspersed
with 4-minute ba;e]ipes. On days 3, 4 and 5, no feedhack was

< provided on the last trial. Feedback consisted of a visual meter 1
and auditory;beeps for chahges in the positive direction.: One |

classical conditioning groqu(CCI, n=9) received a 1000 Hz tone for
heating pad. Five trials were conducted per day over four days.

Assessment of the conditioning effects took place on trial 5 and ?n

day$ 3 and 4 when the CS was presented alone. On day 5, the CCl

’
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gro&p was provided with biofeedback, but the CS was presentedqﬁriﬁr
to each trial. The other’classipal condition group kCCII, n=7) was
altowed to chose a word (CS) wh$§h was presented on a slide,
pfojector before and during a four minute éppliéation'of a heaiing
pad. Trials varied over four days and a mu]tib]e bése]ine ABAB
design was also utilized. . ' |
Wiedel (1983) found no evidence for CS-CR associations for any
of the subjects in the classical condition groups, and the addition
of biofeedback on day 5 did not resulf in tempegature increases.
These results afé in contrast FoiHayduk’s (1979) findings and Wiedel
isuggests %hat-more ﬁiirings may be required to obtain a stronger
. CS=CR effect. dThe biofeedback group, on the other hgnd, by day 3
produced consistent increases in temperature of +1 F® or more above
baseline. fhese increases occqrréd at trials 1 or 2, bht would not
increase further within the session. A similar incréaﬁg in
temperature in the non-dominant hand was noted while EMG‘decreased.
Other differences between Wiedel’s (1983).and Hayduk’s (19805A
results may be related in part to differg;céﬁ in the extent dé
biofeedback training fo™owing the conditioning perisd."Hayduk’s
subjects were trained until a plateau was reached while Wiedel did
not attéﬁpt to maximize temperafﬁ?ﬁ training fo]iowing the
conditioning phase, although some extended traigjng with four

subjects in the biofeedback group'anbther five days did not produce

any additional }earning effects.

<
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Summary: Classical conditioning studies
Evidence in the above studies to support the efficacy of

classical conditioning of the vasodilation response is rather
1

Timited. It would appear thatorespondent conditioning at best

~

produces only small order temperature increases which are episodic
in nature rather than sustained. These miniha] episodic thermal
effects are likely to restrict the clinical utility of classical
conditioning paradigms. Other 1imitations, such as the physical
characteristics of the conditioned stimulus may also hioder the
transference of learning effects to an environment outside of the

laboratory (Taub, 1977). Thus, other approaehes to thermal .

.regulation need to be gonsjdered. Interestingly, many of these

12

studies indicate, at least indirectly, the usefu]ness of imagery in
assistind or possibly mediatiné thermal effects.
| Emotions
Psychological interest in peripheral skin temperature predates
the advent of biofeedback technology. Earlier inveftigators were

interésted 5n the physiological corre]até& associated with various

emot1ons (Sternbach 1966) and the effects of hypnotic suggestions,

A

autogenic (AG) training U cognitions (either smgular]y ‘9r in
various comb1nat1ons) on peripheral skin temperature .
Mhtt]emann and No]ff (1939, 1943) noted that skin temperatures
of pat1ents (with® Raynaud s syndrqme_pr undergoing psychotherapy)
dropped when emot1ona1]y ladened topics were discussed. Initially,
203 ob§ervat1ons were made on a sample of 47 su qects (19 males, 28

fema]es) and it was found that emotxonal stress prgduced a decrease

®
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in all but three obsenvatioﬁs with two subjects (Mittlemann & Wolff,
1939). Temperatures were recorded by a.ﬁardy radiometer on the
dorsal side of the phalanges. A second report based on five °
patients who had received 50-minute interviews five times per week
produced similar results (Mittlemann & Wolff, 1943). Patients in
the, second investigation were also asked whal emotions they.had
experienced during the interviews. The greétest decreasgg ini
temperature were associated with simultaneous frustrations related
to mate, psychoanalyst, or parents. Other emotional stress, such
as, anger, humiliation, embarrassment and jo¥ with anxiety were also
associated with periphera] temperature drops,.while temperétureq
increases were reportép when subjects expressed sexual excitement.
D. Graham (1955) and his associates (D. Graham, Stern &
Winokur, 1958; Stern, Winokur, D. Graham & F. Graham, 1961; D.
Graham, Kabler & F. Graham, 1962; D. Graham & Kunish, 1965) have
\also sought to delineate the physiological corre]ates of variou§
gemotioﬁs or "attitudes." An attitude was defined as having two
components. The firsf consisted of a subject’s self-perception of-a
given life situation and the sggpqd component invoived their course
of action in régards to that situation (Stern et al., i961). It was
hypothesized that sach attitude had its own specific set of
phiﬁjologica] cbrrelate§ and that the attitude associated with
Rayhaud’s disease was "hostility," hives with "mistreatment”.and

. eczema with "frustration" (D. Graham, 1955). D. Graham (1955).

- working with- 19 outpatients with various skin disorders (Raynaud’s g

disease, eczema, hives ) found during 32 experimental interviews a

%
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mean decrease of 0.8 % associated with the attitudes o% frustration
Bxange 0.6 to 1.2 €°), and hostility (range= 0.3 to 1.2 %), while
apprehension/tension (associated with reactive hyperemia) produced a
mean decrease of 0.6 c® (range 0:3 to 0.7 Co).'

D. Graham et al. (1958) tested the hypothesis that each
attitude produced its own specific get oféphysio1ogica1 changes.
More specifically, a hives attitﬁde would produce a rise in skin
temperature, a Raynaud’s disease attitude would produce a decrease
in skin-temperature and alhypertension attitude should be
" accompanied by an increase in diastolic blood pressure (BP{. An
original sample of 22 paid normal males was used but fhis was later
reduced to eight due to expe?imenta] ghidelines which deleted tﬁials
when original hand temperatures Qere below 30° C or if hand - \i
temperatures had decreased by 1.5 c? prior to the start of the \\*
experimental manipu]atioﬁ. Measurements included a sphygmomanomete
on the right arm,_tﬁer%i§f6Fs on the forehead and dorsum of the left
hand, pulse rate, and respiration rate. Trials began with a

10-minute relaxation period, followed by 10 minutes of hypnotic

*

:induction’(via the ocular fixation method) and,énded with 10 minutes °

~of physiological rgcordings of the induced attitude.f.For example,';
) the}hiﬁes attitude was induced by first recalling a situatioﬁ wherg
one felt mistreated but had noﬂrecourse.’ Tﬁeﬁ\this’imaginary
s;tuat1on was descriﬁed for the subJéct and the induction was
completed by telling the subject that he was about to be burned by a
match (at which point, the authors/experimentors would touch him

o
with an unlit match) whilst repeating yoq will feel

i
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‘; bmistreatedi..you just have to take it" (p. 449). Twenty two

LS

experimental sessions were completed and 41 attutude suggestions
were made.

Results based on the slopes of graphs indicated that the hives
attitude tended to be associated with a rise 1n hand temperature
{(but not S\gnifiéantly above control levels): the Raynaud’s
attitude prodﬂced a stable flattish slope whereas the slope of the
_hypértensive attitude was somewhat inbe{ween the slope; for the
hives and Raynaud’s attitudes. No significant differences were
noted for systolic blood pressure (SBP), pulse rate (PR) and
respiration rate (RR). The mean hang temperature change was
+0.11 €% at nine minutes while the-Raynaud’s attitude produced a
decrease of -0.29 . Temperature changes measured on the forehead

4 ‘were not considered important bécause of minima] variance.

This study is fraught with methodologic 9l conceptual
weaknesses. Although‘hyahasis was used, the effécts of depth of
trance w;s not considered. Decreases in temperature, after a rise
during the relaxaiion period, were likely due to a startle or
orienting response (Soholov, 1969) initiated by the experimenter and
could account for decreases as well as increases in observed
temperature.changes. If an inadequate period of time had transpired
hefore measures were taken, the habituation process may account éér
incrcases in hand temperature. A cooling effect might'be qgepkved

;;if the startle reflex had not yet stablized. As well, the '

operational definition of hives is somewhat suspect and the



conceptual relationship of specific attitudes to skin disorders 1s
questionable.

Stern et al. (1961) also tested a similar hypothesis relating
psychological attitudes (emotions) and specific physiological
symptoms. Three attitudes associated with hives, Raynaud’s disease.
and essential hypertension were tested. Hives and Raynaud‘§
attitudes were used to attempt temperature reversals. Besides
temperature, other physiological variables such as SBP, PR, and RR
were again monitored. Each session began with a 10-minute
relaxation baseline, followed by 10 minutes of hypnosis and attitude
induction, another 10 minutes of relaxation and finished with 10
more minutes of hypnosib and attitude induction. Hypnosis was
considered only as a technical aid in this experiment. Although 45
hypnotic sessions were conducted with 22 normal males, the final
data analyzed was limited to 18 subjects and 28 hypnotic sessions.
Results indicated a lack of relationship between SBP, PR and RR with
the three attitudes tested. Attempts to produce an absolute rise in
hand temperature in opposition to a falling trend were unsuccessful .

‘The hives'group could reverse a falling trend but were unable to
exceed control temperature-levels.
'

D. Graham et al. (1962) again attempted to further test
variations of their earlier specificity of attitude hypothesis for
psychosomatic disease. Attitudes tested were associated with hives
and essential hyperten%ion. The experimental ses§ions consisted of
a 20- to 45-minute baseline, 10 to 25 minutes of hypnotic induction,

10 minutes of relaxation instrugtion (a control period), followed by



another 10 minutes of hypnotic Jnduction and ending with a second
10-minute control comparison period. During the hives induction,
subjects were told that they felt mistreated but ‘were powerless to
do anything about it. In addition, they were also told that théy
would also be burned by a match and were then touched with an unlit
match by the experimenter. Apprehension was felt to be ¢
characteristic of hypertension and subiects received hypnotic
suggestions that they "might be attacked or hurt at any instant”
(p.161).> Treatments wereﬁpregented in a counterbalanced order, with
half of the Ss receiving the hives attitude induction first,
followed by the hypertensiosn induction, while the

other half received their treatment in a reverged order. Exclusion
criteria (which included: [a] a drop of greater\phan 1.5 ¢% in skin
temperature during the first baseline prior to induction, [b] a skin
temperature drop to less than 30° C, [c] claims of not beind
hypﬁbtized during inductions, and [d] sudden rises in temperature)
resulted in five fewer subjects (with a final sample of 15).

Results indicated very modest changes in temperature (maximim

Q@

changes of 0.119 ¢® and 0.943 C°, with a mean temperature change of
+.023 and -0.07 Co). The authors felt that temperature increases ‘
were minimized due to the relatively high initial skin temperatures.
No differential effects any instant” (p.161). Treatments were

presénted in a counterbalanced order; with half of the Ss receiving

the hives attitude induction first, followed by the hypertensiosn

induction, while the other half reeeived thdir treatment‘in a

reversed order. Exclusion criteria (which included: [a] a gdrop of
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greater than 1.5 ¢ in skin temperatute during the first baseline
prior to in&uction, [b] a skin temper;ture drop to less than 30° ¢,
[c] claims of not being*hypnotized during inductjons, and [d] sudden
rises in temperature) resulted in five fewer subjects.(with a final
sample of 15).

Results indicated very modest changes in temperature (maximim
changes of 0.119 c® and 0.043 Co, with a mea tempekatufe change of
+.023 and -0.O7 éa). The‘futhors felt that Kemperature increases -
were minimized due to the relatively high initial skin temperatures.
No dtfferential effects were noted for SBP, HR aﬁd RR. wgzknesses
wlthin this study were similar to those noted in their.earlier
studies (D. Graham, 1958; Stern‘et al., 1961) where hypnosis was
not cgzsidered as an influential variable, exclusion criteria wére
questionable and the conceptual va]idity regarding specific
attitudgs and physiological variables was suspect.

F. Graham and Kunish (1965) later addressed the role of
hypnosis in attitude suggestion in two expé;iments. They attempted
to replicaté earlier studies but compared the pérformance of
hypnotized and non-hypnotized Ss under the attitudes associated with
hives and hypertension. Earlier findings had indicasfd a small
increase in skin temperature and diastolic BP during hives and
hypertension inductions, respectively.

In their first experiment 20 normal males were subjected to a
45-minute stablization period (during which the Yeft hand was
immerzzd\in a33%¢ w;ter'bath) tﬂen hypnoiized. The usual'

exclusion criteria of a drop of 1.5 c® prior to treatment and a hand

<
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«temperature below 30° C were used. Although the only measure which

differed significantly was systolic BP, the authors contend that the »

results from this experiment did suggest that waking and hypﬂottzed

subjeg¢ts displayed diffeféhtia] responses in relation fb the \
treatment. The aythors indicated that the mean temperatures of the
control group was very high (>340 C) and may have diminished the
treatment effects. Maximum rises recorded under hypnosis were +.043
and +.199 C° for hypertension and hives, respegtive]y, while dnder
waking conditions, maximum rises were .088 and .109 c?,
respectively. -

| In their second experiment (F. Graham & Kunish, 1965),

volunteers for a hypnosis exper4 ent were compared to volunteers for
a non-hypnosis experiment. Sessions consisted of a relaxation
period, hives induction, a secand reiaxétion peribd and ended with a
hypert;;sion induction. In this study, the hives induction did not
include the use of the "burning match suggestion.” Result
indicated no diffecgeces between the two groups. Maximum r¥s€s with
waking subjects were +.086 and +.177 c® for hypertension and hives,

. respectively. _

A more recent look at the relationship of cognitively induced
emotions and hand temperature was conducted by.Crawford, Frieseg and

Tomlinson-Keasy (1977). Hand temperatures of 40 norm;fk (who had
been randomly assigned to either an anxiety or pleasant condition)

were monitored during their discussions of anxiety producing or

pleasure related topics.. Results indicated a significant decrease

in hand temﬁerature for the anxiety group (mean=¢-4.3 Fo, range.+0.1
. -
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to -9.5 Foi when chapared to the pleasant group (mean=.-1.7 F",

17

range +2.8 to -4.8 Fo). The magnitude of temperature change was

unrelated to subjects’ self-ratings of the intensity of anxious or

\ -
*pleasure related topics.

-

Summary: Emotions
As pointed out earlier, the series of studies conducted by D.

Graham and his associates were frauéht with conceptual and

~/

methodological shortcomingg. The conceptual V§1idity of specific
attitudes being associated with particq]ar psychosomatic disordgrs
is questionable. For example, how was the re]ationchip between
hives and the attitude of frustration derived? Use of warm water
baths influenced baselines and may have caustd ceiling effects.
Attrition of ;ubjects due to drops in initjal hand temperatures and
below a specified baseline also served to 1ihit the variance of the
daca‘co11ected. In. addition, the role of hypnosis had been {arge]y
neglected, ﬁnd‘despite the latter study (;. Graham & Kun{sh, 1965), ¢
its influence in affecting physio]ogica] changes remains unclear. °
However, these studies concerning emotions do suggest that hand
tehperature can be influenced indifcctly through the cognitice
-manipulation of emotions. <
Bibfeedback, studies P | . v
Biofeedback training of peripheral thermal regulation has not
generally been a matter of simply providing subjects with feedback
and allowing them to pr@cede on their own accord Feedbac;\?rom | .‘

peripheral skin sites owes 1ts clinical applications to a *

serendipitous finding that recovery in a patient during a migraine

. -
. -
© . -
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ﬁeadache was accompanied by a rapid and large increase in hand
temperature (Sargent, Green & wa]ters, 1973). Thg ﬁethsd developed
by the Menninger group called aytogenic feedback therapy, consisted
of au(pgenic (AG) training (Luthe, 1965) in'cqnjunction with.

te rgture biofeedback. The autogénic training component iﬁvolved
B;%ffsggtoncentration on AG phrases which focused sensations such as
heaviness and warmth to various parts of the body. Therma] imagery
which often occurred spontaneously during AG training was a];é
frequently incorporated into the overall training as well.

The general goal in peripheral skin temperature contro] has
been to produce temperature increases that aqs']arge enough to be
clinically significant and therapeutically useful. Early research
involved differential temperature monitoring or simultanecus
feco;ding of temperatures from two sites (for example, right and

left hands, or hand and forehead) where subje&ts were required to

raise or lower the temperature of one site relative to the other.

Later research has focused primari]y on temperature regu]htion from

a single site, usually the hand or finger. Difficulties in -
demonstrating reljab]e temperature training effects has encouréged
research aimed at evaluating the bjofeedback éroce;s and the
contribution of varioys components to the acquisition of valuntary

control. This review attempts to pértia] out facjors that are.

thought te enhance training effects and concludes by discussing some

-~

/

"]

of the current problems in the area.

.
-
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A'v Instructional variables

’ \'A number of studies have§bxamiixjtne relationship oetween a
variety of instructional sets, biofeedback and thermal changes.
These include hypnosis and\re]ated phenomena, response-specific
instruyctions, awareness,'subject expectations and mqtiuation.
Hypnosts and biofeedback . : : ’a/a'v

An early study by Roberts, Kewman and MaeDonald (1973)
investigated the effects of hypnosis and feedback on differential®
hand temperatures. Six highly nypnotica1]y talented subjects were
given 5 to 9 traipning sessions prior to 3 experimental sessions. In
the initial tralnlng sessions, blofeedback was not provided.

Subjects had warm and cold pads placed on their hands for a%ew
minutes and were then asked to maintain hand temperature | \¥.
differences. - Later training and experimental sessionS'invo]ved

t
phone on the headset) as temperature increases in the_ left or ridht

tonal feedZaok(”h{\h moved synchroneous]y from the left to right ear
hand occurred. sults indicated that four of the six subjects were
able to aceompli h tnis}task kmean differential temperature=

1.98 C range 0. é £6'z 96 C°) -However, since a rariety of
strateg1es was employed to produce the same desired drfferent1a1
temperature response (some‘subjﬁtts ]owered the temperature in one
hand while holding the other constant‘ or cooled or.warmed both
hands at different rates, or diverged the temperatures of both
hands) the data is not readily interpretable. The authors suggest
that individual differences in regulatory abilify were apparent and

also suggested that hypnosis or depth of trance may not be as



important in learning to self-regulate physiological processes as
motivational and train;ng variables, and the ability to alter one’s
state of consciousness. Limitations withip this study were related
to a lack of non-hypnotic controls, a small and limited samp]g size,
~ an ‘absence of baselines and the non-monitoring of gross motor EMG’s
for possible somatic mediation. .
The hypo£hesis that"hypnofic susceptibility and capacity for
absorption would enhance autonomic learning was tested in a later

1 ,
study by Roberts, Schuler, Bacon, Zimmerman and Patterson (1975).

‘thpnotic susceptibility and capacity for absonRtion were

operationalized as scores. on the Group Scale of Hypnotic
.Susceptibility (Roberts & Tellegen, 1973) gnd the Tellegen
Abso}ption Scale (Tellegen & Atkinson, IQZn
supporEgd the above contentions (Roberts, Kewman & MacDonald,. 1793)
and indicated that peripheral température could be controllédo
voluntarily. However, no relationship Qas fouﬁz between hypnotic
susceptibility, absorption capacity, and autoncmic control. The
fombinaiion of auditory feedback and hypnosis together makes it \
difficult to ascertain the tontribution of b{ofeedﬁacktto the
over;]l.training effects. As an aside, it was also found that
somatic activity in the foﬁéarm énd_hand was not associated with
peripheral temperéture changes. ‘

~ The contr?butiqn of hypnosis to thermal ]earning effects ;;§
further examined in a more recent study by Crossman (1980). He

compared skin temperature control during hypnosis under four

condiiions: biofeedback alone’ suggestion and imagery;

4), respectively. Results

20



biofeedback, suggestion and imagery; and relaxation with false
feedback (control). Subjects were 36 female undergraduates who were
" first given‘g video-recorded version of the Harvard Group Scale of
Hypnotic Susceptibility, Form A (Shor & Orne, 1962) qu then
stratified';ccording to levels of susceptibility and randomity

. . <
assigngd to one of the four groups. Each subject received 4

. . :
experimental treatments on 4 consecutive days when possible (maximum
span 8 days). For additional incentive, two $10 rewards were
announced for subjects displaying the greatest temperature control.

~ .
"Sessions began with a 5-minute adaptation period which involved the

subjecfsﬂin a distraction task' (observing 5-digit numbers on a

screen) and was followed by 10 minutes of hypnotic induction. pas

Subjects then received 20 minutes of treatment appropriate to their

group assignment. A%l treatments were designed to maximize thg

differential temperatures between the dominant hand ard the

forehead.
e

Crossman (1980) found that temperatures rose immediately prior

to and during the hypnotic inductions, and that subjects with lower

AN L4 <

baselines tended to show greater increases in differentia
temperature.-Both the biofeedback group and the.feedback-éuggestion
group demonstrated better dinerenti;1 temberature control than the
suggestion control and false feedback control groups. Hypnotic
susceptibility hadrno definable influence on temperature control.
Howevér, a majof flaw in this study involved the use o? a
aistractibn,ta§K during a very short (and inadequate) adaptation

period, which could have increased autonomic arousal (orienting

- ' AN
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response) resulting in initial température decreases. Thus
temperaturg_changes observed during hypnotic inductions could be due
to the absence of arogsing stzmuli and habituation to the
experimental situation. Estimates from tables presented by the ¢
" author show fingef temperature changes on day 4 in the order of +1.5
and +0.8 F for the pibfeedback alone and the feedback-suégestion
groups, respectively. - . g /
Summary: SHypnosis and thermal changes |

Since these studies fai]ed to separate hypnosis related
activities and biofeedback training, the individual contribution of
each of these variables jo thermal training is not c]gar. A]thougﬁ
tentatively speaking, it would appear that hypnosis, hypnotic
susceptibility and capacity for absorption are not'necessary .

conditions for developing voluntary contrel of peripheral

temperature.

7.

Response-specifig‘instructions

A" number ofbstudies have examined the influence that specific
instructions (regarding the target response) might have on
abquisition of voluntary skin temperature‘control.

Keefe (1975) attempted t0»clérify the specific contribution of

biofeedback to thermal training. Studies to this pojint

historically, had incorporated hypnosis, suggestion and thermal
e ) @

imagery (RobertsAet al., 1973; Roberts et al., 1975) in conjunction
with biofeedhack. Two groups of four male undergraduates were

. . - ) : ’ + \
~instructed simply to increase or decrease their finger temperatures

relative to their foreheads.  As well, subjects were cautioned not
- -

v -
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to alter their respiration rates nox to engage in unnecessary
movements. Feedback gonsisted of auditory tones and a teTevision
presentation of a Fhermometer which indicated increases-and:
decreases in finger temperature. Ss received twelve 15-minute  °
traininglsesgions over 12 consecutive days. Training sessions
consistéd of a 5-minute rest period fof which the last 3 minutes
were bagé]ine) and 10‘minute§ of feedback. Results jindicated that
all subjects could regulate temperatures in.the specified direction.
Mean ab;o]ute temperature changes at session 12 were +1.7 F° “for the
increase group, and.-1.2 FO for the detrease group. Post hoc
inspection of the training sessions revealed that ;ubjects by the
end of the fourth session had deve]obed little control overg&heir
d;gital temperatures, bﬁt by sess%on 8, témperatqre control had-.
become evident. In commenting on iHi; study, Keefe (1975) suggested
that control groups receiving biofé;dback alone and instructions .
alone were reauired‘in future research. ; .
»In a.subsequent .study, Keefe (1978) resumed his investigation
into the céntributiops of biofeedback And instruc?ions to thermal
self-regulation. - Sixty female subjgcts were div1$ed into six groups
which compared the training effects of (a) responie specific -
instructions éRI) alone, (b) RI p]ﬁs biofeedback (BFK), (c) thermal
suggestipné‘(T) alone, (d) T plus BEK,_(e) rest a]one}/and (f) res§

 plus BFK. Specific instructions involved describing to the subject

the exact nature of the task. The thermal suggestion group was o

instructed to repeat an autogenic-like phrase "my right:a?m is warm"

while the rest group was required to sit quietly. Sdbjects received ~

23



five training sessions which consisted of a 10-minute base]iﬁe
followed by a 10-minute treatment period where continuous auditory
and visual température feedback were provided. Keefe found that
groups b, ¢ and d were able to produce consistent digital
temperature changes after four training sessions. Magnitudes of
change ranged from 1.5 to 2.0 Foidegrees.

Vasilos and Hughes (1979) also examined the role that direct
instruction, autogenic instruction and. relaxation played in the
acquisition of hand temperature self-regulation with a male pfison
population. Sixty prison volunteers were raqdcm]y assigned to 1 of
6 conditions: (a)*direct instruction, (b) direct ipstruction and
biofeedback, (c) relaxation tape, (d) fg]axation tapé and
b;ofeedback (e) autogenic‘suggestion, (f) autogenic instruction and
biofeedback. Subjects received both auditory and visual feedback
during twh training sessions conducted over a period of 3" days. A
15-minuté adaption period andga 15-minute baseline was taken prior

to training. Both high and low baseline groups shewed significant

‘increases in skin temperature although no significant effects were

noted as.a function of either feedback or instrucfional'sets. Peak

AR

temperitu}e changes ranged from +3.12 to +1.49 F®. The authors
indicated that more training sessions may be needed in future
researcﬁ and that mean peak temperifure'changgs were inaccurate
indicatdrs of temperature control as*many subjects reached maxiﬁum
. tgmpératures early and returned to near baselines by the end of the

24-minute sessions. As well, Vasilos and Hughes suggest that

v
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initial baseline temperatures determined to some extent the
magnitude of temperature increases (because of ceiling effects). ‘ ‘(5

Surwit and Fenton (1980) campared the traieing effects of
autogenic ;nstruction alone (AG) and autogenic instruetion p]u;
biofeedback (AG+BFK) with a clinical group-“?\%4 females with
idiopathic Raynaud’s disease. All subjects rec@ived six training
sessions(which conststed of a 10-minute adaptation period followed
by a 3-minute autogenic tape and instructions to repeat an autogenic
phrase every 15 seconds when signalled by a tone. Half of the.
subjects received hand temperature biofeedback information during’_
the AG recitation phase of training. In addition, all subjects were
provided with a copy of the AG training audiotapes ;nd asked to
practice 15 minutes twice per day. Equivalent home practice with
“liquid crystal thermometers.was also encouraged in the biofeedback
group. Resultsbshowed that hand temperatures ianeased for both
~groups during two 85-second segments th]e they were ]istenfng to
the AG tspes, but.once)és reacﬁed the recitation phase‘of training,
hand temperatures decreased rather'than increased. Hand o
temperatures decreased{an average of -1.6 C° for the AG group while
the feeeback group;‘dropped by an aveﬁﬁge of.-O.S\Co. Surwit and
’Fenton interpreted these results as supportive of b{ofeedback,’in_
that” the feedback served to minimize temperature decreaseszby acting
as a reinforcer, while greater temperature,decreases in the AG group
were thought to occur due to a 1ack of reinforcement

Surwit and Fenton 3 {1980) results are diff1cu1t to 1nterprete -

A

in the absence of a normal control group, It is quite poss1b1e that
T | R



Raynaud's disease patients react differently to autoqgenic
instruction and biofeedback, and that the laboratory situation may
fhave been stressful for them.

Awareness

In contrast to the Keefe studies (1975, 1978), other authors
have questioned whether awareness of the target response yn
temperature training is a necessary condition or not. Guglielmi,
Roberts and Pattersgn (1982) and Kewman and Roberts (1980) in their
reveiw of the area suggested that awareness of the target response
was not a necessary condition in biofeedback training. Towards
supporting this view, they point out that the success of animals.
studies employing biofeedback preclude awareness as a learning
factor, and that "what is true for rats aTgo applies to humans”
{(Guglielmi et al., 1982, p. 117). As well, information gatqyrgd for
a task force of the Biofeedback Society of America (Car];én, 1@78)
addressing the same issue had indicated that in the majority of
Astudies, awareness was not necessary and in some cases, may be
detrimental in the training of humans in HR, EEG patferns, GSR and
fjnger pulse volume. Basic conclusions were that non-awareness
bnoduces results that are at least equal to or better than those
obtained with awareness.

Using thé above rationale, Guglielmi et al. (19823} and Kewman
and Rbberts (1980) employed a double-blind procedure to study the
effectsvof temperature training on patients yith primary Raynaud’s

Qfsease and migraine headaches, respectively. ‘Hand temperature

increases with this experimental design w3§e small. Guglielmi
. e



et al. reported an average of +0.537 c? per session (n=36) while
Kewman and Roberts reported a mean increase of 0.7 C° for
successful learners and 0.3 C° for non-successful learners (n=34)"
Support for specific treatment effects of temperature training for
symptom relief of Raynaud’s disease and migraines was equivocal.
This fiqqing may have been related in part to the very small
magnitudes of change obtained by the subjects, as post hoc
regrouping of Ss by Guglielmi et al. indicated that greater symptom
reduction was positively associated with increasing magnitudes of
temperature changé. These studies suggest that awareness of the
target response may not be necessary in temperature training per se,
but that temperature gains without awareness are likely quite
minimal.
Expectation and motivation

The effects of task difficulty and motivation on incréases in
peripheral skin temperature control were examined by Bergman and
McAllister (1982). Forty-seven subjects were randomly assigned to 1
of 6 conditions which involved either thermal suggestion or no
suggestion (task difficﬁ]ty) and 3 levels of monetary incentives or
motivation ($.00, $.25 or $.50 for each 0.1 F° rise). Subjects
received 3 tr;ining sessions with each session consisting of sixteen
50-second trials interspersed with 10-second intertrial periods.
Results of this study suggested that Ss under moderate motiQation
($.25 per 0.1 F°) and provided with thermal instructions (task easy
condition) were able to raise finger temperatures better than a

-

combination of no money, or $.50/0.1 FO and thermal suggestion.

~



Support for the Yerkes Dodson law in temperature training was
suggested by the authors. However, it should be noted that
methodologically, that short discrete training trials likely hinder
the acquisition of thesmal self-regulation (Andrasik, Blanchard &
Pallmeyer, 1982) and thatythese results may be con%ounded due to
\1nadeqdate tra?ning procedures.
ummary: Instructional variables

The above studies suggest that biofeedback assisted thermal
training can be maximized if subjects are informed as to the exact
nature of the task by direct and simple instructions. Awareness of
the target response also reduces the length of the training period
required to attain similar magnitudes of temperature increase when
compared to unaware training conditions. Hypnosis does not appear
to be a necessary instructional condition for thermal regulation.
Lastly, manfpulation of task difficulty (or expectations) through
instructjons may influence training outcomes.
B. Situational variables '

Several investigators have attempted to maximize volu;tary
thermal control of the extremities through
the manipulation of the physical properties of the feedback signal
itself or the training environment. Visual, auditory, discrete,
analogue and panel meter types of feedback have been examined as

wall as indoor versus outdoor training, varied ambient temperatures,

schedules of reinforcement and length of traiping.



Feedback Modalities
Two experiments by Surwit, Shapiro and Feld (1976) explored the
agility of normals to self-regulate hand temperature with visual
feedback alone. In their first experiment, two groups of eight.
subjects each were provided with visual feedback from the
non-dominant hand (via a panel meter) to either incre;se of decrease
their hand temperatures. In addition, Ss recei:éd monetary
incentiveg ($.25 per 0.1 c® change) for temperature chénges in the
specified direction. Following two baseline sessions of 45 minutes
each, subjects received 5 or 9 days of training. " Each training ﬂ§\\;
session consisted of twenty 75- second trials with a lb second‘%
intertrial period. Verbal 1nstruct1ons were limited to an
explanatton of the biofeedback equipmen:, the importance o( relaxing
and to think of hands as warm or cool. Results indicated that the
decrease group experienced more success (mean= -1.9 C°) than the
increase Qroup, with the best decreases showing temperature changes
up‘to -10 ¢°. In contrast, increasers raised hand temperatures:an
ave;ggé of 0.25 C° between initial and final training blocks, while
the Bést increasers could produce a change of 3.5 c® within a single
'session. Additional sessions given to half of the subjects did not
improve the training effects. ’ |
In discussing the weaknesses in their original experiment,

Surwif et al. (1976) postulated that the ambient temperature #
ut111zed (§2 .5 ¢° ) was responsible for high initial baseline '
temperatures (33 to 34° C) which limited the possiblity of further

- s 4ncreases in hand temperature begguseqof ceiling effects. A second
N



experiment with a reduced ambient temperature was conducted to test
this hypbthesis. Eight novice subjects wére trained to increase
hand temperatures under identical procedures and conditions as in
their first experiment except with a lower ambient temgérature
(19.5O C). Baseline temperatures associated with this 1oLer room
temperature averaged 29.9° C. Results of this study indicaged that
N .
no subjects had learned to train-in the coole&_room and that hand
temperatures had decreased an estimated average of -0.8 c® during
training sessions. In Ijght of these results, Surwit et al. 21976)
suggested that the gains observed in experiment I were redated to a
habituation effect to an initial orienting.reSponse produced by the
experimental situation and concluded that vasoconstriction was A
easier to induce than vasodilation. No sex differences were noted
in temperature regu]atioh. )

Surwit (1977) further compared the effects of a simple versus a
complex feedback display. One group (n=8) received analog visual
meter feedback while another group (n=7) were provided with visual
meter feedbgfk as well as binary feedback in the form of both 11%hts
and tones. The latter feedback consisted of four differently
coloured lights and pulsating tones that signalled increases ahd
decreases in temperature. As well, a monetary‘incentive was used to
sustain mofivation. Both groups received two consecutive days of
training. Trainisﬁisessions consisted of a 30-minute baseline

followed by tweMty 75-second feedback trials. Although actual

figures were not reported, the results indicated that most subjects
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were unable to increase their hand temperatures above base]ine. No
significant training effecls for modalities were noted.

A numbér of limitations in-Surwit et al.’s (1976; Surwit,
1977) experiments may have contributed to a negative finding
regarding learning effects for vasodilation. In the/ first study
"(Surwit et al., 1976), limiting feedba;k to a single modality
{visual) may have prevented subjects from expérimenting with ‘
mediational strategies that involved having their eyes closed, whi]e
the latter study (Surwit, 1977) presented two.extremes, in terms of
feedback, with the possiblity that neigher was optimal for training.
Lastly, the use of short disgreteAtraining trials in both studies
Tikely hindered the acquisition of temperature §e1f-regu]ation
(Andrasik, et al., 1982) and may have produced artifactuai results
which did not really address the hypothesésl Self-reports or post
session questionnaires were unfortunately abseni. Information
related to the use of spontaneous strategies, and the utility of
experimenter’s verbal instructions wouid have been helpful in
highlighting the types o% difficulties that subjects'encountered
during training sessions. . )

Continqent versus yoked feedba&k{ .

Stoffer, Jensen and Nesset (1979) compared ‘thermal traininb
effect§ under contingent feedback, yoked non-contingent feekback and
no feedback conditions with 24 internals and 24 external locus of
control subjects (Rotter, 1966). In sesSion 1, Ss were given a

pretest involving simplé instructions to increase hand temperature,

followed by a cold stressor test. Then subjects were assigned to 1

A

31



32

of 3 conditions: contingent audio feedback (CF), yoked
non—contingént audio feedback (YF), or no feegback (NF); and
recéived 5 bi-weekly training sessions, consist{ng of a minimum
YISTminute baseline (stablization criteria of 2 minutes at +/- 0.1 C)
followed by 13 minutes 6f feedback. Instructions simply asked
subjécts to ianease hand temperature by whatever mental means that -
they had. Seéssion 7 post-tested the subjects’ abilities to
voluntarily requlate hand temperature in the absence of feedback and
measured reactions to a second cold stressor test. Results

indicated that both thé contingent feedback and the yoked
non-contigent feedback groups were superior t% the no feedback group
in terms of hand temperature regulation with mean net tempgrature )
changes of 0.49, 0.50 and 0.0 Co, reported respeétive]y. Although
the contingent and yoked feedback groups did not differ
significant?y, post-test measures of Vo]untary hand temperature
control (CF= +0.39 c®, YF= +0.13 C°, NF= .00 Co)'suggested a trend
for thé CF condition to be superjor to the YF conditioﬁ\4?< .10) in
producing hand temperature increases in the absence of feédback. No
differences wer;S}oted for 1o§us of control measures. -

Hama, quamurh, Mine and}Matsuyama (1981) tested the efficacy
of several kinds of visual feedback in the self-regulation of 'skin
temperature. Twenty-eight undergraduate students -were random]y
assigned to 1 of 2 differentia[‘hand temﬂerature conditioﬁs, which
required subjects to either warm their dominant hands while cooling

)

the other hand, or to warm their non-dominant hands while coo]iﬁg

the other hand. The seven combinations tested were: (1) no



feedback, (2) flickering Tight, (3) panel meter, (4) 1ight plus
panel meter, (5) pan%] meter plus a money counter, (6) light plus
money counter, and (7) light, panel meter and money cbunter. All
subjects received each of the 7 feedback conditions in a rand%m
order over 7 sessions. Each session began with an adaptatjon_period'
(criterion: 3 _minutes at +/- 0.1 Co), 16 minutes of training
\followéd by a 3-minute rest period. All subjects received a
monetary reward for participation in the experiment. Results
indicated that subjects receiving feedback in the form of a panel
meter, a light plus panel meter, or panel meter plus a money counter
succeeded in reéulating hand temperatures in the diregtion ’
‘becified. It was suggested by the authors that one or two kinds of
. biofeedback was qptima]'and that feedback which is direct and |
detailed (as in the panel meter) Qou]d likely produce the\best
results. . " | ’ .
The study by Hama et al. !1981) is somewhat limited in that no

groups received only one type of biofeedback over the‘entire seven
sessions, and the absence of auditory feedback makeslconclusion;
regarding the efficacy of visual type; of feedback kather tenuous.
As Qel], because data was based on differential hand temperatures,
meaningful comparisons between this study and other modality studies
ére not possible. | .

~ Wiedel and Hawkins (1980) testeq the effects of white noise!'
(60dB) on the acquﬁsitiOn of‘t;hpepature self-regulation. Subjects

were 56 right-handed undg:graduates who received»two’ong-hour

~sessions on consecutive days. Each session consisted of a 20-minute
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_ baseline followed by 36 minutqg of feedback. Subjects were given
simple instructions regarding the concept of se]f—reéu]atipn and
were familiarized with the biofeedback equipmentl The presence of
white nois%.(wN) was not alluded to, for thelsubjects in the

" experimental condition. Eight groups corresponding to four feedback
conaitions (visual deflection meter and audi%ory feedback [VA],
auditory feedback alone [A],”auditory feedback b]us white noise 1eft
ear [A;NNL], and auditory féedback plus white noise right ear
[A+WNR]) and two instruction conditions (raising or lowering hand
temperature) were compared. Peak change scores for the temperature
raisers were for the VA group 2.72 F° (héan= 1.13 Fo), the A group
1.82 F° (mean=-0.40 F°), the A+WNL group 3.78 F® (mean= 1.12 F°) and
4.67 F° (mean= 2.08 Fo) for the A+KFR group. Decreasers obtained
peak temperatﬁre changes of -5.09 F6 (mean= -4.2] Fo), +0°15 F°
(mean:, +0.81 F%), -0.9 F® (mean= -1.12 %), and -1.34 F°

(mean= -1.23 Fo), respecgively.

The authors tonclude that temperature regulation in the
presence of interference is possible and that increases in hand
temperature are easier to produce than decreases. (However, a
visual inspection of the their data would suggest that evidence éor
this latter contention is eqﬁivocal.) Weaknesses within this study
are related to the limited number of training sessions, the abse;ce
of an interference condition for visual feedback, and a need ?o
query subjects regarding self-generated strategies. In addition,

the question whether white noise causes interference or forces more

directed atténtion to the feedback signals should be asked, as

34



subjécts in the white noise conditions aBpeared to out-perform Ss in
the auditory condition alone.
~ C. Feedback characteristics
Analog versus discrete |

Cross, Davenport and Nickerson (1982) compared the relative
efficacies of analog hidirectional féedback (ABD),’with disc&@f&ij)
unidirectional feedback (DUD) iﬁ thepma} training. C(ross et al. |
tested the suggestion made by Téub and School (1978) that |
temperature feedback of changes in the wrong direction be limited,
so as to minimiZe subject diséouragement or anxiety. The
experimental design utilized was ana]ggous to Car]gdn’s (1980) study
compa;ing anafgg and djscrete auditory fegdback in EMG traiﬁing.
Twenty-nine undergraduates (18 fema]eg; 11 ma]es).received four
thermal tr;ining\sessions and were instructed to produce hand
temperature changes in the oppoSite'directioﬁ from baseline trends.
One group (f2 increasers, 5 decreasers) heard a continuous‘tone that
increased with increasing hand temperature and de §eased in pitch
with de@reasing temperature (ABD). The second gyoup (10 increasers,
2 dec?easers) heard a tohe only when skin temperatures changed in
the inskructed direction (bUD). Results suggested that subjects in
the ABDEconditi;; learned more quickly although the analog condition
was”sup%rior’to the DUD conditition only in the first session. No
s%gnifipant differences were npted- in final learning effects (meé

-change-?O.Q F), although the absence of visual feedback may have

gontridﬁted to this modest outcome. Gross et al. point out that
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their results did not parallel Carlson’s (1980) finding that
-

discrete feedback was non-conducive to EMG reductions.
Continuous versus discrete schedules B

Andrasik and his colleagues (Andrasik, Blanchard & Pallmeyer,
1982; Andrasik, Pallmeyer, Blanchard & Attanasio, 1984) have made
two reports comparing‘massed (or continuous) and distributed (or
discretei sche?uie%lof_biofeedback in thermal trainingp Andrasik et
al. (198245i*t »Aéipé.vascu1ar headache sample of 18 subjects into

two groups, w‘tﬁ{eacn group receiving twelve training sessions for

-

hand warﬁing\ Procedu;es were identical for both groups, except one
group‘was presented with 20 continuous minutes of either auditory
feedback, auaitory feedback or both, while the other group received
20 one-minute traininé trials (50 seconds feedback, 10 seconds
rest). Results indicated that the continuous feedback faci]itéted
thermal training to a modest degree (mean= +0.7 Fo) while.a discrete
schedule impaired performance (mean= -2.0 Fo). Patients in the
discrete feedback conditzon reported that the frequent breaks were ¢
disrupfive to concentration and progress, while'many subjects in the
continous feedback group indicated‘that the 20 minute pefiod was too
long. —;:;;asik et al. (1982) suggest that an optimal feedbaék
schedu]e would be a compromise consisting of 4 to 5 minutes of
feedback separted by 30 to 45 second breaks.

A second similar article by Andrasif, Pshlmeyer, Blanchard and
Attanasio (1984) comparing the efficacy of continuous Jg;sus

discrete schedules of feedback in hand warming training reported

very similar results. Subjects were-18 vascular headache patients
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who had fgiled to respond to ‘Jacobsonian deep muscle relaxation.
After sampling both auditory and visual types of feedbaék, subjects
were allowed to chose-the type of feedback that they preferred.' Two

groups were formed and each received 8 training sessions and ,

. cont¥nued with home practice with either a liquid crystal

thermometer or an inexpensive thermometer. Procedures‘forsboth
groups were identical with th; exception that one group wgs
presented with a single block of 20 minutes of éeedback, while the
other recgived twenty 50-second feedback trials with a 10-second
intertrtal period {as outlined in Tadb & School, 1978). The
experimenters also ipstructed’Ss to adopt a passive volitionglf
stance of letting, rather than forcing the response<to occur.
Results indicated that a continuous schedule was superior to an
interrupted or discrete schedule in terms of hand warming effects.
The continuous group increased mean hand temperatures by an
estimated 0.7 F® whit® the discrete group decreased hand

temperatures -2.0 F° over the same training’period. The conclusions

2

f§om this study should be treated tentatively, as the continued use
) . \
of medications by ail bus four subjects, and the yariations in

feedback chosen by the sJ??ects tend to confound the interpretation

of the data. = Further research with normal subjects using a similar

paradigm woﬁ]d be benifical.
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Y
D. Training: $1tuational variables

Mono- versus bi-directional training

¢ Funk and Wiedel (1981) compared thermal training effects
produced by monodirectionaf and bidirectional finger temperature
thajqing. Althodbh all subjects received three sessions, only the
first two were focused on tréinihg. A control group of 10 Ss were .
instructed to raise hand témperatd}es on]j\ﬁ@i]e 11 Ss in the
bidirectional grbup raised and lowered hand temperatures on
alternate tra1n1ng trials. Eagr one hOUr session was broken 1nto 15
minutes of‘adaptation, 10 minutes of baseline, and\ended with three,
. 10-minute training trials. All subjects weie pfovid&@ with both
visual and auditory feedback. Ability to regulate haﬁd tempg;atures
with and without feedback, and under a cold s;re§§or cond1t1on
(non-dominant hand in ice water bath) was a;sessed dur1ng .session 3.
No differences were noted between groups for abiltity to inc>ease
hand -‘temperatures in the absence of feedback, or in b;in se]f—fating
and immersion times during the cold stressor test. A mean pe#k |
temperature inc?easg of 2.93 F° was reported for successful trainers
in both groups (six from each condition) during thevfinEJ se§§ion,
while non-successful trainers decreased -6.5 Fo. The/adthors.’
conclude that bidirectional training does not lead to faster —
anu1s1t1on or greater control. However, since the number of
tra1n1ngrsess1ons employed in this study was less than optimum

(Keefe & Gardner, 1979) their conclusion must be considered \

tentative at present.
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Ambient Temperatures
Donald énd Hovmand (1981) have addressed the issue of the law
of initial values (Wilder, 1962) in hand temperature training or
more specifically, the possiblity of ceiling effects associated with-
high basal hand temperatures. Others (Taub, 1977; Hayduk, 1979;
Su;wit, Shapiro & Feld, 1976; and Surwit, 198}) have guggested that
initial baseline hand temperaturés influence the magnitude of
training effects. That ig, lower initial temperatures allow for
greﬁter magnitudeé of skin temperature increases, whereas gains at
relatively high baselines are influenced by the asymptotic limits of
~basal body temperature. In Donald and Hovmand’s study, ambient air
femperéture was vafied about the target limb only, by means of a
modified refrigerator fitted Qith a plexiglass door and armhole.
Sdbjects placed their right arm into this container;;and'ambiént
temperatures were set at 10 Cq (cold condition), 24 0 (nbrma]); and
38 c° (hot). Thirty subjects'each’received one biofeedback session
under each“condition,,according to a Latin squafe design. To 1im}t
somatic mediation (see King & Montgomery, 1980) subjéttg’ EMG levels
on the extensor commupistﬁigitprum were moni;ored an& S8 were
required to maintain a criterion !eyei of ‘less than or eqyal to 5
microvolts prior to temperature training. Subjects were next .
'fami1iar%zed with the biofeedback equipmenf which provided a digital
df;p]éy.and a bidirectional-analog auditorx'tone. ‘Each session
beg;n with a stablizatioq}base]ine (criterioﬁ: ylést minute5at +/-
0.1-¢%) followedvby four S-minute training trials, with 2-minute

intertrial baselines. Within each session, subjects were required '
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to ratse or lower hand temperatures in a counterbalanced order.
Changes in hand temperature were based on differences between prior
baseline and temperatures at the end of a training trial. (This
procedure resulted in increased baselines prior to finger
temperature decreases and decreased baselines prior to increase
instructions.)

The instruction to increase led to a mean change of +0.159 c*
with the largest increase occurring in the hot temperature condition
(approxim;te]y 0.225 Co), while decreas: instructions led to a mean
change of -0.116 c? with the largest decrease occurring in the cold
condition (approximately 0.16 CO). No significant interaction was
noted between ambient air temperature levels about the arm and the

_ability to regutate skin temperature. However, Donald and Hovmand’s
"v°(1981) contention that skin temperature changes "induced voluntarily
/‘gf involuntarily, do not appear to conform to the law of initial

values” (p. 807) may be somewhat premature as methodological and
other considerations, such asuthe limited number of training
s€Ssions (Keefe and Gardner, }97§), the kinds of instruction and
strategies provided (Keefe, 1978), the superiority of visual meter
feedback to visual digital feedback (Taub & School, 1978), and the
increased difficulty of learning temperature control with
alternating increase and decrease insé;hctions, may limit the

N

implications of their study. A rep]icatﬁon study, perhaps with a
"2x3 design (increase and decrease instructions across three

temperature conditions) with extended training would produce more

.

valid results.



Number of training sessions

The number of training sessions required to develop thermal
e{fects has been examined by several researchers in an exploratory
manner (Taub & Emurian, 1977) but only one study appeared to address
{;is question directly (Keefe & Gardner, 1979). Many studies into
thermal effects‘have used very short training periods and as a
consequence have found very limited training effects.

An eXample of a rather poor study into thermal training effects
was carried out by Broder (1979) with 40 undergraduate females.
Subjects each received one session of biofeedback and were required
to raise hand temperatures during the first trial and to lTower hand

.
temperatures in the second trial. A 5-minute baseline was taken
prior to the training trials and 45-second baselines were recorded
between trials. Equal numbers of external and internal locus of
control (LOC) subjects were placed in conditions where they were
presented with no feedback, contingent feedback and nom-contingent
feedback. Feedback consisted of auditory beeps that increased and
lowered in piich simultaneously with temperature iftreases and
decreases. Since the training period was inadequate, it is not
surprising that the results indicateé no benefits from the presence
of feedback, and that increases in hand temperature were likely due
to habituation effects. ‘Results for LOC were not reported. |

A better study by Keefe and Gardner (1979) examined the
relationship of length of training and acquisition of peripherél
temperature control. In their first experiment, 10 undergraduate
maies were randomly assigned to either an increase or decrease

)
14
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condit€on. Instructions were simple and response specific-and both
auditory and visual feedback were provided. Lach‘subject received
five 30‘minute‘training sessions over five cdnsecutive days. tach
session consisted of a 10-minute adaption period followed by brief
instructions, a 10 minute baseline period and concluded with 10
minutes of feedback. Resultg indicated that all subjects could
control finger temperatures in the specified direction with mean
changes by day 5 of +2.5 F% and -2.9 F° reported. Post hoc analysis
suggested that subjects could significantly raise or lower hand
temperatures by the third day of training.

A second experiment (Keefe & Gardner, 1979) with extended
training was conducted to test whether more training would result in
a greater learning effect. Six female undergraduates,received 20
sessions of biofeedback over 5 consecutive weeks (Monday to Fridays)
to increase finger tempersture. Procedures were the same as in

experiment I. The results indicated that overall temperature

changes were small in magnitude and the maximuh temperature

-

increases were attained by day 3. Keefe and Gardner concluded that
extended training in itself was not effective in improving
temperature increases and that there was no evidenrce regardiqg sex
differences in périphera] temperature requlation.
These studies suggest that three to five days of biofeedback
training are necessary before learning e?fects.become evident. They \
0 suggest that more training does not necessarily lead }o greater

magnitudes of hand temperature change.
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‘Adequacy of baseline
Kappes and Morrjs (1981) attempted to determine a minimum

baseline peridd which they felt would be adequate for hand
temperatures to st;b1ize before the commencemeﬁt of thermal
training. Subjects (59 psychiatric and_57 staff) had been asked 'to
refrain from eating, drinking, smoking and exercise one hour prior
to having their hand temperatures monitored for a 30-mfinute pgribd.
Kappes and Morris found a 3 to 4 Fo,rise in temperatu;es within the

P

first 20 minutes of subject immobility and suggest that a 20-minute
}

baseline period would be adequate to limit temperature increase
at}jfacts. The authors also noted that their data was confounded by
the use of medications with‘% their psychiatric sample.
Ubiquitous drugs ‘

As?erita, smolnicky and Iatridis (1981) trained EMG reductions

. t
with seven subjects under three conditions. All subjects recejved

five training sessions to reduce EMG levels and were placed in
>\Broups that received (a) no.saffeine, (b) low dosage decaffeinate
coffee, and (c) moderate caffeine;dosages (lZO-to 140 mgm). Other
physiological parameters such s hear£ rate, peripheral temperature,
blood pressure and respiration rates were monitored during: the |
training. Results indicated that baseline EMG levels were elevated
b; caffeine but that biofeedback tra;:TBg"couia’redUCe these levels
significantly. Hand temperatures drobped (1.21 to 0.94 F°) in ‘the
low dosage coﬁditipn only, and it was noted that peripheral
temperatures were higher during baselines and self-regulation

}
periods for caffeine conditjbns than during the control c8ndition.

-

’
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Asterita et al. suggest that this finding may reflect the relaxant

effects of caffgjne on smooth muscle.

Moss, Hammer and Sanders (1984) eompared the effects of

-~

cigarette smoking and mock smoking on skin €onductance, heart raté
and hand temperatures. Nine smokers and nine non-smokers served as
subjects and two comparisons were ﬁade: a(a) smoking vefsus mock

smoking in the smoking group only, and (b) mock smpking conditions

for both smokers and ‘non-smokers. Moss et al. found their results

\

similar to previous studies in the area (Ague, 1974; Frankenhauser,!

-~

et al., 1970) and observed increases in heart rate and decreases in

skin temperature. Non-smokers exhibited gre9§§; increases in skin

cdnductance levels during mock smoking and gredter lability in skin

conductance levels during the post-mock smoking period, but.these
\

findings could not be readiTy interpreted. Of interest to thermal .~
training is the discovery of/a rebound temperature effect in

smokers. Monitorin f hand temperatures Qin the oking of a :
. ring q p {o’fﬂ?ogv-sm g \

<{:;:ifette revealed an initial sharp decrease in hand temperature of

roximﬁtéiy -4 F°, which continued on a downward trend for 15 ./

minutes at which point, hand temperatures began to increase. Moss

-

et al. suggest that thermal training involving smoking subjects need

to be aware of this rebound temperature effeet and not to confyse it

wifﬁ-EFkining effects.

Summary of modalitiest and situational "Pariables

. The above review of the literature suggests that many of the

\

garlier stgdies into learned thermal effects were weak

methogglogically and were therefore inadequate tests of the

\ A
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hypothesized relationships. However, it should be pointed out that
many later studies, which examined the adequacy of training
,conditions, were not immune to methodological and design flaws as
wei]. For example, séme studies have limited the combinations of
feedback available (Surwit, et al., 1976; Hama, et al., 1981) and
have employed relatively weak training procedures and schedules to
compare their relative efflcac es. Thus, only tentat1ve statements

regardihg a minimally adequate training environmegt can be advanced
-
at this time. '

With the above caveats in mind, the following guidelines are
proposed. The use of visual meter feedback alone (Hama, et al.
1981; Surwit, et al., 197&;\5&y or may not be sufficient for
thermal increase ?ffects, while overly comp]ex‘feedback displays

(Surwit, 1977) may be non-conducive towards developing hand warming

ability. A combination of visual and auditory analogue feedback is
. L]

1ikely the most informative and tﬁe least restrictive in terms 2
Timiting Ss” spontaneous strategie§;towards producing the desj
response. Bidirectional training does not produce superior tig
effects to monodiﬁectional training (Funk & Weidel, 1981) and
continuous schedu]es of re1nforcement are super1or to discrete -
training periods 1nv01V1ng frequent starts and stops (Andrasik, et
al., 1982). A 20-minute baseline has been propased as an adequate
time period in which artifactual thermal effects can be minimized
(Kappeé & Morris, 1981) (while Taub and School [1978] suggest that
five days of baseline recordings would be more 73ea1); and three to

five training sessions are necessary before learning effects become
‘ %
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evident (Keefe and Gardener, 1979). Lastly, although the study by
Donald and Hovmand (1981) suggests that the law of initial values
(Wilder, 1962) may not apply to thermal tr&ining, it is probably
judicious to choose subjects for thermal regulation investigations
with hand tempe:atures in the normal range (85o to 310 F). Results
from such.subjects may be more representative of the general
population.
E. Mediational Str;tegies
An exploratory study

Taub and Emurian (1976) conducted several expiora}ory studies
in the area of peripheral thermal se]f—iegu]ation. In their initial
experimént, 21 sgbjects were provided'with a variable intensitj
1ight as feedback, and trained to change hand tempgragﬁres in the
dirgction opposite to baseline trends (resulting in 9 increasers and
12 decreasers). The experimenters conveyed positive expectancies to
subjects by indicating that everyone was cépab]e of developing
therﬁai control, and expressed a p&nfidence in their ability to do
so as well. Utilization of thermal imagery was encouraged as well
although the content of the imagery was at the subject’s disposal.
Monetary incentives ($.25 per 0.25 Fo change) were included and
graphs of‘eacﬁ session and performance were discusssed with
' subjeéts. A1l Ss received a minimum of four training sessions
although some received more. Traiming involved 15 trials of -
60-seconds each, with a 5-second intertrial period. Results of this
experiment indicated that 19 of the 21 sgbjects were abie to
seif—reguiate their han& temperatures and that demonstration of this

4
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learning effect rarely required more than 4 tr&fining sessions. The
alan change score based on training days 4, 5, and 6 was 2.2 Fo per °
session (range 0 to 6.5 FO). It was also found thatvthe magnitude
of decreases in temperature was 0.4 F® more than for increases and

-

that monetary incentives produced a 0.7 Fo greatek change than did
f]af rate payments. d

Bilateral control was demonstrated in a second experiment {Taub
& Emurian, 1976) by extending training in the opposite direction of
.thé original training for the seven best subjects. Of these, four
who had trained the longest, were able to alternate hand
temperatures in opposite directions during successive peridds on the
same day. Temperature increases of up to 14 FO were observed while
the largest rate of change observed for any subject was 9 finwithin
a one-minute period. Temperatures returned to baseline when ' ¢
éubjeéts were asked to relzx.

The effects of §omatic maneuvers on hand temperature were
addressed in a further experiment by Taub and Emurian (1976) who had
instructed Ss to engage in various arm manipulations and movemeﬁts
of the ipsilateral and contra]atera1,arq#2 :lt was found that
movements of tﬁe ipsilateral arm produced minim;Tn;ffects on hand
temperature (for exampTe, raising arm: mean change= 0.8 F°;

’_~;;;:;;E§ arm: mean change= 0.2 Fo; fbrming.a fist: mean change=:
0.7 F% tensing hand and arm: mean change= 0.4 FO; flexing .arm:
mean change= 0.6 F%; overall mean ch%ngf- 0.5 F°). Similar
manipulations-of the contralateral arm resulted in even smaller

temperature changes (mean change= 0.1 F°). Based on phese findings,

-
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Taub and tmurian (1976) concluded that somatic maneuvons'rere of
limited iméortance in mediating hand temperature changes since
highly Frained subjects in their experiments could produce far
grea?%r magnitudes of témperature change. J

In discussing the implications of their research, Taub and
Emurian (1976) pointed out the following. First, it was postulated
that biofeedback played an essential role during the training
phrase, but oncé‘volunfary hand temperature control was acquired,
biofeedback was no longer necessary. Second, a mere or less
seréndipitous find, that experimentor’s at}itudes and interpersonal
behavior (or person factor) were véry influential in determining the
succe;s of temperature training. It had been observed that one
experimenter with a friend]y informal approach succeeded in training -
19 of 21 subjects? whiie another expgrimenter who was imperson;] and
skeptical about the feasibility éf the task, succeeded iﬁ\training
only 2 qf %& subjects.i Lastly, little relationship was noted
between subjects’ reports of strategies and the degree of control
acquired. In general, determination and focusing of attention was
associated with less control, and_ thermal imagery was not an
important vasomotor mediator. A“relaxed attitude or "passive
volition" (Green, Green & Walters, 1970) was reported to be the most
conducive towards increasing and decreasing hand temperatures in the
early stages of training, whereas at a later stage of training,
subjects were unable to describe what they did exactly.

Major weaknesses in Taub and Emurian’s (1976) work include the

: P
absence of control groups, and the confounding of several
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indépendent variables simultaneously which renders the task of
interpretating the data more difficult. Thus, the reéu]ts and

conc]gsions based on these experiments Ehould not be considered
‘definitive, but rather as suggestive of directions for further

research. | g -
Self-induced strategies

Very few studies have focused on the types 9f strategies
employed by subjects to raise peripheral skin temperature. Mosg Y
information in this area has been gathered through self-reports that
have been carried out in an ad hoc fashion. Very few studies have
prov{ded structured strategies for subjects to employ during the |
course of training.

Libo and Fehmi (1977) queried 20 migraine headache and 20
anxiety/tension clients red;rding personal strategies. All the
headache patients apparently could raise their hand temperature
+1.5 F% above base]%ne after one to four sessions wh#]e only 14 of
the latter group were able to do so. Most subjects began training
by focussing on the hand or on images of warmth. However, half of
the subjects,1éter shifted strategies on di& not stay with any
specifié sirategy. Many simply "just let it happen" or focussed on
neutral oﬁjects. Techniques similar to meditation and autogénic
‘training were also noted. Unsuccessful trainees tended te focus on
unpleasant thoughts, to be self-critical or to will the changes
pesired, and were affecteq by perfo}mance éﬁxietg. No differénces .
were apparentlfor‘age, sex afd geographic locations. This anecdotal

report by the authors suggests that further investigations into the
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relative effectiveness of various vasodilation strategies might ‘be
fruitful. - \\\\‘,
Fisher and Winkel (1978) administered a post-session
questionnaire regarding self-generated strategies to 24 normal male
subjetts who had participated in 5 operant conditioning sessions of
the cephalic vasoﬁotor response. Subjects had been assigned to
either a vasodilation or constriction group (12 in each group).
.Feedback was provided in the form of a white light. Six Ss (5 VD,
1 VC) reported that they were unaware of how they had affected the
change. The remainder»indfcatgd that concéntration of thought
(ranging from a girl fo 1ecturgs) had been used. Eight of the 11
vasoconstrictors who had used this strategy initially, switched to a
single focal point of attention by the end ofAthe second session.
VD subjects appeared to have greater difficulties in formulating a .
successful strategy and frequently changed focal images throughout
the.session. The mean number of strategy changes in the
constriction group was 1.1 while the VD group reported 3.7 changes.
None of the ;ubjects in either group reporped using direct somatic
mediation. The authors found that operant control of vasadilation
required more time than VC and speculated that the differences might
be related, in part, to the formulation of a successful cognitive
strategy. They believed that cognitive strategies, although not
necessary, were facilitative in the modification of cephalic

\
vasomotor responses.



Somatic mediation
As noted earlier, Taub and Emurian (1976; Taub, 1977; School &
Taub, lQSQ) have suggested that the effects of gross motor
manipulations were minimal and of limited importance in the
mediation of thermal effects. More recent inve;tigations by King
and Montgomery (1980, 1981) suggest that somatic maneuvers may be
more central then earlier believed in mediating changes in skin
température. King and Montgomery in a series of experiments have
contended tﬁat in the absence of somatic maneuvers, vo!untary hand
temperature contnd] is not possible.
In experiment I, King and Montgomery (1980) randomly assigned
24 subjects to 1 of 4 conditions involving a pre- and post-test
design and five training sessions. Six subjects in each group‘
received (a) instructions alone, (b) contingent feedback,
(c) non-contingent feedback, and (d) contingent feedback plus money,
respectively. A1l groups were provided with specific instructions
regarding the nature of the £;sk and the posSible use of thermal
3magery and autogenic phrases in agsisting hand %emperature change,
5;DUt were cautioned to avoid- strategles involQing physical maneuvers.
2 A1l subjects were paid one dollar. Only auditory feedback was
provided and subjects were trained while laying horizontally on/g
surgical table. Recordings of sessions from the cont ingent feedback
group were played for the hon-contigent group. Subjects in

condition "d" heard a bell f9r every 0.25 F increase which indicated

that they had earned 50 cents. Results from this experiment

-
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revealed non-significant differences between groups in terms of

within -session or absolute finger temperature changes.

~

In experiment II (King & Montgomery, 1980), all subjects (24
females, 8 males) feéeived specific instructions regarding the
nature of the task as well as three minutes of autogenic phrasgs and
guided thermal imagery interspersed throughout the five training
sessions. The four treatment conditions consisted of
(a) instructions alone, (b) contingent feedback, (c) non-contingent
feedback, and (d) contingent feedback plus somatic activity. The
latter group was instructed to experiment with various minor somatic
stré;egies (for example, respiration rate chanées, muscle tension, ©
and relaxation) but were not allowed to engage in gross motor
activity.

Results indicated that the scmatic group produced the greatest
within session température increases during the fourth session
(mean= +5.23 F°) and had the greatest increase during the posttest
when feedback was absent (mean= +4.35 Fo). No significant
differences\yere noted between the aﬁtogenic instruction group and
contingént %eedback group,-nor between the autogenic-like
instruction group and thé non-contiA;ent feedLack.group.. However,
significant differences were noted for both the within session and
absolute finger temperathre changes between the‘coﬁtingent feedback
group and the contiannt feedback p]gs somatic activity group.

Two further group studies by Kin& aﬁd Montgomery (1981)

examined the role of somatic mediation in hand temperature control.
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They tested two hypotheses, one which suggested that muscular
activﬁty‘in the ipsilateral arm would increase hand temperatures due
to increased blood to that region of the body, and secondly, that
~ relaxation of the target arm should produce sympathetic vasodilation
énd increage cutaneous blood flow. Twenty-four nérma]s (14 fema]es,
10 males) were randomly assigged to three condjtions:
(a) contingent feedback plus instructions, (b) contingent feedback,
instfﬁction and muscular activitiy, and (c) contingent feedback,
" instructions and relaxation. All subjects received five training
- sessions and a pretest and posttest were alSo administered. Results
from this experiment indicated that the group utilizing somatic
activity was the only group to demonstrate consistent increases in
- finger temperature.
In a second experiment involying bilateral temperature changes,
King and Montgomery (1981) postulated that contralateral static
muscle contractions would be associated with decreased finger
tgmper}tures._'Twenty subjects were randomly assigned to either one
of two conditioms: (a) feedback plus somatic activity to increase
hand temperature, or (b) feedback plus somatic aétivity to decrease
hand temperatures. Results indicated that the first group had
increased hand temperatures an average of 2.93 FO between pre- and
posttests, while the latter grouﬁ decreased hand temperatures by
-1.92 F°,‘between pre- and posttg;ts. Self-reports by subjects
indicated that intermittent‘mdscular activity in‘the ipsflateraf arm -

was ‘used to produce temperature increases, while decreases were



obtained through intermittent contralateral arm tension or sustained
ipsilateral arm tension.

Short comings in the King énd Montgomery (1980, 1981) studies
relate to the absence of tMG monitoring for sgmatic maneuvers and
the lack of constraints to prevent artifactual increases due to

- .
positioning of fingers towards the body, palms or other heat
sources. Furthermore, the iability and validity of self reported
information has inherent limitations. However, their findings do
challenge the traditional views that peripheral blood flow and skin
temperature are centrally mediated through the eentral nervous
system (for example, medulla, hypothalamus, and cortex).

Further investigations into the relationship of muscular
contractions and hand temperatures lend some support to King and
Montgomery’s hypothesis. Donald and Hovmand (1981) found minimal
temperature increases in the index finger (.2 to .3 CO) when
subjectS were required to ma{ntain integrated EMG levels of less
than 5 microvolts hw%he ipsilaterateral forearm. Rattenbury and
Donald (1982) found that decreases, in hand temperatures were
associated with increases in EMG levels in the ipsilateral forearm.
Subjects were required to maintain variogs forearm tension levels

for three-minute periods. Decreases .of 1 c? were associated with

EMG leveds of 45 to 50 microvolts, while drops of 2 % were recorded

after two minutes when forearm tensions were approximately‘ZOO '

microyoits. These researchers further argued that increases in hand
temperaturé could also arise in sitiatioms where the baseline EMG

levels were 15 microvolts or higher, and as subjects relaxed, hand

54



temperatures would increase. In contrast, Cincirpini (1982), rather
than attempting to manipulate hand temperatures directly, trained Ss
to relax their frontalis muscle with the aid of EMG feedback, while
monitoring cancommitant changes in hand temperature. Results

suggested that hand temperatures increased as frontalis EMG levels

x

decreased (r= -.32), and that lower EMG levels (<3 microvolts) were
associated wi{h greater hand temperature increases.

Although the kinds of somatic maneuvers were rather limited in
these studies relative to those reported by King and Montgomery,
they do suggest that an inverse relatiggship exists between tension
levels (in the ipsilateral forearm or frontalis musc]és) and hand
temperatures. In addition, these studies also suggest that. EMG
levels need to be monitored in thermal training studies to minimize
the possiblility of somatic mediétion.

'F. Thermal suggestion and imagery : 3

A number of studies have indicated that suggestions produce,

;r are associated with therma] effects. An early anecdotal account

by Hadfield (1920) related large chamjges in hahq temperature brought
about by suggestions made to a female patient in the waking state.

She was able to control hand temperature bidirectionally by first .
reducipd the téﬁperature of her right hand to an ambient temperature
of 68° F (while mainta;ning her other hand at 94° Fﬂ and then
increasing the same hand back to 94° F. As well, Hadfield was able
to induce blister dengopment with this patient thréugh hypnosis and

could also control through suggestion the absence or presence of the

pain and inflammation associated with the blister.
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Dugan ahd Sheridan (1976) found a relationsh¥p between
suggestion and instructed imagery on hand temperétures.\ Images of
warm and cold hands were ass%ciaged with actual‘karming and coofing
of hands. All 10 subjects in the cooling image;; group reliably
cooted at least one hand (six Ss cooled both hands, peak change=
-1.91 FO), while five of six subjects could warm one hand a small

Y
magnitude. This study was rather limited in‘that subjects were ngt
\

provided with feedback and training was-limited to one session. '
Two é;BE)iments by Herzfeld and Taub (1977, 1980) also explored
the influence of thermal suggestions on thg Se]f—regu]ation of hand
temperatures. In their first study (Herzfeld & Taub, 1977),
baseline temperatures were monitored over three non-training days
and hand temperature chapges during the last 4 minutes of a
15-minute period (equivalent to trial periods on training days) were
also recorded to "ipsitize"” the results from training days.
Training involved 10 sessions, with each session consisting of
fifteen 50-second trials with ld-second intertrial periods. Hand
temperature changes were recorded during the final four trials of
each session. Fivé paid subjects were trained to regulate hand
temperatures in Q*e direction opposite to their bakeline trend,
which resulted in two increéfers andyyhree decreasexs. Suggestion
was operationalized as slide projected images accofipanied by a
tape-recorded statement to elicit thermal re;Etions. For example, a
warm imagery-slide of a girl sunning herself on thé beach was
accompanied by the follgwing verbal instructions: "Imagine

(yourself) lying on the beach with the hot rays of a the sun beating
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down on your hands" (Herzfeld & Taub, 1977, p. 24). Subjects were
to serve as their own controls and hand temperature changes on -
non-suggestion training days (feedback alone) were compared to those
Qbtained on alternate suggestion days (feedback plus suggestion).
BecausekHerzfe]d and Taub (1977) contend that voluntary hand warming
and cooling are equally difficult tasks, data were collected in
terms of absolute temperature changes. These 6hange scores were
then ipsitized with non-training baseline days. (For example, if a
subject had a rising baseline trend, he would be trained to h;nd
cbol, and his overall temaerature change would be equal to the
actual decrease plus the amount that he was above\base]ine during
the non-training days.) Results from £his study indicated an
overall mean change of 1.8 F® and that mean temperature changes on
non-suggestion days averaged 1.3 FO. Thus, imagery and suggestion
was thought to improve training by at least 0.5 FO over biofeedbéck
alone.

A second experiment by Herzfeld and Taub (1980) tested a
similar hypothesis while attemptﬁng\ig\limit séme of the problems
related to the use of thermal imagery strategies by subjects on
non-suggestion days, and equating treatment andﬁcontro] conditions.
Baselines were obtained over five days, and temperature change
scbres we;e ipsitized as before. Two groups of six subjects each (9
coolers, 3 warmers) each received 8 training sessions with either
thermal slides. aﬂd aud1otapest1us feedback, or neutral slides and

audiotapes plus feedback. The neutra] slides consisted of geometric

patterns and were accompanied by definitions from the area of
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P
electrontcs. Ipsitized results indicated that the non-suggestion
group averaged a mean change of 0.73 FO while the suggestion group
obtained a.méan change of 2.01 £%. The authors contend that the
difference of 1.28 F is a more accurate indicator of the extent Eg
which suggestion and guided imagery can enhance thermal biofeedbacg.
Although enlightening and considerate of the 1nherént
difficulties in studying thermal reguiation, the Herzfeld an; Taub
(1977, 1980) studies have a number of limitations. The literature
generally suggests that hand warming is more difficult than cooling
and if, this indeed is the case, the reporting of absolute
temperature chahges based on a high percentage of subjects as
decreasers, wou]d;fend to inflate the magnitudes of temperature
reqgulation. Res&]ts might be better reported separately for
handwarming and cooling. Ipsitization of scores, also tends to
inflate the final outcomes and although it is an attempt to take
into consideration individual differences iﬁ terms of temperature
variablility, one cannot be certain that hand temperatur%s of
subjects who have not had 5 baseline days would vary in the same
manner as Ss who ﬁave‘endured S days of baselines. As well, the use
of discrete training trials has been fodnd to be less-conducive to
thermal warming, and lengthier training trials may produce quite
different results’ Lastly, individual differences (such as ;

visualization ability and cognitive styles) might also be addressed

in relationship to suggestion and imagery instructions in therm]

training. ¢
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Gillespie and Peck (1980) compared the efficacy of biofeedback
training alohe to guided imagery. Attempts were made to equalize
the presentation of feedback and imagery during easeline ang
treatment conditions. Measukes of locus of control (LOC) were also
taken. All sessions ihc]uding baselines consisted of ten 80-second
trials with 10-second intertrial intervals. During baseline 1 .
conditions, subjects observed slowly chanding meaning]e;s numbers on’
a screen, while the second base]fne was obtained while viewing
geometric patterns. Temperature changes during the baseline were
used: to ipsitize (Tauﬁ & Emurian, 1976) temperature,changes observed
during training trials\ Following baseTines, six Ss received five
sessions of digital feedback presented on a screen and six Ss
received 10 slides accompanied by 10 auditory statements\}f warm
themes. The biofeedback group were simply instructed td/devise
their own strategies, and perhaps to use some form of mental
control. |

Results indicated that bfofeedback was superior to guided
imagery. Although significant differences were observed .
(biofeedback group mean chanée- +0.22,C°, guided imagery group mean
change= -0.60 CO), individua] subjects in both groups were unable to
demonstrate reliable hand temperature changes. High basal
temperatures in three Ss (35o C) and inability by one subject to
increase hand temperature were cited as reasons for the 1imited'}
magnitude of mean temperature change in the biofeedback group.

Lastly, no relationship was found between locus of -control and hand

temperature regulation. ? o "



A number of shortcomings were noted in the Gillespie and Peck
(1980) study. Firstly, digital feedback alone is not as effective
in thermal training as analogue meter feedback (Taub & School,
1978), and perhaps ndt as effective as visual ;nd auditory feedback

together. Secondly, short discrete training trials are not as

effective as longer continuous trials of 5-minutes or more (Andrasik

et al., 1984). Thirdly, EMG levels oflthe target limb were.not
monitored for the possiblility d% somatic mediation (King &
Montgomery, 1981), and lastly, self-;trategies used by the
biofeedback group were not queried at the completion of the
training.

The relationship between mental imagery ability and
physiological change was examined by Proudfoot (1983). He noted in
his review of the literature that the notion of imagery encompassed
several dimensions (which included: verbal préceéses, affective
states, ideation, perception, physfo]ogica] states and cognitive
tasks) and that existing measures of imagery ability were
inadequate.. It was contended by Proudfoot that higher imagery
ability would be correlated with greater physiological changes
duting the imaging of subjects’ presenting problems. The ability to
image was agsessedLWith the Survey of Mental Imagery (SMI, Switras,
1978) which include$ measures of image control and vividnesss, as
well as providing sensory subscales related to the visual, tactile,
somesthetic and‘kinesthg}jg}moda]ities. A sample of 72 normal

females and 14 males received one treatment session in the following

format: a ?.m¢ﬂﬁ§: rest period; 2 minutes of imagind their

6C



presenting problem at its wdrst; 4 minutes of rest; three
(30-second) muscle control conditions, and a final 2-minute rest
period. )

Multiple correlations indicated that the iota] controllability
score and the totg] vividness score were correlated with subjects’
temperaturds (mean change= -.029 F®, range -2.35 to 12.6 F°). EMG
and GSR levels were not related to SMI scores. Although voluntary
control of temperature was not the aim of this investigation,'it
does suggest th;t cognitive (or imagery) abilities could play a
useful role in temperature control. |

Nigl (1980) investigated the effects of warm imagés on hana
temperatures, and the relative efficacy of various stimuli to induce
vasodilation. Forty-eight normals (33 females, 15 males, ages 19 to
43 years) were administered the Betts Questionnaire Upon Mental
Imagery (Sheehan, 1967), the Spatial Relations subtest of the
Differential Aptitude Test, the Warm fmagery Scale, and the Picture
Memory Test (Marks, 1972). Three experimental groups each received
six 30-minute trgining sessions over two weeks an¢ were provided
with auditory feedback under a no;mal room temperature condition,
cQol temperature condition (non-dominant hand in S.GO0 to 62° F
water bath) and warm iémberture condition (non-dominant hand in a
81% to 83° F water bath). General instructions,fo the three
experimental groups were to relax and to attend to the feedback and
to visualize or image warm Situations,or warmth experiences. No

verbal (or autogenic) techniques were given. A control group which

received no feedback were told simply to close their eyes and try to
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warm their hands. Results indicated that subjects high in imagery
ability obtained greater increases in hand temperature. Performance
under room and cool temperature conditions was sié;ificant1y better
than the warm temperature and control conditions. Although the
single best predicator appeared to be the vividness of imagery as
measured by the Picture Memory Test, the author indicated an
uncertainty as to what constitutes good imadery ability.

To summarize, the studies in this section suggest that thermal
imagery and suggestions do influence hand temperature, and that .
further exp]oraJ:Z:\between imagery and biofeedback training is
warranted. In particular, elucidation of the role of individual
differences in regards to imagery abi]ity,ftraining strategies and
learning effects would be useful from both a theorectical and
clinical perspéctive.

Guidelines for the current study.

The review of the literature has indicated that ability to hand
warm is more difficult than had been originally postu]éted (Taub &
Emurian, 1976). In general, small order changes appeér to be the
norm although some individuals are capable of large magnitude
increases. The influence of cognitions (emotional images, thermal
images, and autogenic:phrases) on hand temperatures has been eluded
to in several studies, but has not been approached in a systematic
manner. The current study is interested in the effects of imagery

“on hand temperatures, and the relationship between imaging ability,

type of training, and thefma] control.



At first glance, doing research in hand warming, appears to be
a simple and straight forward matter. However, this ;erent review
has indicated that hand temperatures are influenced by
environmental, biological/physiological, and cognitive factors.

Only a few résearchers have attempted to control for such factors as
recent ingestion of food and drink, circadian cycles, and prior
 physical activity.

As well, many researchers, in this area, have confounded the
interpretation of their findings by non-systematically utilizing
several strategiés gsuch as: warm imagery, passive volition,
hypnosis, autogenic phrases) in conjunction with biofeedback .
Furthermore, inadequate training conditions were observed in\ several
studies (short discret-e training schedules, digital feedback,.
absence of auditory feedback, t(;o cool or too warm an ambient
temberature, and too few ses&ions) which would tend to minimize
learning effects and contribute to increases in type I errors.

Several guidelines to optimize the thermal training procedures
for the current study were gleaned from the review of the
literature. These include the fol owiﬁg: a) use of direct
instructions so that §s are aware*f the target response (TR) in the

active training conditions, b) contingeng analbgue bi-‘ire(:ional
visual and auditory feedback, c) five sessions of training,
@ continuous S-minute training schedules instead of short discrete
. training intervals, e) an ambient room temperature in the range of

22° to 24°C to minimize drift.fects, f) an adaptation period to

v . . ‘ .
minimize differences associated with Ss’ priovglysic_al activities,

Y



g) a 10-minute baseline period (following 15 minutes of adaptation),

h) the monitoring of EMG levels to miniﬁizé somatic maneuvers,

i) appointments for training at the same time each day to minimize

core temperature fluctuations associated with circadian cycles, and

lastly, i) prohibiting ingestion of food or drinks one hour prior to

training. In addition, since the focus of the current study is on

thermal training with normals, potentfa] volunteers would be
> excluded from the study if they are smokers, suffer from migraine

headaéhes, or are taking medications (vasodilators or

vasoconstrictors).

Formuiation of the study
Besides the studies cited in the section on thermal suggestion

and imagery, the influence of imagery on _hand temperature has been,
T alluded to in several areas within th1$ (Bview. Ménzies (1937,
1941) in his condifioning experiments reported that images of cold
or hot hand baths were related to decreases and-increases in hand
temperatures, respectively. H;&duk (1979) found that imagery was
the most common strategy utilized by his subjects during the

biofeedback phase of h" study. Mittleman and Wolff (1939, 1943),

and Graham (1955) and his associates (Graham; Stern & Winokur, 1958; -

Stern, Winokur, Graham & Graham, 1961; Graham, Kabler & Graham,
1962; Graham & Kunish, 1965) have'also demonstrated a 1ink between
cognitions (or emotignally ladened thoughts) and temperature
responses. Later studies (Dugan & Sher%dan, 1976; Herzfeld & Taub
1977, 1980; Gillespie & Peck 1980; Proudfoot, 1983; 1and Nigl,
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1980) suggest that the relationship of imagery to thermal effects

warrants further investigation.

The primary focus of the current study was on the relationship, .
between individual differences in imaging ability (as measured on

the Switras Survey of Mental Imagery: Form A [SMI, 1975]) and

various approaches to thermal training. The relative efficacies bf

biofeedback training alone, guided.imagery alone, and a combination

of biofeedback and guided imagery were compa;ed with each other and

an active control group. Of additional interest, was the |

relationship of subjects’ self-perceptions of their ability to image

with scores on a standardized inventory.
. Research questions

1. Which of the training methods: biofeedback "alone, guided
imagery‘a1one or a combination of béth, is most effective in
_producing warming effects in the dominani.hand?

2. Are training effects influenced by subjects’ imaging abilities
as meaé!c;d by the Switras Survey of Mental Imagery: Form A?
More precisely, is there an interaction between imaging abi]it}
and type of training?

3. What is the relationship between subjects’ self-estimates of
imaging ability and the Switras Survey of Mental Imagery: Form
A2

4. Lastly, are there variables within this study, that would help
to idéntify subjects who are more likely to succeed at

increasing their hand temperatyres?



ITI. METHODOLOGY

The major purpose of this study was to compare the relative
. efficacies of three thermal training approaches (with a relaxation
control grobp) and to examine possible interactions between the type
of training received and levels of imagining ability. Of additional
interest was the relationship between subjects’ self-perceptions of
their own imaging abilities and their scores on a standardized
imégery inventory. Characteristics of subjects who successfully
hand warmed were also sought, and self-reported information
~regarding the training was also gathered.
A. Research design

To address the above concerns, a four factor (4x2x4x5) design
with repeated measures was utilized in this study. The experimental
factors included: (a) four training conditions, (b) twd levels of
imaging ability, and, (c) four, trials, by (d) five sessions. Three
training conditions were comparéd to an active control group. Group
1 received auditory and vfsua] finger temperature feedbac£ (BFK
condition); group 2 members were asked to comply with instructions
on a thermal guided imagery audiotape (GI condition); droup 3, the
combined (COMB) condition, listened to the same audiotape as group 2
and received both auditory and visual feedback, while group 4, the
control (CONT) condition, was asked to listen passively to
agdiotaped physics definitions. Imaging ability was assessed with
the Switras Survey o%jMental Imag?ry: Form A (1975),'with scores

above the median rated as hidh (13 and scores below the median as

v
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low (2). Trainingﬂconsisted of five l-hour sessions on five
consecutive dayg whenever poésible (maximum seven day interval),
with each session consisting of a 10-miniute baseline and four
5-minute training trials. Other areas of interest in this study
were addressed through author created questionnaigzs and additional
measures.

B. Measures
Fingertip temperature %;

The depend%nt measure was the finger temperature measdred in
degreés centigrade from the palmar surface of the distal phalange of
the middle finger‘of the dominant hagd. Hand dominance in this '
"~ study was operationalized as t@eAwriiﬁng hand. Additional measures
taken simultaneous]z/with the dependent Hﬁfsure were EMG levels (in

microvolts) from the exiensor muscle on the dominant arm, middle

finger tempégsture from the non-dominant hand, and room temperature.

Mental imagery scores -

The Switras Survey of Mental Imagery: Form A (SMI, 1975) was
used in the studyvbec;use_of its psychométric qualities. Besides
having some norms, the SMI ppssésses high reliablilty, internal .
consistency, and a known factor structure (Switfaﬁ, 1978). Thiﬁ
inventorx provides an index of overall controllability and vividness

“of imager& as well as ind{vidual scores for each of seven modaTitiés
(visual, auditory, olfactory, gustatory, tactual, soﬁaesthetic"and.

) kinestﬁetic). Subiects with total overall scores-above the median

in both cbnfro]]ability and vividnesﬁ were assigned to the high '

imager group, while those mith both scores below the median were
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considered low imagers. Volunircers wwtﬂ mixed profiles (that 1s, \
with one scorc above and the other beiow the modfdn) were excluded
from the study.

Self-ratings of imagery ability (SRIA) y
‘ Before complieting the SMII. subjects weré Asked.to assess théir
abi)ity to image in seven modalities. An exarple was provided of
each modality, and subjects were.to simply mgke self estimates on a
scale of 1 to 10, of their ahglity to form images‘in that pariicular
modality, Sevga modality scores and an overaﬁls\magery score were
obtained from the SRIA (see Appendix [).
Post-session questionnayres

At the completion of‘each trainind 5essign. all subjects
completed a short questionnaire Qesigned by fhe author to collect

information regarding types of hand warming strategies utilized and

the amount of time engaged in these activilies-(see\Appendix Iv).

!

.

C. ‘Subjects
-y Recruitment of subjects from the tdmonton area occurred from
April to O€tober of 1986. Voluntee}s were ‘attracted by notices
posted‘in high traffic areas on the University of Alberta campus,
and at a large training hospital for nurséé.. Additiona]-volunteers
were agsq solicited through a local radio program and via verbal
appeals to several educational psychology classes and to graduate
students and staff members in-the Department of Educational
Psycho]ogy | ‘

Screen1ng of appljcants to e}rm1nate smokers, people on

1 .
meédications, and those with cold hands occurred during an initial
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interview. One hundred and fifty-five volunteers met these

requirements, and were then sent a package of materials (see o
[}

-

Appendix 1) which included a cover letter explaining the nature of
2

the study, a questionnaire regarding sef%~estimates of one’s imaging
‘ability in seven modalities (Self-Ratings o? Imaging Ability) and
the Switras Sur;ey of Mental Imagery.

Subjects.were either coded as high‘imagers or low imagers on
the basis of their SMI questionnaire scores. High imagers possessed
total imagery control scores (males >235, females >234) and total
vividness of imagery scores (males >324, females >317) which
exceeded the median values as reported by Switras (1978). Low
imagers, on thke ofher hand, were consistently below the median value
in both scores for controllability and vividness. é;Ejects with one
score above the median and another below were classified as mixed,
and were excluded from this study. Out of the 155 origipa]
volunteers, only 87 satisfied this ]gst requirement.

. A small pool of subjects gatheréa during the initial stages of
the study were grouped into high and low imagers; and then randomly
assigned to a training condition. Later assignment of subjects was
based on the order of return of questiqnnairesl Eighty—séven
subjects completed the tréihing‘and were paid a stipend of $20 each
for their participation. Unfortunately, due to some technical ’

difficulties, foyr subjects had incomplete data records, which

LS
reduced the final sample to 83 Ss.

By Y .



D. Sample characteristics

A series of one-way anovas and crosstabs were performed with
the de%ographic data, and total controllability and vividness scores
on thé’SMI to see if there were signifidgnt differences in the
compdgition of the groups. Comparisons were made among the four
training conditions, as well as among the high and low groupings of
the four conditions which resulted in 8 smaller groupings. (See
Tables 1 to 4 for a summary of this data or Appendix [I for an
extended version of the same data.)

Gender

Although the sample consisted of marginally more females than
males, the gender distribution in the four main conditions and eight
smaller groupings did not differ significantly from one another.
Age .

The mear age of the sample was approximgte]y 29.5 years with a
range of 19 to 55 year. No significant difféerences were noted in
mean age for the four training conditions nor in the eight groups.
Educatioen ‘

Since much of the recruiting occurred within a higher
eddcat}onal setting, a mean of approximately 15 (range 10 to 21)
.years of fo;mal education is not unreasonable (although much higher
than the population at large). The sample was composed of
6 completed doctorates, 10 graduate students, 13 nursing students,
19 education students, 16 students from other faculties, three

students from institutions other than the University of Alberta, and

—_—
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16 non-students that included school teachers, housewives,
secretarial staff, and other non-professionals.
Imagery levels

The expected results of preselection for high and low imaging
scores on the SMI were reflected in the significant differences
(p>.0001) found between high and low imagers (Appendix II). High
fmagers in comparison to low imagers in all four treatment
conditions posseséed significantly greater scores in SMI vividness
and controllability. Comparisons among the four treatment groups,
containing both high and low imagers, revealed non-significant
differences. .
Apparatus

The experimental setting consisted of a large room (with an
independent thermostat set at 21° C) which housed a 8 by 8‘feet
acoustically sound-proofed’room
(Industrial Acoustics Company, model #403). The training occurred

'

in this ‘sound.room which was furnished with-an armchair, and small

tables to accommodate the biofeedback equipment. Subjects waited in

¢ ‘ o
a smaller room adjacent to this area during the adaptation period.

The biofeedbacﬁsequipment consisted of a Biocomp 2001
(manufactured by H. Toomin, Biéfeedback Institute, Los Angeles)
system operated on an Apple II+¢ with slight modifications. .Two
video displays were used. One provided analogue visual feedback to
subjects while the other allowed the experigpnter to monitor the
pregress of each session. Bidirectjonal auditory feed?ack, in the

form of rising and falling tones, was produced through| a speaker

-~ - -~ —_— . —~— —
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’ TABLE 1:

Group n

1* 20
2 20
3 22
4 21

Total 83

*(Tables 1 to 4, groups 1

TABLE 2:

Group n

20
20
22
21

W RN

Total 83

TABLE 3:

Group n

*1high 10
2high 10
3high 11
4high 11
1Tow 10
2low 10
3low 11
4low 10

Total 83

Summary: Gender, Age, & Educaticn by Groups (4)

GENDER  AGE EDUC
fe/male mean s. d. range mean s. d. range,

12/8 30.20 8.85 20-55 15.75 2.95 11-21
13/7 27.45 6.92 19-39 14.25 2.38 10-21
13/9 31.14 9.32 20-47 14.77 2.86.11-21
14/7 29.24 7.52 21-52 15.14 2.46 12-21

52/31 29.54 8.20 19-55 14.98 2.68 10-21

biofeedback, 2
combined, 4

entrol)

oon

3

Summary: Total Controllability, Vixidness & SMI
Scores by Groups (4)

TOTC TOTV  TOTSMI
mean s. d. mean s. d. mean s. d.

229.10 26.75 308.70 66.64 527.80 108.01
231.00 22.39 311.85 65.34 542.85 85.32
231.00 22.39 297.27 68.61 525.14 98.43
230.43 25.81 302.81 56.60 533.33 79.99

229.69 26.41 304.94 63.54 532.12 92.07

Al

Summary: Gender, Age & Education by Groups (8)

GENDER. AGE EDUC
fe/male mean s. d. range mean s. d. range
1/3 31.00 12.04 20-55 15.70 3.43 2EL:ZI

7/3 26.60 6.88 19-39 13.30 1.64 10-15
8/3 31.27 8.68 21-46 14.55 2.58 11-20

3

1

2

%/3 58.18 9.57 21?:; 15.000 2.28 13-19

3 2

8 2

3

2

5/5 .40 4.35 23- 15.80 2.57 12-21
6/4 28.20 7.23 19- 15.20 2.70 13-21
5/6 31.00 10.34 20-47 15.00 3.22 11-21
6/4 29.30 4.90 23-39 15.30 2.75 10-21
52/31 9.54 8.20 19-55 14.98 2.68 10-21 -

*(Tables 3 and 4, high = upper half of median split on SM]
low = lower half of median split on SMI)

guided imagery,
C

J
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TABLE 4: Summary: Total Controllability, Vividness & SMI
Scores by Groups (4)

TOTC ,TOTV ~ TOTSMI
Group n mean s. d. mean s. d. mean s. d.

lhigh 10 248.50 9.14 363.10 33.40 611.60 39.05
2high 10 249.60 8.09 368.90 29.70 618.50 34.33
3high 11  251.18 6.87 352.00 27.63 603.18 30.87
4high 11 24%.18 6.13 350.18 19.26 599.36 22.04
llow 10 209.70 24.30 254.30 41.01 444.00 86.58
2low 10 212.40 14.96 258.80 29.96 467.20 .38.39
3low 11  205.45 29.51 242.55% 50.32 447.09 77.40
4low 10 209.80 23.15 250.70 30.78 460.50 49.25

Total 83 229.69 26.41 304.94 63.54 532.12 92.07
SCHEFFE PROCEDURE:

N \\(*) denotes pairs significantly different at .05 level

\\ group

5 7 8 6 4 3 1 2
mean group
44400
447.09
460.50
467.20
599.36
603.18
611.60
618.50

N—=WaNO~NW»
* % * *»
* % % *
* % % *
* % % *

>

connecfed to the sounding board -of the Biocomp. New reusable-type
EMG sensors (silver/silver chloride, with a 20mm housing) were
purchased for this studx.‘ Biocomp disc-style thefmistors with 10

second time constants, and a tolerance of. +/- 0.2 C were used to

monitor finger temperatufes. (The same thermistor was used on‘the

“dominant hand of all subjects throughout this study.) A third
thermistor was attached to the inner wall of the sound chamber and
monitored the room temperatubé. ‘Dita on all four channels was

recorded simu]taneousf& with the Biocomp. Since the Biocomp is

- . o - - L. = = —— - — e — . R S e ——
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limited to 36 data intervals per run, time intervals of 16.7 seconds
during baselines and 8.4 seconds during training were employed to
approximate 10 minutes, and 5 minutes, respecfively.
E. Procedure
The primary intent of th@ researcher was to compare the
relationship'between differentAtraining conditions and imaging
ability. Threélgroups (I, Il and IIl) comprised the active
‘condifions, while group IV served as a control. Group I, the
biofeedback (BFK) alone condition, received visual feedback in the
form of a bar graph on a video monitor, and bi-directignal tonal
feedback which pa‘%l]e]ed increases and detreases inAthe S’s hand
temperature. Subjects in group II, the guided imagery (GI)
conditi?n, listened to a guided thermal imagery audiofape without
the benef;t of biofeedback, while members of group III, the combiped
(COMB) éohdition, were provided with both a.guided thermal imagery
.Y‘audiotaﬂe and‘biofeedback. Subjects in group 1V, the control (CONT)
group,vwefe’asked to relax as much¥as possible while listening
passively to.an audiotape of physics definitions.

The Ena;ning consisted of five one-hour sessions over five
con;ecutive dgys whenever possible (with no ipterva] greafer than
‘seVen:dayssl Iﬁvan effo;t'to minimiée other po§sib1e influences on
hand temperature, subjects were seen at the same time each day to
limit 6ormaT’circadian variations in body temperature and were asked

to abstain from eating and drinking at least one hour prior to their ,

labofatory participation (King & Montgomery, 1981).
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Except for differences in the training conditions, an attempt
was made to relate to all subjects in a similar manner during eacH
of the five sessions. Each day, subjects sat in a waiting area for
15 minutes before the actual sessions began. The purpose of The
waiting period was twofold. It allowed subjects to adapt to the
experimental microenvironment and permitted time for homeostatic
processes to minimize possible effects of prior activity (Yates,

\

where instructions regarding the proper posture to assume, during

1980). Subjects were then led to an acodstica]]y sound-proofed room
the baseline and training trials, was conveyed. Ss were required to

sit upright in an armchair with both feet flat on theIFToor with

their forearms supported by the arms of the chair. The biofeedback

, -instrumentatiod was connected at this time." The dominant forearm o
was c]éansed with rubding alcohol and a paper tissue, and allowed to
dry. Etectrolyte gel was then applied to the EMG sensors and

attached to the extensor muscle of the forearm with adhesive rings.
Thermistors were p1aced on the palmar surface of the distal d‘ilange_
of the middle fingep on ‘each hand. After a qu1ck check of the \
biofeedback gquipment and sensors, Ss were reminded to‘assume their
upr1ght postures, and to relax during a 10- minute baseline.

Follow1ng the base11ne period, standard da1]y instructions (Append1x
»III) pertineﬁt to each §’s training condition were read beforgﬁihe
commencement of four.5-minute t:;iniqg-tnials. "A one-minute rest
period was given between trials during which tiTe, the biofeedback

equipment was reset. At the domp]etion of the training each day,

al subjects completed a short questionnaire regarding some aspects_

i . . ~ :
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of their training. Finally, a verbal and written remiader was given
to subjects not to eat any food or drink any liquids at least one

.

hour prior to their appointments for the following day. All
subjects received 20 dollars at the end of five sessions.

F. Treatments

Group 1: Biofeedback alone o

After the baseline period, members of this group received

auditory and viwsual biofeedback only, and were given standard
instructions (Appendix 3) to develop strategies that would raise
_their dominant hand temperature. An attempt was made to al}oq
subjects to explere and develop, on their own accord, means of
raising Rand temperatures without experimeﬁter influence in the form
suggestions. If subjects appeared to become discouraged with their
lack of success, encouragement was offered by the experimenter.
.ykomments rggarding task difficulty, and any observations of slight
éainé‘or no drops in hand temperdture were framed iq a pbsitive way.
For example, if Ss appeared disappointed about their lack of
immediate success, the experimeqfer would indicate th&f this‘was not
'usual and that warming S?fects wod]d emerge wfth increased training.
If slight gajns were evidenced, the experimenter would indicate to
subjects that they appeared to be doing something tha’was working
for them, and that they needed to refine and deve]op~Ehis quality
further._ A short questignnafre was compTeted'by the subjects.at the
end of each session (Apsendi§~IV).”,At this time subjects were asked

to elab%{ate on how they attempted to ‘influence their dgminant hand
R /

temperature.
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Group 2: Guided imagery alone

Following the baseline period, this group listened to a guided
imagery audiotape (Appendix IIl) which contained deschiptive
passages incorporating thermal images.“Subjects were instructed to
create the thermal Tﬂagé?y suggestions. Training passages were ‘
broken into four 5-minute segments with a one-minute resting period
inbetween. No biofeedback was provided, and subjects had id're1y on
their self-perceptions in evaluating their success on the task. A
short qqeglionnaire was completed at the end of each session
(Appendix‘IV)
Group 3: Gu1ded 1magery and biofeedback

The comb1ned cond1t10n provided Ss with the identical guided

imagery audiotape as group 2, as well as auditory and visual

biofeedback. Subjects in this training condition would attempt to

\ §
enact the thermal suggestions offered on the audiotape, whilst
.observing their hand'temperatures. |
The format each day was the_Same,,peginning with a 16-minute
basg]ine,»foljowed by four'Sfminute training trials with a |
“one-minute resting period inb?tweénAtrials. At.the end of each ~)\

seﬁsion, subjects completed a questionnaire (Appendix IV).

14

Group 4: Controls - '
SubjectS'in the control group also listened to an audiotape .
following a 10- m1nute baseline period. The preamb1e on this
éud1otape was identical to that glven groups 2 andlg buI the
tra1n1ng trials contained no- therma1 imagery. Instead, Ss were

asked to listen pass1ve1y to physics definitions that were read in'a =

e . . »



slow and monotonous manner. Definitions were broken into four
5-minute trials with a one-minute resting period in between trials.
At the completion of each session, group 4 subjects completed a
questiqnnaire as well.
G. Analysis
Units of the dependent measure
Since it was unexpected that Ss would be able to produce .
1nstantaneoue and sustained temperature changes dufing the 5-minute
trials,3 it was hypothesized that training effeets would likely
manifest themselves midway into each trial. Twq 68-second
intervals, one (interval 1) beginning 84 seconds after thq“ftart of
each tra1n1ng trial, and the another (interval 2) commencing
immediately after the first 68-second interval were used as the
basfs of comparison. Design restrictions on the Biocomp allow for
36 time intervals bésed on 37 data points.” Thus a time interval of
8.4 seconds was utilized to approximate the 5-minute training

trials. Mean temperatures for interval 1 and 2 were based on

temperatures recorded‘at data points 12 to 19, and 20 t®27,

respectively. The base11ne (BL) temperatures were ca]cu]ated on the~

last five minutes of the base11ne per1od and correspond1ng time

.intervé1s (BL1 and BL2) were used so that tr1a1 temperatflres wou]d

°

_be directly comparable to baseline temperatures : .

Several aspects of the data were examined:* actual hand

temperatures and .change scores. Trial, session, and baseline means
were expressed in actual temperatures (or raw scores). Interval.l

trial temperatures reﬁresented the mean of data points‘lz'to 19,

L4
-«

4 ’ -~
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. while interval 2 trial temperatures were based on the mean of data
points 20 to 27 (a 68-second span in both cases). Baseline
"hperatures were calculated in a”similar manner and repre'sented the
< hean of tbe four scores in a comparable time intervé) co]]ecteg'
dliring the 10-minute baseline period. Session scores were based on
the mean temperatures of the four trials w{thin’each training day.
Since two intervals were examined, two sets of»tria] and baseline
scares for each seseion were generated.
Change scores were used in detehmining which subjects were

"successful, unsuccessful, or mixed" in'te;;s of hand warming.

"~ Since the literature suggested that learning effects would not

emerge until the)third session, and subjects received a total of 20

training trials, subjects were deemed successful if they were able
to increase hand temperatures above baseline Tevels 11 or mare

times, 7 to 10 increases as mixed, and 6 or less as unsuccessful.

v
]

Trial change scores (¥CS) wereecalkulated by subtracting sessional

baseline temperatures from_trainfng trial temperatures obtained

within each session (TCS =trial -baseline ).- :

. - ‘>

Research questgons T )
& ‘ |

.The areas of interest in th1s study are reiterated be]ow, and
rstat1st1ca1,approaches to answering these questIQns fo]]ows. In a]l
cases, an alpha. 1eve1 of 0.05 was deemed to ref1ect significance.
1. wh1ch af the tralnlng methods blofeedback alone, guided

lmagery a]one or a comb1nat1on of both, is most effect1ve 1n

produc1ng warming effects in the dominant hand?

| -

qA
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2. Are training effects influenced by subjects’ imaging abilities
as measured by the Switras Mental Imagery Inventory? More

precisely, is there an interaction ‘between imaging ability and

")

type of training?

To address the first two questions, a geries of }our factor
analysis of variance with repeated measures was rﬁn'to compare
actual hand temperatures amongst the four'tfaiﬁing groups and two
imagery levels across four trials and five sess(ons:

3. What is the rgl?tionship between subjects"self-estimates of
imaging ability and the Switras Survey of Mental !magery?
earson product=moment correlatioms were employed to test for
relationships between subjects’ self-estimates of their imagining
ability and Switras SMI scores. ; ‘ -
4. Lastly, are there variables fhat‘would help to identify subjeets
| who are more/l}ke]y to succeed at increasing th;ir hand
tehpefatur"?”- )

An explo atpry series of discriminant function’éﬁalyses was
-utilized to de]inea;e possible variables that would help to identify
subjects who were "good" or successful hand warmers frém those who.

showed little to no training effects.

Al -
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IV. RESULTS ‘ " L

Results of the analysis are described and discussed in this
chapter according to the research questions previously formulated.

A number of post hoc analyses were also performed to explore other

possible relationships in the data. In all cases an alpha level of

L 3

".05 was deemed to reflect significange. The terms significantly,

substantially, and sufficiently are used interchangeably in this
. . ..

sect1on to mean statlstlca1 stgh1f1cance . .

- The data was ana]yﬁd in terms of two time 1ntervals 'Tme"ﬁ"
intervals Tl and T2, represented the 68 seconds of Jrainiag pr1dr td
the m1dp01nt and 68 seconds after the m1dp01nt rESpectlvely of each
5-minute training tr1a1 The data ana]ysxs 1nd1cated that the two ~
time 1ntervals y1e1ded very similar results, thus only the data |

L 4

based on time interval 2 is reported in th]S sect1on

Pertlndnt
aspects of the data’ are summarized in tiis chapter Exte Sn
regarding the analyses of the data for ;eth 1ntervals Tl
reported in Append1ces V and VI ) _ e

Baselines’

Ten- m1nute base11nes were co?]ected dh11y prior fo/the training

’ /
trials. Two mean scéﬁes for baselines were ca]calated from two

68-second intervals. of the last f!ve.mlnutés of the Uase]ine period.

These intervals cofrespond to the same time interva]jﬁaé‘dsed in
ca]cu1ating the trial means. Interval 2 baseline me
i

‘were compared among the four treatment cond1t1ons by two 1magery

Tevels across the. five days. Tabl.ﬁ sumari;es the result! of this

anaMysis and indicates the absence of_glgﬂgficantfhagdAtemperature Y

- R - l /’ N
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Source

A
B
AB
S within

C
AB
BC
ABC
BS within

SQURCE: A -

N —

12

12
300

Groups

TABLE 5

Analysis of Baseline means:
Groups by Imagery Level by Sessions
(interval 2)

706
.805
705
.502

W &~ O

.244
.090
.368
.102
.216

H W

BEK

30.196

SOURCE: B - Imagery level

Ve

SOURCE: AB

Imagery:

SOURCE: C

Baselines

Groups:

ﬁigh
low

session:

high

29.906

BFK

29.940
30.452

2

0.290
.233
.140

o O

.295
733

036
.210

—_—— O O

GI-

30.364

Tow

30.188

GI

30.545
30.182

3

prob.

0.833
0.631
0.935

0,881
0:719
0.389
0.275

COMB.

29.648

COMB.

29.428
29.869

4

CONT.

30.014

CONT.

29.771
30.280

5

30.088 29.938 30.198 29.891 30.111



TABLE 6

Analysis of Baseline means:
Imagery Level by Gender by Sessions

Source 0. t. M. S.
A = 1 5 657
B 1 472.636
AB 1 6.767
S within 79 27.110
C 4 0.709
*AB 4 2.838
BC 4 1.164
ABC 4 2.183
6 4:362

BS -within 31

SOURCE: A - Imagery level

high ¥

29.913
SOURCE: B - Gender

females

29.212
SOURCE: AB

females

Imagery: high 29.192
low 29.239
SOURCE: C

Baselines
session: 1 2

(interval 2)

t

172
.434
.250

o~ Qa

162
.646
.265
.497

O OO0

low

30.158

males

31.412

males

31.715
31.221

3

prob.

0.680
0.001*
0.619 _

0.958
0.630
0.900
0.738

4 5

30.088 29.938 30.198 29.891 30.111



TABLE 7

84

Analysis of Baseline means:

Females: Groups by Imagery Lavels
’ ‘ (interval 2)
Source D. t. M. S. t prob.
A 3 8.988 0.220 0.882
B 1 0.369 0.009 0.925
AB 3 7.453 0.182 0.908
S -within 44 ©40.872
c o™ 4 1.570  0.274_  0.895
AB 12 3.620 0.63] 0.814
BC 4 5.959 1.039 0.388
ABC 12 6.010 1.048 0.407
BS-within 176 5.734
SOURCE: A - Groups
} BFK Gl COMB.
) 29.457 29.707  28.809
SOURCF: B - Imagery level
, high Tow
29.181  29.276
§9URCE: AB .
BFK GI COMB.
Imagery: high 29.443 30.035 28.437
Tow 29.491 29.324 29.403
SOURCE: €
Baselines
session: 1 2 3 4
29.450 29.078 29.391 28.938

by Sessions

CONT.

28.952

CONT.

28.958
28.945

5

!

29.250



TABLE 8

Analysis of Baseline means:

Males:
Source D. f ‘M.
A 3 6
B 1 4
AB 3 9
S-within 23 -7
C 4 0
AB 12 1
BC 4 0
ABC 12 1
BS-within 92 1
SOURCE: A - Groups
BFK
31.303
SOURCE: B - Imagery level
high
31.716
SOURCE: AB
BFK
Imagery: high 31.123
low 31.412
SOURCE: C
Baselines
session: 1

.615
.730
.223
.329

.408
217
.444
.853
.855

2

(interval 2)
F P

.903
.645
1.259

o O
OO O

.220
.656
.239
.998

OO OO
COOOo

GI © COMB.

31.583  30.861

rab

45>
.430
.312

.927
.789
.915
.457

’

low

31.243

GI COMB.

32.071
30.257

31.735
31.469

3 4

Groups by Imagery Levels by Sessions

CONT.

32.13¢

CONT.

31.938
32.284

5

31.158 31.379 31.552 31.488 31.5%4

. »
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differences prior to tralining each day.

Additional comparisons (TaSle 65 of baselines by geﬁder

.

revealed a stgﬁificanf temperfture difference between males and
females. Fin&ings\of substantially warmer hand temperatures in .
males (31.426o C)_!k!h females (29.222o C) supports_repo{QS'in the
literature of gender differénces in this regard (Yatés, 1980) .
Separate ané]yses of hand temperatures for males and females alone
(Tables 7 and 8), revealed noﬁ—significant\base]ine differences over

the foUr‘§¥eatment conditions and two imagery levels.

In short, baseline hand temperatures for thé four training

-~
[3

.groups by two imaging levels acros§rfivefseSSions did ndt vary
significantly from each other. Expected male-femate diffetgnces .f
were found while comparisons witﬁin each gender were:
non-significant. \
A. Research,nuéstions 1and 2 ,
1. Which of ghe,tréining methods: biofeedback alone, guided
imagery aione, or a combination of both, is most co;aygive
‘towards producing wérming effects in the dominant hand?
2. Are tr;ining effects influenced by subjects’ imaging abilities
>‘as measured by the Switras Menta}>lmagery Inventory?' More
precisely, is there an -interaction between imaging ability and

type of tra1n1ng7

The above research ques¢1ons were add' ssed with a 4X2X4X5:

amalysis of variance with 2 me3 Th€ four factors
exam1ned were tra|n1ng corl ‘ ' abi]ity, training

tffour factdr
' \

tr1a1s and sessions (or d

©
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analysis of variance with repeated measures$ is presented in Table 9.
One main and three interactional effects were s1gn1f9cant
XAppendlx VI Kas an unabridged version of this analysis.)
 Main EffeCts ‘ N , . T N
Treatment, imagery level. and seseiqn effeétsx‘ No main effects

.

tor type of tratning occurred (gfoup effect;, p= 0.840) whith

suggesté t biofeedback alone, guided imagery alone and combined

traini id not produce training effects that' differed appreciaé]y
fro one another nor from the control group (Figure 1). As well, no
main effects (p= 0.540, Flgure 2) re]ated to high and Tow unagery
ab111ty nor sessiondl effects (p= .350,-F1gure 3) were noted.
Trials. Only the main effect tor trials (p= .00%, Figure 4)
was significant with post hoc Scheffe contrastsﬂindicaizng
s1gn1f1cant1y htgher hand tempe;ature; tnr the wHole sample on
trials 1 and 2 than on trials 3 and 4. . Further exam1nat1on of |
: F1gure 4 would suggest that there was an overa]] tendency for all
subjects’ finger temperatures to decline across the four tr1a1s

interaction Effects »

_The analysis of the data revealed non-significant %nte?actions

for training cqndition’by imagery level, F'(3, 75) = .217, p= .885 °

(Figure 5), and training cdﬁﬂ?tjon by sessions, F (12, 7300),.= .779,
p= .672 (Figure 6). Three Significant interactions were noted
1nvo]v1ng\ (a) trlals by sessions F (12, 900) = 2.378, p= .005 *
(Figures 6 and '7), (R) training group by trials, F (9, 225) = 2.405,
_p= . 013, (E?gures-8'to 12), and (c) traiming group'by imagery level
by sessions, F (12, 300) = 1.954, p= .028 (Figures 13 to 22).
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TABLE 9

,‘ .
Groups by Imagery Level by Trials by Sessionhs

» (Interval 2:

Between subject factor¢

A - Groups:

B - Imagery level:

Within subject factors
S C - Trials:
D - Sessigns:

\

»

Source D. F.
A 3
B 1
AB . 3
S-within 75
C 3
AC 9
BC -3
ABC 9
CS-within 225

N\

D N I
AD ~ 12
BD 4
. ABD 12
DS-within 300
CD 12
ACD 36
BCD 12
ABCD 36
CDS-within 900

A: Groups .
- . 1

&~

1= biofeedback
3= combined

1= high
1 2
! 2
M. s. F
38.176  0.280
51.765  0.379
29.549  0.217
136.413
36.020 30.128
2.876  2.405
0.216  0.180
0.719  0.601
1.196
14.721 _ 1.114
10.299 ~ 0.779
15.529  1.175
25.828  1.954
13.140
0.917° 2.378
0.270  0.699
0.162  0.420
0.342  0.886
0.386
2 3

Temperature means)

2= quided imagery
4= control

2= low

prob.

.840
.540
.885

OO O

.001%*

.013*

:910

.795 | ..

SdDo0O0 .

.350
.672 *
322
.028*

cooo

’

0.Q05** :
0.9d9 f
0.956

0.663

4

©29.753  29.828 29.158  29.656



B: Imagery levels ’
(1 2
29.412 29.770

AxB: Groups by Imagery level

Imagery_1evel§:> 1 2 ‘

Groups: 1 29.416 . 30.089
- 2 30.035 29.620
3 28.955 29.361
4 29.299 30.050
®
C: Trials ‘ "’
1 2 3 4 v

29.874 29.756 29.526 29.199

Scheffe procedure:
(*) pairs significantly different at .05 level

trials
. 1 2 3 4§
meafr~ - triijs .
29.874 - 1 * %
29.756 2 1 *xox
29.526 3 *
29.199 4 -
AxC :. Groups by Tri%ls -
Trials: 12 3 4
Groups: 1 29.796 29.887 29.788. 29.539
2 30.175 30.016. 29.723 29.395
3 29.330 29.323 29.162, 28.818
. 4 30.230 29.836 29.472 29.088
-
F Z .
AxBxD: Groups by Imagery level by Sessions .
i . w v R
Group: Biofeedback _ .
Sessions: 1 2 3 - 4 5

N
e

\Imagery 1 28.575 29.990 30.577 -29.911 28.027
2 30.485 29.662 29.750 30.002 30.544

©



Group: Guided imagery
Sessions: 1
[magery 1 30.243
, 2 28.828

Group: Combined
Sessions: 1

Imagery 1 28.866
2 27.987

Group: Control
Sessions: 1

Imagery 1  29.994
2 29.840

2

29.969
29.557

B

2
28.673
29.868

2

29.488
30.102

CxD: Trials by Sessions

Sessions: 1
“Trials 1 29.424
2 29.550
3 ‘29.307
4 29.070

2

29.906
29.803
29.606
29.295

30.269

£ 29.750

28.552
30.223

29.781
30.466

30.157
30.050
29.881
29.538

4

29.306
30.181

f
4

29.190
28.988

4

29.201
29.767

29.929
29.769
29.409
29.088

90

S

5
30.391 ~
29.812

5
29.493
29.741

5

28.029
30.074

5 )

29.951
29.610
29.430
29.003
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The two 2-way interactions and the 3- way interaction were br;L
down furthe: and are graphica]]y presented Post hoc Scheffe
contrasts were applied to restricted subsets or ;ubgrouplngs of the
data to aid 1nterpretatfon (Keppel, 1973) .

Training condition by imagery level or session.” No significant

-

ip;eraction effects begween type of training and imagery ability .
levels was noted (p= .885, Figure 5), as high and low imagers
obtained equivalent hand temﬁeratures ueder the four conditions.
This would suggest that imaging ability per se was not assoéiated
with different%gl training effects over the five sessions. Training
groups by sessions effects were non-significant with tjgure 6
indicating re]at19e1y consis}entahend,temperatures frem session to
session for all four groups. /

Trials by sessions. - Figure 7 qisplays the re]ative Qand
temperatures on each of the 4 trial across thé‘s sessions. It
appears that the general performance of all Ss reached a peak by~
,session 3, and that hand temperatures were lower during other
sessiens Post hoc Scheffe contrasts 1nd1cated that tempera}%res
during tr1als 1 and 2 were s1gn1f1cant1y greater than during trial &hr
'.sessmn 1. The .pattern in sessiohs 2 and 3 were highly smi’lar -
to each other, witﬁ signifitant declines in temperature across
trials noted. In both sessions, frial 1 temperatures were - ,.
signifio‘htiy greater than those‘qbtained during -trial 3‘which;was
in turn also significantly’ greatevjthan trial 4 (tria]s 1>3>4; 2>4

and 1 & 2 non-significant). By session 3, tempenatures during -

trials 1 and 2 were similiar and -significantly larger than trial 3

T W
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which was greater than trial 4 (trials 1,2>3-4). In S.(‘\ﬁi()n 5,
trial 1 was again ot greater magnitude than other training trials
(trials 1>2,3»4).

Another view of the same data (figure 8) comparing trial
temperatures across the 5 sessions indicates that trial temperatures
obtained uuring session 3 were sufficiently warmer than those
obtained during the other sessions. This may suggest that at least
three days of tra}ning are required before learning effects emerge.
However, these learning effects may be partially due to
habituational processes, as §1ight temperature increases in the
control group from sessions 1 to 3 were also noted. A clear pattern
of declines within all sessions can be seen with the exception of
session 1. Since trial 1 of day 1 is the first encounter with this
study for all subjects, the slightly lower hand temperatures could
reflect an initial stress or orienting response to the laboratory
setting.

Training groups by trials. The two-way interaction effects of
training conditions by trials are represented in Figures 9 to 13.
The conirol group, although warmest on average at the onset of each
session, coo]eé consistently as training time increased, and had the
lowest hand temperatures by trial 4. In contrast, fiqger
temperatures of the bfofeedback group were relatively consistent
across the four trials and the significant difference noted at trial
4 between group 4 (control) and gréup 1 (biofeedback alone) were due

to declines in control hand temperatures rather than increases in
i ?
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the BFK condition. (See Appendix VI for ”polstK hoc Scheffe constrasts
withing significant interactions.) ‘ >
Figures 10 to 13 look at the perfo,r%mce of'groups on .
individual trtals. Duri»né trial 1, controls were substantially | ’
warmer than the BFK grou‘p, ;hi1e the qpmb'{nedcondition was
significantly lower than all of the other conditio By trial 2, »
The GI, BFK and control conditions were roughly ;qhent,_and‘aﬁ
were significantly warmer than the combined groyp. In trial 3, t’he
BFK and GI conditions were substantially warmerzhan the combined
group only. InA the last trial, tr—1é BFK groub was the only condition
that was superior to the -contro] group. The combined and control .)'.
conditions were non-significant, as was the BFK and’GI conditions.
(See Appendik VIi.) ’
Groups by imagery level by sessions. Since Figure 14 was ‘

" rather difficult to interpret directly, this signifiéant three-way Ve
) interaction was bBJ(en into several smaller subsets: (a) all

subjects labelled as high imager; were compared across sessions
_[Figures 15 and 16]; (b) all subjects labelled \a'é Tow }‘magers were
compar‘ed across sessions [Figure§ 17 and 18]; and lastly, (c) hi)gh

imaging subjects were compared with low imaging subjeeis in the same

treatment condition across sessions [Figures 19 to 22]. Post hoc
Scheffe contrasts werei apptied .tc_n these restricted subsets. (See
Appendix WI.) Co - .

High imagers. Figures 15 and 16 examine the contribution of

“fne high imagers to the overall interaction. Inspéction of these

_graph‘sA and the application of poét hoc_ Scheffes indicated no

& . N : ’ . A \
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significant differences between grodﬁs during the firsf four
sessions but by session 5, the gﬁided imagery group was
significantly warmer than the biofeedback and control conditions.
This sugéests {;at high imaging ability may. indeed have soﬁe

influence on hand temperatures in the absence of biofeedback.

Low imagers. Figures 17 and 18 examine the contribution of the:

low imagers to the overall interaction. An_ inspection of these
graphs indicates that only the BFK condition during session 1 was
significantly warmer than the combined condition and that no further
significant differences were found between any groups during
sessions %Vfo 5. 'Thus low imagers did not appear _to v?ry
significaﬁt]y from one another except during sessiion 1.

High versus low imagers within single conditions. Comparisons
of hjgh and low imagery s;bgroups within each of the treatment

conditions are presented in Figures 19 to 22. " Contrasts examined
N

~

differences between high and low imagers within each session, and

differences across the five sessions for eafh of the two subgFBups.

)

In Figure 19, the low imagers wefe‘significantly warmer than
high imagers in the BFK condition during sessions 1 and 5 only. In
the high imagery group a significant diffegence in hand temperatures

was noted between session 3 and 5, while no significant differences
o

were noted across sessions for the low imaging group.
?

Results of comparisons for the guided {magery condition
(Figure‘ZO) indicated ho significant .differences between high and
Tow imagers on a sessional basis, nor anx‘differences within each

subgroup across the five sessions.
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Low imagers in the combined condition were substantially warmer
than high imagers during session 3 only (Figure 21). A]thbugh
sessions 1 and 3 approached signif{cance for the low imaging
subgroup, no significaﬁt hand temperature differences were noted

O -
within either' imagery subgrouping across the five sessions.

Lastly, low imagers in the control condition had substantially \
warmer hand temperatures during session 5 than did high imagers
. . ! ’ . "\
(Figure 22). No significant differences were noted across the 5

sessions for either imagery level.

Post hoc anélysis: Intervals 1 and 2

, Temperatures were compared between inierva]s 1 and 2 for all
conditions to explore the relationship of time within each trial and °
* hand temperatures. Previous apé]ysis‘of the group by trials ‘
interaction had suggested that,a negative gorrelation existed

between hand temperatures and the number of trials compfeted‘(wpen o
avefaged:over sessions). Figures 23 to 26 show that the only
condition go increase hand tempefatures consistently between these

two 68-second time periéds was the BFK group. The'ggmbined group
maintained similar hand temperatures between intervals l.épd é while
the control group dropped approximately 0.2 C in the same timelspan.\
’  This‘suggestg that biofeedback may be he]ping éubjects *h the

feedback coﬁditibns to at Teast diminisé some of the cooling effects
»assot{ated with the laboratory environment or experimental

procedure. Subjécts»that did not’ rFeceive biofeedback-information

regarding their, performance™gooled in the same time spans,

Y
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Summary: Research questions 1 and 2

[t questions 1 and 2 are considered 1n a general sense, 1t
would appear that treatmoét effects associated with the three active
t;edtments did not differ appreciably from the control group and
that high and low imagers displayed rcughly equivalent results
relative to one another. That is, the grand means for each of the
groups were not significantly different from one another. However,
an é&amination of the groups by trials i;tora<tion (Figure 9)
suggests that biofeedback alone does contribute to thermal training.
By trial 4, the BFK group was the only group with significantly
warmer hand temperatures than the controls.

Mean hand temperatures in the groups by imagery levels

interaction (Figure 5) did not vary substantially from one another,

‘dnd suggests that imaging ability did not‘influencilthe overall

treatment effects associated with the different yraining approaches.

However, when comparing only high imagers across all conditions and

sessibns (Figure 16), high imagers in the guided imagery group were
significantly warme; than the BFfK and control groups by session 5.
Low imagers qn the other hand did not appear to vary significantly
from one another with the exception of session 1, where the BFK
group was suSStantia11y warmer than the combined group. Llastly,

comparisons of high and Tow imagers within single treatments

indicated a general superiority for the low imagers. Low im:ggfs

‘ugre significantly warmer than high imagers within the BFK condition

:on days 1 and 5, within the combined condition on day 3, and within

the control group during session 5.
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B. Research Question 3
3. What is the relationship between subjects’ self estimates cf
imaging ability and the Switras Survey of Mental Imagery?
Correlations of SRIA and SMI
Subjects had been instructed to first complete a short
questionnaire regardikg their self-estimates of imaging ablﬁty in
seven modalities (Self -Ratings of Jmaging Ability [SRIA]. see
Appendix 1) before responding to the Switras Survey of Mental
Imagery (SMI). Table 10 presents the correlation matrices between
SRIA self-estimates of imaging ability and scores on the SMM while
Tables 11 and 12 repont the intercorrelations within SRIA and SMI [
scores, respectively. \\\

Relationship of SRIA and SMI An exémination of correlations in
Table 10 indicates that the degree of relationship between
self-estimated single modalities with their counterparts on the SMI
was higher for vivfdness than for control. This likely suggests
that subjects’ notion; of imaging ability are more closely linked
with the clarity of the image produced rather than their ability to
manipulgte it. . '

With the exception of the SRIA visual, and SMI'VC and VV scores
(r= .49, and .60), the correlations amongst the various scores
indicate that many of the modalities overlapped to a gteat degree.
For example, correlations of self-estimates of tactile (scale T on
the SRIA) ability with other SMIT scores ranged from .32 (with .
visual vividness) to .59 (with gustatory vividneSS). This seems to

indicate that visual imagery es clearer conceptually for subjects in



TABLE 10

Correlations: Self-Ratings of Imaging Ability (SRIA} and
Switras Survey of Mental Imagery Scales

SRIA
v A 0 G I S K 101
Ve 49+ 10 27** 14 15 01 11 32**
VvV 60*  30** 41*  25** 32** 10 18 45*
AC 18 25%*  23**  26** 39*  23** Z2]** 32**
AV 35*%  43*  34** 3]** 40*  23** 272** 44*
oc 32** 17 53* ';5* “ 43*  30** 34** 47*
S 0ov 41 21 59*  49*  49*  35*  33** 55*
W GC 20 27**  30** 49 48? 28** 38* 42*
I GV 27** 39* 38* 58* 59* 27** 40*  54*
T 1C 27** 20 31** 33** 40* 27** 33** 36*
R Tv 40* 35 46* 4]1* 54{ 37« 43>  56*
A ‘SC 15 01 34** 18 36 48*  25** 29** ~
S SV 25** 16 41*  30** 47* 50* 27** 42*
’KC 22** 14 37* 37 37* 18 40*  34**
3 KV 36* 29** 43* 40* 49* 3]** 50*  55*
CT 33** 22** 44* 43* 49  32** 39> 47*
VI 46* 38* 53* 49* 58* 36* 4]1* 62*

SMI 44*  34** 5]* 49* 57 36* 4]*  59*

**p<.05 number of subjects in all cases: 83

+ *p<.001 (decimal points omitted)
V= visual T= tactile CT= total control C= control
A= auditory S= somaesthetic . VT= total vividness V= vividness
0= olfactory K= kinesthetic SMi= grand total SMII
G= gustatory TOT= total score SRIA
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this study than for other modalities whtph appeared ta show more
overlap or sh;red commonality. *

Highest correlations 'with the total vividness score on the SMI
were total score SdIA (r= .62), followed closely by tact?]e and
olfactory self-estimates (r= .58 and .53, respectively). The‘
overall correlations on the SRIA and SMI indicate that the common
shared variance is approximately 36% agg suggests that the
laypersons’ undéﬁst;;ding of\imaging ability rZHative to Switras’
definitions of the seven sensory modatities only shared some 1imited‘
commonality. ?

» SRIA intercorrelations. The intercorrelations of subjectsf
Self-Ratings of Imagery Ability scdres are pfesented in Table 11 and
indicatelmuch overlap amongst the seven modality ratings. Estimates
of tactile imagery ability showed modera83~to strong correlations -
with the ther six modalities (ranging from r= .39 to .65) and was P
the best single estimate of the SRIA total score (r= .77).

SMI intercorrelations. Examination of Table.12 indicated
relatively high correlations between control and vividness scores
within a single modality (visual r= .79, auditory r= .82, olfactory
r= .89), however, intercorrelations of apparently unre]ifed
modalities were substantial as well (for example, VV and AC r= .62;
VV and OC r= .63; AC and GC r= .67). This might suggest that these
modalities are not conceptually autonomous, or that subjects who are

' ~good or bad imagers in these modaljties are good and bad

A .
consistently across a related number of modalities.

# -
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**5<.05
*p<.001
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TABLE 11
Intercorrelations of Self—Ratihgs 3 »
of Imaging Ability (SRIA) -
r
- \(
A 0 G T S K T0T
43* ' 47*  33** 39* 18 28** 61*
- . 24** 47* 57* 34** 44* 65* -
61*  52%  50*  36*  65*
65*  44*  48* -.71*
6l1* 59* 77*
60*  66*
& . 69%
number of subjects in all cases= 83
(decimal points omitted)
. N——
V= visual T= tactile
A= auditory "S= somaesthetic
0= olfactory =~ K= kinesthetic
G= gustatory TOT= total score SRIA .



« N TABLE 12 §

Intercorrelations of Switras Survey of Mental

VW AC AV OC 'OV GC Gv TC Tv SC SV KC

Vé. 79* 44* 39* 49* 45* 42* 54* 54* 5]* 23** |8 S]*
vv 62* 56* 63* 4?* 53* 50* '50* 64* 28* 37* 53+
AC \‘82* 55* 59* 67* 65*- 47* S1* 48* 43* 64*
AV 50* 68* 51* 60* 35% 52% 35% 47+ 46*
0c 89* 68* 64* 54* S56* 43¢ 48* 54*
ov 60* 67* 49* 64* 45* 59* 49*
GC 88* 69* 66* 45* 42* 79*
GV . 65% 77* 47% 54*" 69+
TC 83* ﬁ!* 39* 74+
v . , 53* 62* 64*
SC 86* 39*
SV 34+
KC -
KV ¢ \)
cT g
VT

**p<.05 number of subjects in ;l] cases= 83

*p<.001 (decimal points omitted)
V=visual T=tactile T CY=total control
A=auditory S=somaesthetic VT=total vividness
0=olfactory K=kinesthetic _SAl=grand total MR

G=qustatory
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Imagery Scales

KV
44+
56+
55%
53*
ag*
55+
66*
70*
62*
77
43+
54+

77*

CT

66*
67*
77*
62*
81*
75*
89+
83*
81+
78*
62*
57*
84*
72

Vi
57+
78+
72+
78+
73+
84
76+
67+
68+
87+
57+
70*

70

81*
88*}

C=control"
V=vividndss

SMI
61
76+
76+
25
78+
84+
82+
88+
74+
86*
60*
68*
76

080*
94+
99+

-
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In summary, i} would appear that subjects tehded to view x
imaging ability in terms of its vividness rather than cgntrb], ané?
that the greifest similarity bethen the SMI and fhe SRIA is limited
to thq visual modality. Subjects’ self-estimates in the other
moda]i\jes did not relate consistently with their SMI counterparts
Yand may be indicative of conceptual differences in their formulation
of other sensory modalities. Table 11 suggests that subjects”’
self-estimated ability to image in one modality appears to oﬁzrlap
with perceptions of imagery ability in other modalities while Table
12 in a similar vein questions the internal consistency of the
var%ous SMI scales.
“C. Research Question 4 : Qb
Are there variables that would hé]p to identify subjects that

are more likely to succeed in hand temperature warming?

Discriminant Analysis
5

A number of exploratory analyses were undertaken in order to
ascertain if there were any variables that would differentiate
bétween successful and.lessuﬁuccesgful subjects. Change scores were
calculated for all subjects. This involved subtracting the daily
baseline hand teméeratures ffbm ha?d temperatdreg obtained during
the trials on the same day (trial - baseline .=\changev score).
Thére was a total of 20 trials over the five days,
and since the literature review suggested that learning eifects
would emerge after three sessions, the ﬂriginal cutoff‘pqint for ~
"successful"™ versus "unsuccessful” groups was arbitrarily set at 11

_—~

or more trials :: which hand temperatures rose above the baseline.

< .
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Scores from the Se]f—Ratings of Image?} Ability, Switras Survey of

. Mental Imagery: Form A, demoéraphic%gata'from the subject« |
information sheets and baseline temperatures were used to derive the
discriminant functions. Discriminant analyses based on these two
groups were non-significant. |

Foi]owing thé;non-significant discriminant analy;js for two
groups, a third category was created. Those supjects wi?h 11 or
more bositive change scores were still designated as "successful”,
while subjects with 7 to 10 posftive trials were labelled "mixed"
and those with 6 or less as “unsuccessful." Table 13 presents the
resulgs of the mq}tiple discriminant analysis. A Wilks’ 1ambda_test
for differences in vector means inqﬁgfted that 6n]y discrimingnt
function I approached significance (p = .0763) and accounted for
66.57 percent of the variance.

In Tab]e.{4, normalized and standardized coefficients are
reported for the indgpéndent variables used in the prediction , .
equations. “An examination of the weightings and correiation .
coefficients did A;% 1gad to any discernible clumping of the .
variables. | ‘

' Inspection of the group means and standard deviatiops in Table
15, suggests that "successful” trgqurs tended to be have cooler
base]ihe hahd temperatures (27.815°C),‘favoured females (3 males, 10
‘females), and were slightly older (33.23 years) }han s;bjeéts in the
other groups (mixédh 29.31 years; unsuﬁ;essful: 28.29 years).-’The
"unsuccessful® group contained more females (11 males, 23 females),

¢

slightly more high than low imagers_(zo and 14, respectively), and



Percent o
Func Variance

1 66.57
~N 200 33.43
Yariables:

baseline temp
sex
SRIA.score

treatment
age

imagery level
eduaction
SMI.Control
SMI.Vividness

(4variab1es ordered by size of correlation within function)

f

0.6858912
0.8771520

TABLE 13

Canonical Discriminant Functions

Wilk’s
Lambda

Chi-squared D.F.

27.147 18
9.437 9
TABLE 14

Significance

0.0763
0.3068

Normalized and Standardized Vectors

for Two Discriminant Functions

normalized

Func' 1

- 0.
.32543*
. -0.

0

0.
-0.
-0.

0.
-0.

0.

80537*
16803*

18455
31332
00957
09007
00441
04607

AN

Func 2

-0.
0.
-0.

0.
0.
0.
0.
-0.
-0.

12999
21394
01401

71642*

35070*

32427*
32427*
22427*
19207*

stand&(dized
Func 1 func 2
0.98310  -0.18239
0.02467 0.19989
-0.32632 0.24249
0.31896 0.82778
-0.27063 0.24433
0.16934 » 0.77976
-0.10425 0.24340
-0.71756 -0.27935
1.08169 0.66591
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TABLE 15

Group Means and Standard Deviations
of Predictor Variables

Groups Baseline s.d. Sex
' 1 (successful): 13 27.815  3.156 1.231
2 (mixed): 32, 30.737  1:801 1.469
3 (unsuccessful): 34 30.125 - 2.561 1.324
total: 79 29.992 2.573 k367
Group SRIA.Score s.d. Treatment s.d. Age
1: 50.923  9.385  2.538 1.198 33.231
2: 48.187 11.961 2.844 1.051 29.313
3: 49.088 9.992 2.176 1.086 28.294
total: 49.025 10.655/ Z2.506 1.119 29.519
' Imagery SMI sM1 - °
Group Level s.d. Control. s.d. Vividness
1: 1.538 .519 228.308 27.666 301.000
2: 1.531 .507 228.125 26.245 305.406
3: 1.412 .500 232.615 26.683 313.147
total: 1.481 .503 230.089 = 26.452 308.103
Group Education s.d. Treatments:. BFK GI CoMB
(total)
1: 15.000 3.830 15 4 2 5
2: 15.375  2.575 34 3 12 Q
3: 14.676  2.409 34 13 6 11
total: 15.013 2.729 83 20 20 22
Crosstabulation:
t OutcomeS by Feedback Conditions
faedback no feedback
, successful 9, 6 15
(7.6) (7.2)
mixed 9 25 34
(17.2) {16.8)
unsuccessful 24 10 34
' (17.2) (16.8)
tatal 42 4] 83
Chi-square = 13.8752 df = 2 Significance: p <.01

\

.439
.507
.475
.485

s.d.
7.897
7.677
8.902
8.337

s.d.

67.067
63.317

61.834 -

62.653
CONT

4
13

4
21

118



had higher SMI controf and vividness scores. The~"mixed" group had
roughly equal numbers of each gender (15 males, 17 females), bedan
with warmé}-hénd temperatures (30.737°C), and had lower SRIA scores.
The "mixed” and the "Eucces;fu]" groups were a1;;\EThssified as
having siight1y lower imagery ability relative to the "unsuccessful”
group. A significant chi-square ana]ys;s of cell distributions (X2
[2] = 13.8752, p <;01), suggested that the absence or presence of
feedback during training seemed to differientiate between the
"mixed" and "unsuccessful" subjects. Sugjects receiving biofeedback
contributed dispropofzionately more‘to the "unsuccessful” group, |
while the "mixed" group,ﬁontained more subjects who were not

~

objectively aware of their performances. The remainiﬁg variables

did not contribute markedly quards differientfatign of the groups;
A graphic display of Table 16 (Figurg 27) showing the mea?;;
discriminant function centroids indicates that there is considerable
overlap amongst the three criterion grougs. .Table 17 shows the
classification results based on the two prediction.equafions and
suggests that there is a slight improvement above the prior
.probab]ify’bf correct classificationt for the "successful" group
(33.3% vs 46.7%). -~ g
A third discriminant analysis was run utilizing the same
predictor variables as above but involved only the éwo extreme
groups. The results Swhiéh are not reported) of this simpler two

" group discriminant amalysis was non-significant and did not improve

- the prediction power of the previous discriminant function. AN

\ Y



TABLE 16

\4
Group Centroids

Group ‘Func 1 Func 2

7l -1.07698 - 0.31856

2 0.43711 0.31926

3 0.0003%_ -0.42229
TABLE 17 ,

Clagsification Results

Actual group number of  Predicted Group Membership

cases 1 2 3
k -
1: successful 15 7 4 4 ]
. _ ' 46.7% - 26.7% 26.7% -
2: -mixed 34 5 19 10

14.7%  55.9%  29.4%

P
/

3: unsuccessful 34 7 ' 6 - 21
20.6% 17.6% 61.8%

Percent .of "grouped" cases
correctly classified: 56.63%

L
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D. Post Hoc Comparisons _

Two pbst hoc analyses were added to the study. Th; first .
examined the correlations between dominant hand temperatures with
EMG levels,. non-dominant h;nd temperatures and room températures.
The second analysis compared self-reports on severa]iimagery related’
activities by high and low imagers.

Correlates of hand temperature

Table 18 presents the relationship of hand températures in the
dominant hand with: (a) EMG levels monitored on the extensor m;scle
of the dominant arm, (b) hahd temperatures on the middle finger of
the non-dominant hand, and {c) room temperature. These measures )
were recorded sfmu]taneouéﬁy along with dominant thd temperatures
throughout the study. Non-dominant hand temperatures were strongly
correlated with dominant hand temperatures-and suggests that hand
temperature training in the current situation is Jikg]y a
genefa]izedvphenomenon rather than specificaf]y limited to qne hand.
Subjects had been asked to refrain from creating‘md;cTe tension in |
their arms and to remain as relaxed as possible during all the
sessions. Means from group comparisons indicated that EMG levels
were mgintained betow the 5 mj]{ivolt Lgve1 in ail the treatmenf’
conditions. Weak non-significant negative éorre]atjons.typified the
. relationship between muscle tension andbfinger temperatures in the

currént study {ranges: 7.2050=toA.0101 during baseling, ana -.1949
toj.0866 during trajning)—and accountéd maximally for approximately
3to 4 percen? of ‘the #ariance jn*hand'temperatures.' Associations

-ngween room and. hand temperatures were also non-significant



C

Dominant

Dominant

QPominant

Dominant

Dominant

4

cases= 6

Range:

Range:

Range:

TABLE 18

orrelations: Dominant, Non-dominant Hand Temperatures,

EMG & Room Temperatures in Active Conditions

EMG Non-dominant Room Temp Session

.0528 .9457* . 1592
.0610 .9622* _1741
-.0188 .94/8* -.1378
.0909 .9494* . 1424
.1476 .9365* L1722
. 1549 .9690* L1276
-.0715 .9506* . 1079
-.2657**  .9363* . 1484
-.1784 .9458* _1617
-.2625** . 9456* . 1834
-.2318 .9258* -.1371
-.0537 .9345* -.0762
-.1047 .9206* -.0803
-.1401 .9058* -.0479
-.1236 .9127* -.0242
.0109 .9350* .1316
-.0861 .9379* .0616
.0427 .9307* .0804
-.0946 .9516* .0530
.0974 .9610* .0487
-.0646 .9546* .0401
-.0443 .9502* .0608
-.0345 .9506* .0819
-.1059 .§505* . 1289
.1486 - .9498* .1472
2 ** p < .05
*p < .001
Dominant hand and room temperatures

During baseline: -.1371 to .1592
During training: -.0803 to .1834

EMG and Dominant hand temperature
During baseline: -.2318 to .0109
During training: -.2657 to .1486

Dominant and non-dominant hand temgeratures

During baseline: 9258 to .9690
During training: 79127 to .9622
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(ranges: 21693 to .1388 during the baseline period, and 0618 to
1594 during training) and a‘ccounted for approximately 2 percent of
the variance. Thus, in this study, EMG levels and room temperatures
had a minor influence on iemperatureg in the dominant hand.

SMI and self-reports of imagery actiJ?ty

The results of a number of one-way anovas comparing high and
low imagers (as measured on the Switras Survey of Mental Imagery) on
self reports of imagery activities \re presented below. Data,
gathered from the post session questionnaires, included subjects’
self-reports on the ease of image creation, the constancy of the
image, and its utility (or usefulness) in helping subjects to warm
their hands. In addition, estimates of the time engaged in the
three imagery modalities.

Visual, auditory and kinesthetic imagery. Table 19 summarizes
the comparisons of self-estimates of ease, constancy and ut%]ity of
visual, auditory and kinesthetic modalities for high and low
imagers. The following Likert rating scale was used:

ease difficult

constant transient

very helpful really not helpful.

(1) (2) (3) (4) (5)
The only significant differences between high and low groups appears
to be the ease with which high imagers could create visual (rating

1.85), auditory (rating 1.743) and kinesthetic (rating 2.031) images

boc 05).



Imagery Sgore

high
low

Imagery Score

high
l ow

Imagery Score

high
Tow

Imagery Score
high ’
low

*p < .05

—
x &

TABLE 19

Results of Oneway ANOVAs:

Visual Imagery

-

n tase* n

20 1.850 21
20 2.510 20

Constancy2 n

27791 25
3.180 22

Auditory Imagery

n tase* n
1.743 14
2.850 8

Constancy n

Warmth (W) & Relaxation (R)

n W-fase* n

26 2.031 21
25 2.696 25

n Utility n

20 2.570 30
19 2.874 31

Likert scales:

Imageryé 1Easy 1

Copstant 1
Very helpful 1

2.486 14
3.350 7
R-EASE n
1.682 20
1.984 21

SMI Scores and Reported Imagery Activity

Utitity’

2.384
2.882

Utility

2.614
3.571

Imagery
Constancy

2.860
2.924

Mean Strategies4

3.693
4.277

- 5 Difficult
-5 Transient
- 5 Really not helpful

4Average number of strategies attempted per session

—~—
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TABLE 20

Oneway ANOVAs:
SMI Scores and Reported Imaging Times
{mean minutes/trial)

Visual: Warmth:

Imagery Score n time*1 n time*

high 26 3.384 20 3.447

Tow 22 2.54]1 18 2.639

v g Relaxation: Auditory:

Imagery Score ~n time n time*

high 20 3.600 13 2.192

1ow 22 2.983 8 1.784
*p < .05 | ?

timel expressed in minutes per trial

~3

No differences were noted in the constancy nor ut}]ity of the
images. Reports of the number of different imagﬁ#igr methods used
to induce hand warming ("mean strategies") were non-significant.

Time. Se]f-repdrts of time engaged in imaging activities in
thrég modalities were ébmpared (Table 20). High imagers spent
substantially more time (p< .05) involved with visual, auditory and
warmth images than did the low group.

To summarize, results of the’one-way anovas in Tables 19 and 20
provide some criterion-based support for the validity of the Switras
Survey of Mental Imager;. High imagers did report greater ease in
thelzréation of images and also engaged in more imagery time duéing
the tréiniqg tria]s.‘ These reasonably/positive‘findings do provide
some subport for the validity of the SMI. However, since

* “self-reported data is limited by jts low degree of reliability, morg\
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studies, which relate imaging scores to actual imaging behavior, are
required to further substantiate the utility of the SMI as an

indicator of imaging ability.



IV. RESULTS

V. DISCUSSION .

The folldwing chapter presents a synopsis of the current
findings and their implications, followed by a discus;ion of the
limitations associated with the present study, and contludes with
remarks rggardi&é p;éblgﬁs in the assess%ent of imagery and poésib]e
guidelines for further research.

Research questions

The prime areas of interest in this study dre reiterated below:
1.- Which of the training methods: biof;edback alone, guided

imagery alone or a combination of both, is most effective in
producing warming effects in the dominant hand?

2. Are training effects influenced by subjects’ imaging abilitiés
as measured by the Switras.Survey of Mental Imagery? More
precisely, is there an interaction between ihéging ability and
type of training?

*3. What is the relationship between subgjects’ self-estimates of
imaging ability and the Switras Survey of Mental Imagery?

4. Lastly, are there variables that would help to identify subjects
thatlare more.likely to succeed in hand temperatﬁre warming? .

Findings: Questions 1 and 2. Sipce main effects for treatmenti

groups, F (3, 75) = .280, p= .840, imagery levels, F (1, 75),

p= .540, and the treatment groups by imagery level's interaction, F

(3, 75, p= .885, were non-significant, one’might conclude that none

of the treatment conditions or imagery levels were effective iﬁ

produbing differential thermal effects. However, tﬁesé results are

\
\
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based on grand means, and actual learning effects could be masked by
earlier sessions when skill development was minimal. These earlier
sessions would diminish the statistical contribution of temperature
differences amongst the treatment groups in later sessions to yield
no;—éignificant findings. Thus, examination of the two-way (groups
by trials) and‘three—way (groups by imagery levels by sessions)
interactions are more likely to reveal the existence of thermal
training effects as well as providing a more realistic expectation
of skill acquisition.

A main effects for trials, F (3, 225) = 30.128, p= .001, was N
associated with a collective cooling trend across the four trials
with hand temperatures during trials 1 and 2 :ignificantly‘warmer
than trials 3 and 4. The trials by sessions interaction, F (12,
900) = 2.378, p= .005, indicated that trial temperatures were
significant1y warmer for all subjects during the third day of .
training and that further sessions did not improve learning effects.
These ana]yse; suggest that the general trend for all subjects is to
decrease hand temperatures within1a11 sessions, while hand
temperatures inngased from sessions 1 to 3. 4 .

Breakinq down thg significant two-way: groups by trials, F (9,
225) = 2.405, p= .013, and three-way: groups by imagery levels by
sessions, F (12, 300) = 1.954, p= .028, interacti;ns allowed a more
detailed inspection of the individua] contributions to the
significant main éffects for trials, and trials by sessions

3

interaction.



As noted above, the main effects for trials was assqciatedAwith
declines in hand température écross the four trials. Examination of
individual gxoup performances across trials (Figure 9, 'p. 113, Table
9, p. 104) revealed significant decreases in temperature betweeh
trials 1 and 4 for all groups except the biofeedback group. The BFK
group maintained relatively consistent temperatures across the four
trials. ' The s]opeKEisociated with the cooling trend for the control
group was steepest adipsuggests that the control group contributed
- disproportionately more to the decline in overall trial
temperatures. The combined treatment condi:ion appeared to be least
conducive to 1e;rning thermal effects and disp]ayed significqnt{y ,
1qrer hand temperatures than the BFK, GI and control groups dufing
trials 1, 2 and 3. However, by trial 4, the control and the
| combined conditiOKS'did not differ. Despite the significant
detrease in hand temperatures from trial 1 to 4, the guided imagery

. . ~

group performed well comparatively, and was never significantly

exceeded by the other treatment conditions. In trial 4, only the

BFK grodp was significantly warmer than the control group. This was -

due primarily to declines in hand tempé;ature by the\controls.
Visual inspection.of post hoc comparisons at” an intra-trial level’
over four trials (Figures 23 to 26, pp. 123-124) revealed consistent
declines iﬁ hand temperatures between intervals 1 and Z‘for thevGI
and control groups only. Iq'ceptrast, the BFK group increafed its
hand temperature within trials thile the combined group maintained

prior temperatures. Analyses at this level would seem to s}roﬁgly

suggest that the biofeedback alone condition was influential in

s
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Minimizing declines in hand temperatures across trials, while

-

3

‘increasing hand temperatures within trials.

Comparisons within the three-way interactfon (groups by\imagery
levels by se$sions) involved: (a) high imagers amongst themselves,
(b) low imagé}s amongst themselves, and (c) high versus low imagers
within single trq;tments. The comparison amongst the high imagers
indicated that the GI cendition was significantly warmer than the
other groups durihg session 5. The comparison amongst the low N
imagers revealed only one significant difference. The BFK group had
significantly warmer hands than the combined group during session 1
only. Comparisons of high and low imagers within single treatments
revealed a general superiority for low imagers. Low imagers were
substantially Qarmer than high imagers in the BFK'condition on days
1 and 5, in the combined condition-on»day 3, and in the control
group Buring session 5. No significant djfferences between high and
low imagers were noted in the guided imagery gfoup.

Summarizing to this point, there appears to be a cooling trend
across the four trials, perhaps associated with the ambient room
temperature, laboratory setting or experimental procedure. (Similar
findings have been reported by.Surwit [1976]). The controls
appeared to be influenced most by these factors and théir declines
represent expected hand temperature behaviors for this p§rticu1ar
exbé?iﬁenta] environment. Thus .if none of éhe treatment conditions
weﬁ!\éffective, all groups would have similar dec1ines’over the fouf
trials. However, this was not the case, as the biofeigback group

declined much less, emerging as the warmest grodb 6} rial 4.
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Additiona]VSupport for the effectiveness of the biofeedback

condition was provided by intra-trial comparisons with;n each group
(Figures 23 to 26, pp. 123-124).

. Further analyses of the interactions suggested that training
effects did not become evident until after 3 days of training, and

it also appears in our case that additional training did not tmprove
learning effects thereafter. These results are similar to those
reported by Gardner and Keefe (1978) ;nd)suggests tha£ for most
subjects that development of hand warming ability is a gradual

process. Lack of improvement after the third session may be related

to motivational aspects of §ubjects. Normals, unlike clinical

subjects who often.have some underlying disorder, may not have the

same incentive to succeed and therefore after several repetitions of//h
the treatment may lose somé enthusiam about their participation.

Comparisons within the three-way inieractipn indicated that

high imagers 'in the GI condition were significantly warmer than_
other high imagery groups during session 5: This finding is
consistent with the notion that high ‘imagers ought to benefit more
from a treatment condition that utilizes their abilty to create -
imagéry. The lower performance of the high imagers in tﬁe cohbined
condition may b® attributed to sensory overloading, as many subjects

complained about having to attend to the audiotape, and the visual

and auditory feedback at the same time. Ambhg%t'the Tow imagers,l "

pn]y the BFK conditidn during‘session 1 was super!or to thé cpmbined N

condition. Agéin, the initial reaction to the combination of

%eedbackrand audiotape likely contributed to this result. As well,
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many low imagers reported feeling additional anxiety because of
tﬁéir inability to create audiotape images,. v

Comparisons of single groups withinfthe three—yay interaction
revealed significantly warmer hands for wa imagers in the BFK
(sessions 1 and 5), combined (session 3) and control conditions
(session 5), while no differences were noted for the guided imagery
grouﬁ. Wby low imagers were superior to high imag;rs within these
conditionijjgﬁﬁjﬁéileér? High imagers may react differenl]y to the
same stim ﬁ , ‘hdiiions than do low imagers. Perhaps, high imagers
are able to neufo]og%ca]]y self-stimulate their tértiary association
areas 4invo]Ving the overlap of many sensory nefworks) and are
therefore less receptive of exterfial stimulation or information.
This could account for some of the differential reaction to the same
stimulus conditions by high and low imagefs. These musings are\
highly speculative and rqui;e furthdr investigation. .

In summary, although an ovéra]] coo]igb trend was evident, the
contributions of the varibu§ groups were disproportionate. It wou]dé
appear that biofeedback alone .emerged as the best treatmert
conditioh overall, and that iow iﬁégery ability may be an. asset
rather than a hindrance in Tearning toAvasqdi]ate.

Question 3. ’ '

.

Relationship of SRIA arid SMI. Table 10 indicated that

PN

corre]atipns of seif—ratings of imaging ability (SRIA) with the
Switras Survey of Mental Imagery (SMI) were higher for vivianess

than for control. This suggests that, subjects tended to view
‘ /7

imaging ability more in terms of its clarity rather than their

]



ability to manipulate it. Correlations between SRIA visual and SMi
visual control and vividness were moderately high (r= .49 and .60,
respectively). However, moderately high correlations amongst
supposeQ]y unrelated sca]es.(for example, SQIA tqcti]e with SMI
gustatory vividness, r= .59) were aiso present. “}he SMI total
viviéﬁess score correlated highest with the total scgré SRIA
(r=.6190), followed closely by.SRIA tactile and olfactory
seif-estimates (r= .58 and .53,'respect%vely). .

Intercorrelations. The intercorrelations of SRIA scores
presented }n table 10 indicate much pverlap amongst the seven
moda]if} ratings. fhe SRIA tactile scale showed moderate ta strong
correlations with thq‘other six moda]ities'(ranging from r= .39 to
.65) and was the best single estimate of the SRIA to:al score
(r= .7,7)- ‘

Although SMI intercorrelaticns (Table 12, p. 131) were

relatively high betwgen modality control and vividness (visual

r= .79, auditory r= .82, olfactory r= .89), the intercorrgTations of

apparently unrelated modalities were substantial as well (for

example, VV and AC r= .62; VV and OC r= .63; AC and GC r= .67). \

Post hoc:comparisons. Results of the one-way' ANOVAs (Tables 19

aﬁd 20, pp. 142-143) provided some criterion based support for the
validity of the Switras Survey of Mental Imagery duestionna{re.
High imagers did report greatef ease in the creation of images and’
also engaged in more imagery time during the'training trials.
HoweVer, support for the vglidity of the gﬁl should be viewed

cautiously as additionallvalidation studies are required.

o
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In swmmary, it/nbuld appear that subjects tended to view

imaging ability in terms of its vividness rather than control, and
that the best dver]ap between the SMI and the SRIA is limited to the
visual modality. Subjects’ self-estimates in the other modalities
did not relate consistently wiph their SMI counterparts.
Infercorrelations revealed th;t subjects’ se]f—estimated ability to
image in one modality appear; tb\overlap with perceptions of imagery
bab111ty in other modalities while SMI 1nteFtorrelat1ons question the
internal purity of the various SMI sca]es. These results might
suggest that these modalities are notECOnceptua11y augonoﬁob%; or
that subjects who are good or bad imagers in theée modalities_ are

* good and bad consistently across a re]ated\number 6¥ modalities.
Post hoc comparisons of imaging act1v1t1es pﬁoy1ded some tentative
support for the SMI. However, the p0551b1]1ty éxlsts that subjects «
- with high self-perceptions of imaging ability would be mons
predisposed to engage in 1magery activities than subJects with low
self-perceptions, could account for the post hoc differences as
we]] Further investigation'relating performance differences with
SMI scores appears warranted.

Question 4. : . _}\

Discriminant function analyses did not reveal a combination of

ipdependent variables that were $b1e to separate the succegsful,
mixed and unsuccessful subjects significantly (p= .07635.
Examination of Ehe weightings and correlation coeff{ETEntf\suggested

that "successful" subjects tended to be have cooler baseline hand

temperatufes, favoured females and were slightly older than subjects
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in the other groups. The "mixed" group contained relatively equal
numbers of each gender, began with mildly warmer hand temperatures,
and had lower total SRIA scores relative to the other groups. The
"mixed" and the "successful” groups were also classified as having
slightly lower imagery ability relative to the "unsuccessful" group.
However, treatment condition did appear to be related to
classification as "mixed" or "unsuccessful." Treatment conditions
that .involved biofeedback (BFK and COMB) contributed
disproportionately mere to the "unsuccessful" category (24 Ss out of
34), and non-feedback conditions (GI and control) contributed
d1sproport1onate1y more to the "mixed" category (25 of 34). |

In short, non-s1gn1f1cant indicators from the discriminant
analyses suggested that females with lower initial hand temperatures N
and lower imagery scores were more likely to succeed at warming
tneir hands. These findings are not surprising in Tight_of the
problem of ceiling effects associated with high initial hand
temperatnresi More precisely, subjects who have high initial hand |
temperathres durtng trainfng have less room to demonstrate warming
effects,'whi1e low initia] hand temperatures have more room in which
to demonstrate warming effects Therefore,athese results may be
part1a11y art1factua1 and re]ated.to the use of temperature as a
measure of vasodilation. Since females tend to have lower hand
) temneratures on average than-males,'tne re]atidnshin of gender and

]ow 1n1t1a1 hand temperatures is 11ke1y not random. Interestly,

1ower imaging ability as am asset in thermal training has again been

» &
EY

1mp11cated to a minor degree.

*
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The absence or nresence of feedback may influence
(lassitication an "mixed” or "successful.” Knowing "how one as
doing,"” may not be bonefi(lag especially if the feedback indicates
that one is not succeedlngA Thus, performance anxiety 1in the
feedback conditions (BFK and (COMB) and too much feedback information

I

(in the COMB condition) may contribute to non gains in hand

temperature training.
Contributions of present study N '
An atéempt wa; made in the current study to find treatment \
conditions that would match favourably with subjects’ attributes
(imaging ability) and thus enhance the training effects.
Unfortunately, the expected interaction between imaging ability and
the employment of guided imagery was generally not supported.
J"A]though high imagers in the Gl condition performed significantly
better during session 5 than high imagers in other treatment
conditions, low imagers appeared to berform better under most of the
treatment conditions utilized<in this study.
4 The monitoring and maintenaﬁce of low EMG levels (< 5
microvolts) throughout the training, however, may have cont:ibuted
fo ihe relatively poor training outcomes. The current findings are
consistent with other studies (King & Montgomery, 1981; Donald &
Hovmand, 1981; Rattenbury & Donald, &;éza that have found small
magnitude training effects when somatic maneuvers were controlled.
Thus, there seems to be growing evidence that hand warming via a

central mediated process may only result in minor increases in hand

temperatures at best, and that greater temperature increases involve



somatic mediation. On the other hand, examination of‘the post
session questionnaires revealed that several very successtul
subjects (gains > 2 CO) utilized mental imagery in raising their
hand temperatures while maintaining relaxed forearms. This would
suggest that the relationship between cognitive factors and'thnrmal
control is likely complex and may vary greatly at an individual
level. |

At tﬁis point, one cannot rule out the usefulness of using
thermal imagery as an adjunct to thermal training. (It may be that
the experimgnta1 design of the current study did not allow enough
time for the emergence of an imaging effect or interaction.) Moge
research, involving controls for EMG, are required to limit the role
of somatic maneuvers in thermal regulation. However, the factors
involved in developing voluntary thermal control may not simply be
an "either/or" issue, but may involve somatic, cognitive components,
and some sort of central mediation.
Limitations of the study

The proﬁWéms associated with ambient temperatJre, dependent
measures and assessment of imaging a?ility are aeressed below.

Ambient temperature. Guidelines in the literature (Yates,
1980; Surwit, 1976; Montgomery & Williams, 1977) were followed to
set the ambient temperature at a level that allowed room for .
subject; to demonstrate learning effects while minimizing ceiling
and cooling or drift effects. An approximate ambient temperatu}e of

23% ¢ (+/- 0.6 C°) was thought to be an' adequate compromise.

However, the analysis of the session by trial data represeﬁted in
‘ p

<



Frgure® shows an overall tendency for all groups to decredse hand
temperatures within each session over time. [This suggests that the
laboratory enwvironment may have had a chilling effect on most
subjects, despite comments of comfort from most Ss. Comfort levels
appear to be related to personal perceptiond as the same ambient
temperature was reported as Q;rm and cool by various subjects. As
well, attempts to control for muscle activity through prior verbal
instruction and EMG monitoring may have limited the mediation of
hand temperatures via muscular activity and may have also
contributed to a cooling trend. This contention is supported by
¥ing and Montgomery (1981) who have reported that muscular activity
was necessary in the mediation of hand warming.

The dependent measure. The mean hand temperature scores in
this study were based on a larger time interval than many studies
reviéwed in the literature. For example, Vasilos and Hughes (1979)
used a single peak temperature as his dependent meXsure while
Herzfeld and Taub (1977, 1980) took a single témperature at the end
of a specified time period. The measures in the current study are
likely truer indicators of the actual performances of subjects
during training since they sample a larger time interval which
diminishes chanrce fluctuations in hand temperatures. However, a
larger time interval may increase the diificu]ty of obtaining

significant results.
A
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Problems in the assessment of imagery. Attempts to
quantitively describe imaging ability which is essentially an
introspectivé process has met with many §hortcomings. In this study
imaging ability was defined as the scores on fhe Switras Survey of
Mental Imagery (SMI) questionnaire. The SMI wa:s cmpicyed after a.
perusal of the literature because it had several‘advantages over
other existing questionnaires. Yt attempted to assess several
imaging modalities, separated control and vividness, and offeréd a
set of norms (albeit, a limited set). However, ceiling effects were
noted in several modalities, especially visual, which fai{ed to
diigﬁiminate amongst subjects at the upper end of the questionnaire.
As-well, because some sca]e‘;(for example, visual) utilized more
items than others, théir input towards the overall imagery score was
dispropqrtionate. sGreater difficulty in the items, weighted scale
scores and.perhaps a seven point Like;t scale for both \‘
contrdllability and vividness would increase the variability in the
responses. ~

Since many of the SMI scores;seemed to be high]y correlated,
one wonders about the conceptual purit; of many of the scales.
Instead of seven modalities other writers have suggested that only
three or fo&r modalities are relatively distinct (Bandler & Grinder,

; ‘ —4
1975). ~

Perhaps‘the greatest limitation of self-assessment
questionnaire:type instruments, such as the Betts and the SMI, is
the subjectiwve factor. Subjects do not have any basis for

: }
comparison and can only re]x‘on their qwn standards or perceptions
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of imaging ability (Kaufmann, 1981). Conceivably, eguivalent

imaging abilities may be judged poor or good depending on whether,
subjects apply stringent or loose standards in their interpretation

of imaging ability. Y
Unless imagery scores can be validated or substantiated against
some external criteria, the assessment ofedmagery will remain a
major stumbling block to study in this area. Some gttempts'to
quantify visual imaging ability through tasks .such as mental spatial
ﬁanipulations (Sherman, 1978)2 ang/image size (Kosslyn, Pinker, )

-

Smith, & Shwartz, 19;9) may be reflective of visualization to some|

degree (but may reflect prior learning as we]l%)iut may not be as

meaningfully equivalent or personally relevant self-generated

images. This difference may be important especially in ‘.

psychotherapies which incorpofate imagery in the process\of s

cognitive change. To find codnterparts for the other modalities is

-

more difficult. How does one validate a hlqh'ﬂqfactory imaging

! re? Is the measurement of olfactorial acu1ty the same thing?
esthetic, tactile, somaesthic, gustatory, and auditory present
similar probliems. | » ]
Implications for future research.

It is this researcher’s view that assessment and’validatip of
imaqﬁifﬁﬂulity present as major;road‘blocks in the study of [)}
imagery. If the area of imagery is considerad in terms ana]oﬁous to
the study of intelligence, this may lead to more fruifful pursuits

AY

of its quantificaiion. In the assessment of intelligence,

5

cqnétructs, thought to reflect intellect, are operationalized into
<" .



objective tasks and performénces in the form of an intelligence
test. Scores from these tests are then tabulated and compared to a
_ norming group appropriate to the age of the subject to arrive at an
iﬁtel]igence quotient. As well, extensive studies have also been
conducted to test the construct validity, predictive validity, and
criterion-based validity of these intelligence tests. A |

It is sug,ested that tk§>measurement of imaging ébi]ity should
be approached’in a similar and rigourous manner as in the
quantification of inte]]ige;;e. Imagining constructs need to be
operationalized, and behavioral correlates of imaging ability need
to be specified. Furthermoye, extensive norms ne to be developed,
and imaging sco}es from\§ug2>tes§s and inventories need to be
evaluated (or va]idatgd) against performances in areas thought to be
compatiable and 2ncompatiab1e with high or 103 imagery ability in a
particular modality. This is not a simple task and would iﬁvo]ve
the same kind of effort as has been witnessed in the area of '
inteiligence. However, without this kind of basis, much of the
future research into fﬁagery wi11\un]y be speculative. .

Since males and fema]es*§bpear to have diff%rent "normal” hand
temperatures, drift effects (Yates, 1980) and cooling effects could

- ] B .
be minimized by training males and females at different ambient

temperatures. There is also some evidence to suggest that

peripheral temperatures of females respond differently than males in

similr temperature environments, and the study of vasodilation may

yield more fruitful findings if males and femafes are studied as

separate populations.

P 2
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One problem observed in the review of the literature was the
diversiiy of dependent measures used by various researchers. “lt s
difficult to eva]uate research findings tHat involve a different
| metric , such as peak temperature changes (Vasilos & Hughes, 1979),

a single unit of measure at a given point (Herzfeld,ahd Taub, 1977,

1980), differential temperatures (Roberts, Kewman & MacDonald,

1973), and "ipsitization" of scores (Herzfeld & Taub, 1977, 1980).

The use of standaraized dependent measures would facilitate direct J
comparisons of results across studies.

One of the possible explanations of the relatively poor
performance of the high imagers relative to Tow image}s may involve
the concept of other-directed versus self-directed imagery
(worthingtoh,"l§78). Perhaps high imagers prefer to self-initijate
thermal imdges and find that other-directed imagefy interferes w{th
;heir ability to produce and become persomally involved in these
imagéé. '

"The relationship of somatic maneuvers and peripheral! hand
temperatures needs to be further.investigated. Taub and Emurian
(1976;. School & Taub, 1980) contend that the influence of muscular
mediation in vasodilation is minor, while King and Montegomery
(1981) saggest vasodilation is impossible without somatic mediatian.
There has only been a handful of studies in this regard (Rattenbury
& Donald, 1982; Cincirpini, 1982; Donald & Hovmand, 1981) qnd the
monitoring of EMG levels in future studies would be desirable.

Riley and Furedy (1985) and others (Lacroix,. 1983) have

suggested that learning of various physiologital responses should be

.
Ve
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viewed in terms of an inferp]ay between cognitjve and non-cognitive
Sy;tems. They suggest that cognitive approaches involving
propositional information such as in biofeedback‘(and possibly
imagyery, as well) would be adequate in the training of target
responses (TR) that are related more directly to a cognitfve system
(for example, EMG training), but are jnadequate for training other
TR’s'such-as finger temperature which they suggest requires a
non-cognitive intervention. Cognitively system-based TR’s can beh
modified by the manipulation of cognitions while non-cognitively

, based TR’s must be learned through doing or reacting (i.e.
respondent condifioning). In other words, training of non-cognitive
systems such as the sympathetic nervous system (SNS) involves actual
performance. Riley and Furedy view the cognitive and non-cognitive
;ystems not as autonomous, but as interactive, and their dégfée‘of !
interaction varies for varieus TR’s. Thus, the success of cognitive
interventions such as guided imagery and biofeedback for hand
warming may be limited to the degree that Ss’ cognitive systems
interact with non-cognitve systems.

SupportiQe of this view, were post-session responses on
questionnaires by successful subjects in)fhe BFK group who utilized
warm imagery strategies throughout their training. This suggests »
that the interrelations 6f the cognitve and nbh-cognitive systems

ary individually for hand warming, and that guided ihagery may

e effective for some subjects while pot for others.
For Riley and Furedy finger temperafhre training would be best

approached.from a classical conditioning paradigm. However, reviews

>
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of classicajly conditioned vascdilation ‘Ljsina, 1965' Hayduk,

1979; Weidel, 1983) indicate_that -finger temperature 1nc‘§ases Wwere
of short durat1on episodic, and tended to be modest as we]] Thus,

the cond1t1on1ng of the SNS may be a necessary first step while the

~

addttion of a cogn1t1ve system approach may be fecessary-as a second

" step in extending. tralnlng effects and dn its malntenance

-
-

More reséarch using,Riley and Furedy s paradigm wou]d 11Ke]y

he]p to- de}1neateobetween TR’s that are amenabde prlmar11y to
cognitive 1ntervent1ons as opposed to TR s that upu]d be best
approeachgd oith nonscognitive 1nterVentlons, such as classical
conoitionings. As.well, overlapping-treatments infolving both

cognitve and non-cognitive interventions simulataneously, or

o *. R

successively shoo1d also pe examined.

Emot¥ve imagery as an alternative to the neutral images
uti]izeo invthe current study may prodoce quite different.resuTts.
Emotive 1mages-ma]'havermore interconnections with the autonomic
nervous sySEZm than do neutral images, and therefore, may be more
facilitative of physiologicai'changes. The.task'in training would
then be fer subjects to generate their owo imagery (which would
likely be more'meaaﬁngfuT) and;fino particular scenes or situationsrn
that are associated with'temperature increases. (For example, one

volunteer who was not included in this study, used images of love

\ “
scenes successfully to increase her hand temperature.)

Lastly, there is a need to integrate research'results within a-
more complete theoretical framework. Earlier theories were

- behaviorally oriented and too simplistic conceptually. Although
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Riley and Furedy (1985) have made a considerable contribution in

~terms of subsuming some of the research.in this area, further theory
development and elaboration are still necessary. For example, the

. interrelationship betweenlcogﬁitive changes of expectancies of

success (via biofeedback) need’ to be explained concommitantly in -~
terms of neuropsychological and physiological changes. Mind an@A,

body are no longer considered separate, but interactive, and future
theories in the area of physiological control n:ed to address this

position.
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APPENDIX I
Volunteer Materials

Suey Yee

Dept of Ed Psych

6-101 Education North Blg
University of Alberta

Date
name
address
city
Dear (insert volunteer’s name):
Thank-you for your participation in,"this study. Before
beginning, please check to see that you have: (a) a subject

information sheet, which is attached to the Self-Ratings of Imagery
Ability (SRIA) questionnaire, (b) the Survey of Mental Imagery, and
(c) a purple computerized answer sheet.

The subject information sheet should be filled out first, and the
times that you are available for laboratory participation indicated.
Secondly, complete the SRIA questionnaire regarding your personal
estimates of your imaging ability, and use the descriptions provided
as guidelines for ~ each sensory modality. Lastly, .read the
instructions carefully for the Survey of Mental Imagery and make your
responses on the computerized answer sheet only. Although this
questionnaire appears quite lengthy, on average it takes about 20
minutes to complete. Make sure however, that there are minimal
distractions in your environment while you are responding to these
items. 0dd-numbered questions refer to imagery control and have only
3 possible responses (A, B, or C) while vividness of imagery questions

-(even-numbers) have 5 possible responses (A, B, C, D, or E). Please
note that it is not unusual to have vivid imagerygin some sensory
modalities while not in others. If you have any queries whatsoever,
please feel free to call me (459-8961).

When the information shee‘and the questionnaires are completed,
please place all wmaterials in the enclosed self-addressed stamped
envelop and mail. ‘

The study itself focusses on the"physio]ogica'cor‘e]ates of the
relaxation responii, and involves the monitoring of hand temperature
and localized mu¥tle tension. The relaxation response will be

P oxamined under 4 different conditions and affer the data has been

tabulated, subjects will be randomly assigned to one of four groups.
I look forward to working with you and will get in touch as soon as
questionnaires have been sc‘d and groups formed. I thank-you again

for your interest.
]
i;er sincerely,

“n

Y
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SUBJECT DATA SHEET

THANK-YOU for volunteering! Today’s date:

Name: Birthdate: ~ Sex: o
Address: Phope:
‘\\

Times available for study: (five consecutive days, if possible, at the
same time each day) :

v

(PLEASE INDICATE)

Time edch day: AM or PM (1st preference)
AM  or PM (2nd preference) <)
Mon - Tues _ Wed _ Thur _ Fri _ Sat _ Sun
Additional information:
yes __ no __a) smoker
yes _ no __ b) suffer migraines; if yes how frequentiy?
____ per year
____per month -
yes _ no __ c) suffer from very cold hands __ or feet
@
females only: Oral contraceptives:  yes  no _

SINCE THIS STUDY IS LOOKING AT THE PHYSIOLOGICAL CORRELATES OF THE
RELAXATION RESPONSE, IT IS IMPORTANT NOT TO EAT OR DRINK ONE HOUR
PRIOR TO ARRIVING AT THE LABORATORY. THANK YOU FOR YOUR COOPERATION.
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Please complete the SELF-RATINGS OF IMAGERY ABILITY (SRIA) below,
before beginning the SURVEY OF MENTAL IMAGERY questionnaire. The SRIA
scores are based on self-estimates of your proficiency in creating
imagery in each of seven sensory areas outlined below. On the row of
dots which follows each modality, place a X or a cirle on one of the
points between "1 and 10". A "1" indicates that you feel that you
have very little imagery ability in that particular modality, while, a
"10" indicates very strong imagery abilities in that sensory modality.

The following definitions are provided as guidelines:

Visual imagery refers to your ability to visualize or see or create a
mental picture. eg picturing your house in your mind ’

Auditory imagery refers to your ability to hear or creale sounds,_
voices and noises. eg hearing a police siren

01factory imagery refers to your ability to create or sense smells,
ordours and fragrances. eg the scent of a rose in the absence of
a real rose ‘ R

Gustatory imagery refers to your ability to imagine tastes of various
foods or substances. eg taste a lemon

Tactile imagery refers to your ability to imagine sensations that are
sensed through your skin. eg imagine a warm cup pressed against
your lips ‘

Somaesthetic imagery refers to your ability to imagine bodily
sensations such as hunger, numbness and other physiological
sensations. eg imagine your mouth getting dry

Kinesthetic imagery refers to your ability to experience bodily
movements. eg feel yourself running, drawing a triangle

SELF-RATINGS OF IMAGERY ABILITY
WEAK : ) STRONG >
s 67 8 90

visual
auditory
ol factory
gustatory
tactile
somesthetic
kinesthetic e e e e e
1 2 3 4 ;s\xs 7 8 9 10

' WEAK , STRONG
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SURVEY OF MENTAL IMAGERY: FORM A

(Devised by J. E. Switras)

Instructions:

The following is a questionnaire designed to determine the type
of mental tmages that you are able to produce and manipulate. But
first, what are mental images? In the past they have been called
pictures in the mind, but actually images can be tastes, sounds,
feelings, sensations, as well as visual scenes. They can also be
combinations of sights, tastes, feelings, etc. An image can be
something that you see when your eyes are closed; something that may
look as if you can just reach out and pick it up, but which is really
not there. An image can be the taste of an orange when you have not
actually eaten one. An image may be the smell of a flower when you
try to remembeP what one smells like. As a last example, the picture
in your mind of your home as you try to recall what it Tooks like is
also an image. An image can be experienced as a photograph, a movie
or as if you are really there and it is really happening.

In responding to this questiqnnaire you will be asked to imagine
that a variety of things are actually happening. You may be asked to
close your eyes and try to see a flowerpot, one with a large red
flower growing out of it. You may be asked if you can smell the
flower and maybe even water it. All this will occur in your thoughts
only, but ‘at the time may seem as real as the chair in which you are
seated. For most people this is a new and exciting experience, one
~ that proves quite interesting.

With the actual image proposals, please choose the answer that is
closest to describing what it is that you are experiencing. Answer
every question, even if the answers do not express precisely how you
feel. Mark your answers on the answer sheet only.

Name: . - Birthdate: Sex:
- _—
Date: Additional information:
) smoker: yes __ no __
suffer migraines: yes __ no __
suffer cold hands/feet: yes __ no _
no

(femaleé only) Oral contraceptives: yes
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The following sections will deal with actual images that you will
attempt to produce. These will involve seeing, hearing, smelling,
tasting, feeling and~doing things that occur in your mind and
imagination only. Respond to each test item in the following manner.
First read the item, then close your eygs and try to have the proposed
experience. Whatever the task indicated by the item (visualizing a
picture, tasting a fruit, etc.), pay attention to 2 elements of what
is occurring: (1) How well you can CONTROL or manipulate the image,
and (2) How VIVID or real is the scene, taste, sensation, etc. By
control is meant experiencing the scene as close tg the item
instructions as possible, For example, if asked t® form a mental
picture of a squirrel eating an acorn, you were able to do so exactly.

Each item is followed by 2 opport\nities to respond. (a) Since
each item is in the form of a question,™{ is possible to respond with
either a "no" (A), "unsure" (B), or "yes" On the answer sheet
blacken in letter "A" (no) if you did#iot phPpduce the proposed image;
blacken in letter "C" (yes) if you prdduced the image. If you are
really not sure®f the image was there, blacken in "B" (unsure).

(b) Next, 5 letters follow preceded by the word vividness. Each
Tetter tells how vivid or real the image was as you experienced it.
On the answer sheet blacken in the number "A" if.there is absolutely
no image, and all that is happening is that you are thinking of the
scene, odor, sound, etc.' Blacken "B" if you are uncertain of the
image, if the image is indistinct, vadue, ambigyous, dim, hazy,
doubtful, etc. Blacken letter "E" if the image is limited or
moderately clear, vivid and perceptible. Blacken in "D" if the
proposed experience is reasonably unobsud‘ie, vivid, and c¢lear.
Finally, blacken "E" if the experience (image) seems as if it is
~really happenjpng. Here the image should be distinct, photographic (if
visual) and fectly clear and vivid; exactly the experience
proposed. ; - :

, Be sure to attemptyéach item, and respond to both questions that
follow the item. '

EXAMPLE:

Q. Can you visualize a book? ~
1. control: A-no B-unsure €-yes .
2. vividness: A B C D G

A. On the computerized answer sheet:

ABCDE . : _ :

1. 00000 This response indicates that an-image of a book
: did occur. '’ ‘
ABCDE :

2. 00000 This response indicates that it seemed as if a-

- real book was actually there.

a



A

Begin when you are ready. B’

B3

Can you taste scur milk
3. control: A no B unsure (L yes”
4  vividness: A B C D

On the computerized answer sheet:

ABCDE
2. 00000 This response indicates that the person could
not be sure that an image was there
ABCD _
4. 00000 This reponse indicates that some indistinct,

vaque, trace of a taste occurred that seemed to

resemble Sour milk.

(N
ne ) ,\\‘ \

VIVIDNESS SCALE: - . \

A--absolutely no image

B--indistinct, vague, ambiguous, dim, hazy, doubtful
C--limited, moderately clear or vivid and perceptible

D--reasorably unobscure, vivid and clear

E--really happening;

I.

(photographic)

ATTEMPT THESE ITEMS WITH YOUR EYES CLOSED. TRY TO "VISUALIZE OR'®
GET A MENTAL .PICTURE" OF WHAT IS PROPOSED IN EACH ITEM.

'Can you see the color red?
1. control: A-no B-unsure C-yes
2. vividness: A B C D ¢t

Can you see a horse standing alone?
3. control: A-no B-unsure C-yes
4. wvividness: A B C D ¢t

Can you see the horse trot away? -
5. control: A-no B-unsure C-yes
&. evividness: A B C D E

Can yeiu see a bird sitting on a telephone wire?
7. control: A-no B-unsure C-yes
8. vividness: A B C°'D E

Can you see the bird jump from the wire and fly~{o the ground?

9. contrel: A-no B-unsyre C-yes
10. vividness: A B C D ¢t

]

!

sure to respond to each items

distinct, perfectly cledn and vivid

4
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Can
11.
12.

Can
13.
14.

Can

colored liqui

15.
16.

Can
17.
18.

Can
19.
20.

Can
21.
22.

Can
23.
24.

Can
25.
26.

Can
27.
28.

Can
29.
30.

Can
31.
32.

you see the bird fly up and land on a branch of a tree?
control: A no B-unsure ( yes
vividness: A B C 0 ¢t
“~

you see a bottle on a picnic table?
control: A-fo B unsure ( yes
vividness: A B C D t 5

2 N
control:* A no B-unsure C-yes
vividness: A B C D ¢

you see t;;ksame bottle on the picnic table, filled with a

you see the same bottle with a different colored liquid?
contrel: A-no B-unsure C-yes
vividness: A B C D ¢t

you see a girl with red hair eating a green apple?
control: A-no B-unsure C-yes
vividness: A B C D E

you see a tobacco pipe?
control: A-no B-unsure C-yes
vividness: A B C D E , L

you visualize the number "123" written on a*blackboard?
control: A-no B-unsure C-yes
vividness: A B C D t

you visualize a circle with the letter B inside?
control: A-no B-unsure C-yes
vividness: A B C D E .

you See a dog dancing?
contrql: A-no B-unsure C-yes
vividness: A B C D E

you see a bird reading?
control: A-no B-unsure C-yes
vividness: A B C D E

you see a woman lifting an automobile over her head? -
control: A-no B-unsure C-yes
vividness: A B C D E

166
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VIVIDNESS SCALE:

A--absolutely no image

B--indistinct, vague, ambiguous, dim, hazy, doubtful

C--limited, moderately clear or vivid and perceptible

D--reasonably unobscure, vivid and clear

E--rea 1y happening; distinct, perfectly clear and vivid

(photographic)

[1. ATTEMPT THE FOLLOWING ITEMS WITH YOUR tYES CLOSED.

TRY TO "HEAR THE SOUND" PROPOSED IN tACH ITEM.

Q. Can you hear the voice of a woman talking to someone?
33. control: A-no B-unsure C yes
34. wvividness: A B C D ¢t

Q. Can you hear a woman’s voice in the distance yelling
something out loud?
35. contrel: A-no B-unsure C-yes
36. wvividness: A B C D t

Q. Can you hear a masculine voice humming a tune?
37. control: A-no B-unsure (-yes
38. vividness: A B C D t

Q. Can you hear the sound of a train whistle?
39. control: A-no B-unsure C-yes
40. vividness: A B C D ¢t

Q. Can you hear the sound of a police siren?
41. control: A-no B-unsure C-yes
42. vividness: A B C D E

Q. Can you hear a record being played Toudly?
43. control: A-no B-unsure C-yes
44. vividness: A B C D

Q. Can.you hear someone lower the volume on the record player?
45. control: A-no B-unsure C-yes
46. vividness: A B C D t

Q. Can you hear a trumpet baing played?
47. control: A-no B-unsure C-yes
48. vividness: A B C D E

Q. Can you hear a bathtub filling with water?
49. control: A-no B-unsure (C-yes
50. wvividness: A B C D E

Q. Can you hear a child crying?
51. control: A-no B-unsure C-yes
52. wvividness: A B C D E

< v
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Q. Can you hear someone with heavy leather boots walking
across a wooden floor?
53. control: A-no B-unsure C-yes )
54. vividness: A B C D ¢t

Q. Can you hear two people whistling while a third person sings?
55. control: A-no B-unsure C-yes
56. vividness: A B C D ¢t

Q. Can you hear water splashing?
57. control: A-no B-unsure C-yes
58. vividness: A B C D ¢t

VIVIDNESS SCALE:

A--absolutely no image

B--indistinct, vague, ambiguous, dim, hazy, doubtful

C--limited, moderately clear or vivid and perceptible

D--reasonably unobscure, vivid and clear

E--really happening; distinct, perfectly clear and vivid
(photographic)

I11. AGAIN WITH YOUR EYES CLOSED, ATTEMPT TO "SMELL THE FOLLOWING
ODOURS AND FRAGRANCES."

Q. Can you smell the odor of a gasoline station?
59. control: A-no B-unsure C-yes
60. vividness: A B C D E

Q. Can you smell a raw _onion?
61. control: A-no B-unsure C-yes
62. vividness: A B C D ¢t

Q. Can you smell a rose?
63. control: A-nd B-unsure (C-yes
64. vividness: A B C D

Q. Can you smell #h odor that you really like?
65. control: A-no B-unsure C-yes
66. vividness: A B C D E

Q. Can you smell the odor of a freshly mown lawn?
67. control: A-no B-unsure C-yes
68. vividness: A.B C-D E

Jlk\ Can you smell a hamburger?
) 69. control: A-no B-unsure C-yes
70. vividness: A B C D E_
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Can you smell the odor of a new pair of shoes?
71. control: A-no B-unsure C-yes
72. wvividness: A B C D E

Can you smell the scent of a new bar of soap?
73. control: A-no B-unsure C-yes
74. vividness: A B C D ¢t

Can you smell incense burning?
75. control: A-no B-unsure C-yes
76. wvividness: A B C D E

Can you smell the odor of sausages frying?
77. control: A-no B-unsure C-yes
78. wvividness: A B C D ¢t

Can you smell the strong odor of ammonia?
79. control: A-no B-unsure C-yes
80. vividness: A B C D € =

VIVIDNESS SCALE:

A--absolutely no image

B--indistinct, vague, ambiguous, dim, hazy, doubtful

C--limited, moderate]y clear or vivid and percept1b1e
D-—reasonab]y unobscure, vivid and clear
E--really happening; distinct, perfectly clear and vivid

Iv.

90. vividness: A B C D E

(photographic)
WITH EYES CLOSED, ATTEMPT TO EXPERIENCE

THE PROPOSED "TASTES." *
Can you taste fresh raw lemon juice?
81. control: A-no B-unsure C-yes .
82. vividness: A B C D E .
Can you taste salt? | ’ 1
83. e¢ontrol: A-no B-unsure C-yes

84. vividness: A B C D E .

Can you taste something sweet?
85. control: A-no B-unsure C-yes
86. vividness: A B C D E

Can you taste a chocolate bar?
87. control: A-no B-unsure C-yes
88. vividness: A B C D E )

Can you taste jelly?
89. control: A-no B-unsure C-yes



Q. Can you taste an apple?
91. control: A-no B-unsure C-yes
92. vividness: A B C D E

Q. Can you taste soup?
93. control: A-no B-unsure C-yes
94. wvividness: A B C D E
"
Q. Can you taste fried chicken?
95. control: A-no B-unsure C-yes
96. vividness: A B C D.E

Q. Can you taste salad dressing? )
97. control: A-no B-unsure C-yes
98. vividness: A 8 C D E

Q. Can you taste a piece of pizza?
99. control: A-no B-unsure C-yes
700. vividness: A B C D E

Q. Can you taste Coca-Cola?
101. <control: A-no B-unsure C-yes
102. vividness: A B C D E

Q. Can you taste a pear?
103. control: A-no B-unsure C-yes
104. vividness: A B C D E

Q. Can you‘taste fried eggs?
105. control: A-no B-unsure C-yes
106. vividness: A B C D E

>

VIVIDNESS SCALE:

A--absolutely no image
B--indistinct, vague, ambiguous, dim, hazy, doubtfu]
C--limited, moderately clear or vivid and perceptible
D--reasonab]y‘unobscure. vivid and clear
E--really happening, distinct, perfect]y clear and v1v1d
(photographic)

V. NEXT, SEEIF YOU CAN ."FEEL" THE FOLLOWING PROPOSED EXPERIENCES.

ONCE AGAIN, ATTEMPT TO HAVE THESE EXPERIENCES WITH YOUR EYES
CLOSED. -

Q. Can you fee] a toothbrush rubbing aga1nst your gums and teeth?
A07. control® A-no B-unsure C-yes
108. vividness: ‘A B € D E

G e TR T T N e - e . - o m C -
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Q. Can you feel long cool grass against the bottom of your bare feet?
109. control: A-no B-unsure C yes :
110. vividness: A B C D ¢t

Q. Can you now feel a rough scouring-pad ru?bing over
your fingertips?
111. control: A-no B-unsure C-yes
112. vividness: A B C DO ¢t

Q. Can you feel a feather tickling your nose?
113. control: A-no B-unsure C-yes
114. vividness: A 8 € D E

Q. Can you feel a hand on your shoulder?
f15. control: A-no B-unsure C-yes
116. vividness:- A B C D ¢t

Q. Can you feel fingers scratching your scalp?
117. control: A-no B-unsure C-yes
118. " v‘ividnsss: A B C D E

Q. Can you feel a warm cup pressed aéainst your lips?
119. control: A-no B-unsure C-yes .
120. vividness: A B C D E . ' . /

Q. Canm you feel your hand an a doorknob?
121., control: A-no B-unsure C-yes
122. " vividness: A B C D E ¢
Q. Can you feel fur-lined gloves on your hands?
123. control: A-no B-upsure C-yes
124. yividness: A B C D_E
: . - R
Q. Can you feel warm soup in your mouth?
125. control: A-no B-unsure C-yes
126. vjvidness: A B C D E,
T R
s

VIVIDNESS SCALE:

A--absolutely no image

B--indistinct, vague, ambiguous, dim, hazy, doubtful

C--limited, moderately clear or vivid and perceptible

D--reasonably unobscure, vivid and clear )

E--really happening; distinct, perfectly clear and vivid
(photographic)

- !
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VI. WITH EYES CLOSED, TRY TO IMAGE (EXPERIENCE) THE FOLLOWING ‘
"PHYSICAL SENSATIONS." .

Q. Can you imagine yourself being extremely hungry?

127. control: A-no B-unsure C-yes
128, vividness: A B C D ¢t

Q. Can you imagine (feel yourself) becoming sick to  your, stomach?,
129. control: A-no B-unsure C-yes
130. vividness: A B-C D ¢t

Q. Can you feel your mouth becoming dry? ‘
131. control: A-no B-unsure C-yes :
132.  vividness: A B C D &

Q. Can you feel your mouth kow becoming moist?
133. . control: A-no B-unsure C-yes
134. vividness: A B C D ¢t

Q. Can you feel a headache?
135. control: A-no B-unsure (-yes
136. vividness: A B C D ¢t

Q. Can you feel your body surge with energy?
137. control: A-no B-unsure C-yes
138. vividness: A B C D E .

Q. Can you feel a tickle in your arm?
139. control: A-no B-unsure C-yes
140. vividness: A B C D E

Q. Can you feel a numbness in your foot?
141. control: A-no B-unsure C-yes .
142. vividness: A B C D ¢t . ‘

Q. Can you feel th{s numbness move up to $our hand? . -

143. control® A-no B-unsure C-yes
144. vividness: A B C D E

Q. Can you feel an itch on your left cheek?

145. control: A-no B-unsure C-yes v
146. vividness: A "B C D E

¢
- AL
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VIVIDNESS SCALE:

A--absolutely no image

B--indistinct, vague, ambiguous, dim, hazy, doubtful

C--limited, moderately clear or vivid and perceptible

D--reasonably unobscure, vivid and clear

E--really happening; distinct, perfectly clear and vivid
(photographic)

VII. WITH EYES CLOSED, TRY TO "EXPERIENCE THE FOLLOWING MOVEMENTS,"
AS IF YOU WERE ACTUALLY DOING THEM.

Q. Can you feel yourself running down some stairs?
147. control: A-no B-unsure C-yes
148. vividness: A B C D ¢t

Q. Can you feel yourself jumping up and down?
149. control: A-no B-unsure C-yes
150. vividness: A-B C D ¢t

Q. Can you feel yourself throwing a heavy rock?
151. control: A-no B-unsure C-yes
152. vividness: A B C DO ¢t

Q. Can you feel yourself drawing a triangle?
153. control: A-no B-unsure C-yes
154. vividness: A B C D E

Q. Can you feel yourself writing your name?
-155. control: A-no B-unsure C-yes
156. vividness: A B € D &

Q. Can you feel yourself kicking a football?
157. control: A-no B-unsure C-yes
158. vividness: A B C D E

Q. Can you feel yourself swingihg a baseball bat?
159. control: A-no B-unsure C-yes
160. vividness: A B C D E

Q. -Can you feel yourself tying a knot with some rop%i.
161. control: A-no B-unsure C-yes
162. vividness: A B C D E

Q. Can yoﬁ feel yourself swinging on a park swing?
163. control: A-no B-unsure C-yes :
164. vividness: A-B C D E

Q. Can you feel yourself shuffling a deck of playing cards?
165. control: A-no B-unsure C-yes
1669 vividness: A B C D E A
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Can you feel yourself bending down to pick up a dime?
167. control: A-no B-unsure C-yes
168. vividness: A B C D G

Can you feel yourself standing up from a seated position?
169. control: A-no B-unsure C-yes
170. vividness: A B C D E

Can you feel yourself singing a song?
171. control: A;no*B-unsure C-yes
172. wvividness: A B C D E '



TABLE 1:

Source

Bet&een
Within
Total

TABLE 2:

Group

1-HI
2-HI
3-HI
4-HI
1-1L0
2-L0
3-10
4-10
Total

Souree
Between

Within
Total

APPENDIX 11

Extended results: Sample characteristics

Age (in years) by Groups (4)

n Mean S. D. Range
20 30.20 8.85 20 - 55
20 27 .45 6.92 19 - 39
22 31.14 9.32 20 - 47
21 . *29.24 7.52 21 - 52
83 29.54 8.20 19 - 55

D. F. S. S. M. S.

groups 3 154.0520  51.3507
79 5354.5504 67.7791
82 5508.6024

Age (in years) by Groups (8)

n - Mean S. D. Range
10 31.00 12.04 20 - 55
10 26.60 6.88 19 - 39
11 31.27 8.68 21 - 46
11 29.18 9.57 21 - 52
10 29.40 4.35 23 - 36
10 28.20 - 7.23 19 - 38
11 <31.00 10.34 20 - 47
10 29.30 4.90 23 - 39
‘83 29.%4 8.20 19 - 55

D. F. &. S. M. S.

groups "7 181.7842  25.9692
75 5326.8182 71.0242
82 5508.6024

F prob.
7576 .5212
>
F prob.
..
.3656  .9194



TABLE 3: Years of Education by Groups (4)°

Group n
1 20
2 20

' 3 22

"4 21

Total .83

fsource’

Between groups

Within
Total
TABLE 4:
Group n-'
1-HI 10
2-H? 10
~3-HI 11
4-H] 11
1-10 10
2-10 10
3-10 11
4-10 10
Total 83 |
Seurce .
Between groups
Within
Total

Mean

15.75
14.25
14.77
15.14
14.98

D. F.
3 A

79
82

Mean

15.70
13.30
14.55
15.00
15.80
15.20
15.00

15.30°

14.98
D. F.

C 7
75
82

S.

4

S. D.

.95
.38
.86
.46
.68

RN

S.

24.0167
565.9351
589.9518

S. D.

NN WRMN NN =W
o
~J

S. S.
3.7245

546.2243
589.9518

Range

11 - 21

10 - 21

11 - 21

12 - 21

10 - 21
M. S.

8.00%56 -LIUS
7.1637

Years df Education by Groups [(8)

F prob.
.3471

F prob.
8577 .5439 -

Ranges
11 - 21
10 - 15
11 - 20
13 - 19
12 - 21
13 - 21
11 - 21
12 - 21
10 - 21
M. S.
6.2464
7.2830

v

TABLE 5: qua1 Contro]labilityiScores by Groups (4)
d 7 '

Grou n
doud .

1 .20

2 20

3 22

o4 .21

Total 83

Source

Bétween groups

‘Within
Total

Mean

229.10
231.00

0 228.32

230.43
229.69

D. F.
3

94.1398

S. 0.

26.75
22.39
31.38
25.81
26.41

S. S.

79 57117.7156
82 57211.8554

Range

156
183
'155
.162
155

258
258
258
258
258

M. S.

31.3799

723.0091

F
0434

Lid

prob.

.9879

176



TABLE 6: Total Controllability Scores by Grouﬁé (8)

Group

1-HI
2-HI
3-HI
4-HI
1-10
2-10
3-10
4-10
Total

Sourc

Between groups

Withi
Total

SCHEFFE PROCEDURE:

\

e

n

gro

O~ WM

n

10
10
11
11
10
10

11,

10
83

up

S.

D.

9.14.
8.09
6.
6.13

87

30

.96

Mean
248.50
249.60
251.18
249.18
209.70 7 24.
212.40 14
205.45 29.
209.80 23.
229.69 26.
D. F. S.

7 34164.

75  23047.

82 57211.
P

group

* % % *
* % * »

* O % *

51
15\
4]

S.
8554

0000
8554

Range
235 - 258
236 -- 258
236 - 258
+239 - 258
156 - 229 g
183 - 234
~ 155 - 234
162 - 235
1595 - 258
M.S. - F
4880.6936
307.2933

(*) pairs different at

1 2 3 4 5 6 7 8

1% 8828

.05 level

»*
»

177
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TABLE 7: Total Vividness Scores by Groups (3) -

Group 1 Meagp - S. D. Range

1 20 308.70  66.64 174 - 417

2 20 311.85 +65.34 204 - 430

3 22 297.27° 68.61 171 - 402

4 21  302.81  56.60" 198 - 387
Total 83  304.94  63.54 171 - 430
Source D, F. 5. s. M. S. F
Between groups 3  2626.3471  875.4490 .2106
Within 79 328396.3517 4156.91¥58
Total - 82 331022.6988 o
&>
L)

TABLE 8: Total Vividness Scores by Groups (8)
Group n Mean S. D. - Range ‘

1-HI 10 363.10 33.40 320 - 417
2-HI 10 368.90  29.70 329 - 430
3-HI 11 ~ 352.00° 27.63 319 - 402
4-HI 11 - 350.18 - 19.26 323 - 387
1-t0 10 254.30 - 4l1.01 174 - 301
2-L0 10 258.80 29.96 204 --291
3-t0 11 242.55 50.32 171 - 313
4-L0 10 250.70 30.78 198 - 287
Total 83 304.94 63.54™ - 171 - 430

L

Source . D. F. S..S. M. S. e
Between groups 7 244638.7352 34948.3907 .30.3428
~Within 75 '86383,9636 . 1151.7862
Total . 82- 331022.6988-  ” .
SCHEFFE PROCEDURé\ (*) pairs different at .05 Tevel
| " group | T
v o 7 8 5 6.4 3 1 2
. mean group , ' . :
242.55 71 o
250.70 8 ,
254.30 5 s .
254.80 .6 T
350.18 . |, 4 LR %
352.00 3.0 txox *Q -
363.10 1 *x Kk kX
\368. 90 2 R N N

prob.

.8888

/
7

s

/0000

l

}78'
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A
_ TABLE 9: Total SMI Scores by GROUPS (4)

a
Group n - Mean S. D. Range

1 20 527.80 108.01 273 - 674

2 20 542 .85 85.32 419 - 688

3 22 525.14 98.43 342 - 660

4 21 533.33 79.99 380 - 635
Total! 83 532.12 92.07 273 - 688 -
Source D. F. S. S. M. S. t prob.
Between groups 3 3779.7876 1239.9292 .1440 .9333

»Within 79 691375.0076 8751.5824

Total 82 695154.7952 \

TABLE 10: Total SMI Scores by GROUPS (8)
Group n Mean S. D. Range

1-HI 10 611.60 39.05 561 - 674
2-HI 10 618.50 34.33 579 - 688
3-HI 11 603.18 30.87 571 - 660
4-HI 11 599.55 22.04 572 - 635
1-L0 10 444.00 86.58 273 - 529
2-10 10 467.20 38.39 419 - 523
3-10 11 447.09 77.40 342 - 546
4-L0 10 460.50 49.25 - 380 - 522
Total 83 532.12% 92.07 273 - 688

‘Source D‘ F. S. S. M. S. F prob.
Between groups 7 493962.5225 70566.0746 26.3055 .0000
Within 75 201192.2727  2682.563%

Total 82 695154.7952

SCHEFFE PROCEDURE: (*) pairs different at .05 level

group ' .
5 7 8 6 4 3 1 2

mean group
444 .00
447.09
"~ 460.50
467.20
599.55
603.18
611.60
618.50

— PN W PO~
* 4 * »
ﬁ#ﬂ;#

* % % % 4

* % % »



Ve -

TABLE 11: GENDER by GROUPS (4)

Grouﬁ
] 2 3 4
Gender _ row
female 12 13 13 14 . 52
% 23.1 25.0 25.0 26.9 62.7
% 60 .0 65.0 591 66.7
male 8 7 9 7 ° 31
% 25.0 25.0 28.1 21.9 37.3
% 40.0 35.0 40.9 33.3
' column 20 29 22 21 83
total%  24.1 2471 26 5 25.3 100.0
chi-square D.F. significance -
- S Y20 0.9461
TABLE 12: GENDER by GROUPS (8) v
Group
1 2 3 4 5 6 7 8
Gender row
female 7 7 8 8 5 6 . 5 6 52
% 13.5 13.5 15.4 15.4 9.6 11.5 9.6 11.5 62.7-
% 70.0 70.0 72.7 72.7 50.0 60.0 45.5 60.0
male 3 3 3 3 %5 4 6 4 31
' % 9.7 9.7 9.7 9.7 16.1 16.1 16.1 12.9 37.3
% 30.0 30.0 27.3 27.3 50.0 40.0 54.5 40.0
colufn 10 10 11 11 10 10 11 10 83’

total% 12.0 12.0 13.3 13.3 12.0 12.0 13.3 12.0 100.0
chi-square D.F. significance

- 3.55039 A 0.8299
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APPENDIX III

Daily Pre-training Instructions.
: & '
i
Bibfeedback group
~ Your task in this study is to raise the temperature in your

dominant hand with the use of bipfeedback. The iformation provided
by the thermal feedback may be used to help you develop a method for

increasing your hand temperature. While raising your-finger -
temperature, breathe normally and relax your arms, legs and body as
much as possible. . 3

- Guided imagery group . -

Your task in this study is to raise the temperature in your
dominant hand with the use of a guided imagery audiotape. The thermal
suggestions may be used to help you develop-a method for increasing
your hand temperature. While raising your finger temperature, breathe
normally and relax your arms, legs and body as much as possible.

Combined group -

Your task in this study is to raise the temperature in your
dominant hand with the use of a guided imagery audiotape and thermal
biofeedback. The hand temperature feedback and the thermal -
suggestions may be used to help you develop a method for increasing
yowr hand temperature. While raising your finger temperature® breathe
normally and relax your arms, legs and body as much as possible.

N
Centrol group

Your task in this study is simply to relax yourself as much as
possible with the use of some audiotaped material. This material is
designed to maintain your attention indirettly. While listening to
the audiotape, please relax your arms, legs and body as much as
possible. . ’

\ -

[
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_Audiotaped Instructions: Control Group ] ‘
This audiotape consists of four 5-minute segments of definitions.

Although some of these definitions may not have much meaning for on>
they are desighed to hold.and focus your attention. While listenin
to this audiotape; try'tQJnaintain your regular rate of breathing and

try to relax your arms and legs and your body, as much as possible.

[13]

Before we begin, create in your mind’s eye some somt of vase or

jar ... with a lid or a cover. It could be a vase or a jar from your
A

memory, or your imagination. whatever shape or color that you chose

«

. .
is fine. When you can see your jar or vase clearly in your mind’s

eye, put your everyddy though}s and comcerns into it for safe keeping

and place the 1id or cover over it. You can retrieve these concerns

and thoughts whenever you wish. (37] o

Take a few seconds now, and allow yourself to relax more fully.
Check to see that your legs are relaxed, ... your arms are relaxed,
yéﬁr-head-and shoulders relaxed, ... if necessary shift in your chair
to -make yourself as.comfortable as possible. When ready allow
yourself to passively focus on the following passages.

(TRIAL 1)

~

1. Physical quantities which have both magnitude and direction
" and which add like displacements are called vector = '

quantities. (p. 16) - o ~

2. The coefficient of kinetic friction between two surfaces is
the ratio of 'the force required {o overcome friction to the
normal force pressing the surfaCes together when one
surface is sliding over the other at.constant speed.
(p. 30) : - |
: , . ' .



3. The coefficient df static friction between two surfaces is
the ratio of the force required to overcome friction to the
normal force pressing the surfacfs together when the  °
surfaces are at rest relative to one another. (p. 31)

4. The torque exerted by a force about a fixed point is the

is the distange from the point to the line along which t
force acts. (p. 38) ' . :

5. If the vector suf of the torques acting on a rigid bady is
zero, the'rotational velocity of the body is constant.

. (p. 42) ' : .

6. -One newton is that force which produces .an acceleration of
one meter per second per second in a mass of bne kilogram.
(p- 69) . : ¢

7. The acceleration of a body is direEt]y‘proportiona1 to the
résultant force acting upon it and is inversely
proportional to the mass of the body.  (p. 69)

For the next minute or so, simply relax and make yourSe]f
comfortable. Another five minutes of training will follow shortly.

Please remain seated quietly and wait for the beginning of the next

passage. \_
The second set of definitions will begin shortly. [196] Take a

few seconds now, and allow yourself to relax again fully. Check to
see that your legs are relaxed, ... your arms are relaxed, your head

and shoulders relaxed, ... if/necessary adjust your seéting“to make

.

yourself as comfortable aﬁ possible. When ready allow yourself to
focus passively on the following passage. (RESET EQUIPMENT)

(TRIAL 2) ! N
o : N

8. When a force acts upon a body to produce a displacement,
the work’done by the force is defined as the product of the
displacement ‘and the component of the force in the .

- direction of the displacement. (p. 80 ,

9. The product of the force and the time during which the -
force acts is called the impul The impulse is equal to
the change ‘in. the momentum. (p. 95). Lo

10. The law of conservation of momentum states that the total
momentum of any system of bodies is unchanged by any
actions which occur among the different members of the -
system. (p. 97) Lo~

183

product of the lever arm and the force, where the lever ﬁrm
e \
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11. The resultant momentun‘of a system remains constant when no
external forces act on the system; if external forces act,
the center of mass has an acéeleration proportional to
resultant external force and inversely proportional to'{ﬁk
mass of the system. (p. 98)

12. A Aransverse wave is one in which the vibragjrgns take place
at ‘right angles to the direction in whith tMGwave travels.
(p. 194)- \

13. A-"wave motion in which the 1nd1v1dua1 particles vibrate
back and-forth along the direction in which the wave ‘

S is called a compressional or a long1tud1na1 wave.

194)

gen’s principle may be summarized as Tollows: every

point on the wave front by any wave mot#on may be regarded

as a secondary source of "Huygens" wavelets which spread
out with the velocity of the primary wave. To find.the
wave front at any time (delta t) later, we find the forward
surface which is tangent to all these secondary wavd
fronts. This surface gives the new pos1toq of the primary
wave front. (p. 199)

For the next minute or so, simply relax and make yourself

4.

, , ¢
comfortable. Another fivé minutes of training will fotggw shortly.

Please remain §%ated quietd}y and Mait fog. the beginning of the next“
¢ kthe !

L] . s

" passage. (RESET EQUIPMENT)
The third passage will bggin~sh§rt1y, take a few second§ noyw and
allow yourself to relax again; fully. ' Check to see that ydur 1égs.

are relaxed, your arms are relaxed, your.head and shoulders relaxed.

»

If necessary adjust your sgating to make yourself as comfortable as
possible. When ready allow yourself to passively focus on the
.fo11ow1ng passage. .--

(TRIAL 3) ¢

.

15. Théxtroduct of the pressure and the volume is given by
hirds of the number of molecules multiplied by the |,
?verage)k1netic energy of.the translation.of the mo]ecu]es
p. 260 .
16. The index of refraction of a medium is the ratio of the
- sine of the angle of incidence measured in vacuum to the
?1ne of)the angle of refractlon measured in the medium.
p. 339

?
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. Check to see

17. When light in a medium is reflected at the surface of a
second medium which has~a greater index of refraction,
there is a half-wavelength phase shift; there is no phase
shift- when thessecond medium has a lower index of
refraction. (p. 382) '

18. Coulomb’s law indicates that the force between two charges
Ql and Q2 is directly proportional to the product of the
charges and inversely proportional to the-sguare of the
distance r between the charges (F= k[QIQ2/r"]). (p. 426)

19. Jhe potential difference between two points i's the work per
unit positive charge required to move a small test charge
from one point to the other. Potential difference, as well
as potential is commonly measured in volts (or. joules per

. - coulomb). The potential difference between two points is
one volt if it requires one joule of external work to move
- “each coulomb of charge from one paint to the other.
(p. 441) ‘

20. An electron volt is the kinetic'energy gained by a particle
bearing one atomic unit of charge in falling through a
potential difference of one volt. (p. 444), -

21."' The capacitance C is defined as the ratio of the charge t
the potential difference: C=Q/V. (p. 451) ‘

For the next minute or so, seemly relax and make yoursi1f

comfortable, the final 5 minutes of training will follow shortly.

- [432] (RESET EQUIPMENT)

Také\quz:efeéonds now andballow yourself to relax again fully.

and shoulders relaxed and if necessary adjust your seating to make

yoﬁrself as comforgable as possible. owhén ready al]ow9yourse1f to

focus fully on the fpllowing passage. [443) ¢ . . .

~ (TRIAL 4) v

‘ 4 ' 4

22. The ratio of ‘theé capacitamce of a capacitor with a given

-material filling the space between conductors to the ,
capacitance of the same capacitor when the’ space is )
evaquated is the dielectyic constant K of the material. -
(Some authors. prefer the term specific inductive capacity
and -others use the naime relative permittivity.) p453

23. Resistance is commonly expressed in ohms. One ohm is that

resistance in which a potential difference of one volt -
" produces a current\of one ‘ampere. (p466)

t your legs are‘relaﬁed, your arms relaxed, your head
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24. When a charge of one coulomb receives one Jou]g of ehergy
~ upon passing through a source, the source is said to havg\
an electomotive force of one volt. (A 12-volt battery
delivers 12 joules of energy to each coulomb which passes
through it.) (p. 476) N
25. Lenz's law indicates that the direction of an induced emf
is always such that any current it produces opposes,
through it magnetic effects, the change inducing the ‘emf.
(p524) ; o
26. The coefficient of mutual inductance befween two circuits
is the ratio of the emf induced in the second circuit to
the rate of change of curre with time in the first
circuit.. ¥hen an EMF of 1 volt is tnduced in a secondary
coil by a current change of 1 amp/sec in the $rimary, the
coefficient of mutual inductance is said to be 1 henry.
(p. 536) c
(from Smith, A. W., & Cooper, J. N. [1964]. Elwments of
physics 7th ed.]. New York: McGraw-Hill.)
You have just completed your training session for today ... Ffind

the vase or jar that you have created in your mind’s eye and remove

the cover orl]id, to recaver your everyday thoughts and concerns.

Take a minute now 2o open your eyes if they are closed, and then

--wfbgle your, hahds; yqﬂr‘arms ... your feet ... and your legs ..

0scrunch ug yeur shoulders and. then turn you? head from side to side.

[536] Thank-you for your participation.

3 . . .
N [
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Audiotaped InStructions:

v Guideﬁ Imagery & Combined Groups

-

This audjotape consists ot four 5-minute scripts or\passages
which should help you to raise the temperature in your hands. While
1istening to thisvaudiotape, try to maintain your regular rate of
breathing -and ;é} to relax your arms and legs and your body, as much
as possible. [13]

Before we begin, create in your mind’s eye spme Sort of vask or
jar ... with»a}]id or a cover. it cou1d.be_a vase or a jar from yoyr
memory, or your imagination. Whatever shape or color that %ou chose:
is fine. When you can see fou{/jar‘or vase c]ear]y in\your ind’s-
eye, put your everyday thoughts and concerns into 1t for safe keeping

and place the 1id or cover over 1t You cangretrieve these concerns

-

. and thoughts whenever you wish. [37]

v

Take a few seconds now, and altow yourself to relax more fully.
Check tqoi§§ that your 1egs are re]a;sd . your arms are relaxed,

your head “and shou]ders relaxéd ... if necessary shift in your chair

to make yourself as comfortable as possible. When ready allow

L o

yourse]f to focus fully on the fo]]ow1ng»pass§5es, [56]

(TRIAL 1) P1cture yourself bes1de%§ warm cozy firve. It could be

a fire in your fireplace at home, on a_camp fire somewhere from your

. memory tAllow you:sel!’some time now to become part offthis scene.
i

(Pause) The fure is before you and you are warming your hands The

warmth from ‘the fire caresses and warms your hapds and fingertlps
Your ‘eyes are"losed and you can hear the hissmg of the logs and the

crackling. of the wood as it bdrns, and radiates heat towards your

[3 -

e . «
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hands. A radiant heat which is makes your hands feel warmer and

warmer. The soft roar.of the fire can be heard as. it burns'

effortlessly, radiating more heat into your hands ;.. Qﬁrming your

hands. VYour arms are relaxed as your hands and fingers become warmer

and.warmer. The pleasant hissing of the logs reminds you of the warm
. P

sensations in your hands. The gentle crackling of the fire remimds

. you of the warmth in your hands. The soft roar of the fire reminds

you of the warmthgln your fingers ... and your hands. [115] Again,.
picture yourself beside tﬁis fire, completely relaxed with hands held -
At a comfortab]e d1stance fr0m the warm g]ow of the fire. Take a few
secands now .to enjoy this warmth and the relaxed sensations w1th1n
your body ... Allow your mind’s eye to travel to your hands and
visualize the b]ood vesse]s in your hands as they relax and expand as
your hands and f1ngers become warmer»and warmer. The soft hissing of
the fire *eminds you of the warmth:in your hands and fingers. The!
soft roar of the fire, ... the ggntle crackling sounds of thé fire

. rem{nd you of the warmth in your hands an? fingers ... Hhén you

are ready, focus once again,' on your hands, picture your hands ...

. ,
' warm and relaxed with the warm glow of the fire focused on the backs

or palms of your hands. Take a few moments and allow yourself to
fully experience the;e warm pleasant sensations. As your hands becoT?-
warmer and Qarmer, you will a]mos;\surprise yourself by noticing how'r
deeply relaxed you are at this moment. Féé] the warmth of the fire on
your hands, and feel your hands beéoming exquisitg]y relaxed and warm.
The gentle crackling sounds of the fire ;}. the soft hissing of the

logs help you to focus on the warmth in

>~

our hands and f1ngers [178]
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For the next minute or so, simply relax and make yourse]h
comfortable. [185] Another five-minutes of training will fo]]ow
shortly. Any questions that you have 'will be answered’ fo110w1ng the -
fomplet1on of this tralnlng session. Please remain seated qu1etly and
wait for the beg1nn1ng of the next passage (RESET EQUIPMENT)

The second passage will begin shortly. [196j Take 3 few seconds
now, and allow yourself to relax again fully. ﬂlCheck to see that your [
legs are relaxed, ...‘;;Lr’arms are re]axed your head and shou]ders-
relaxed, ... if necessary_adJust your seating to make yourself as
comfortable as possible When nezdy allow yourself to focus fully on
the fo]10w1ng passage - —

'(TRIAL 2) Picture yourself hav1ng a hpt shower [211] or
perhaps a very warm jacuzzi. Perhaps you have Just finished a
vigourous workout ... or some sort of activity requiring physical’
exhiertion, ... and now you simply wish to relax ... to relax and aTlow
the tired, dull aches from rour muscles to ease away from_your body{

. You can hear the sounds of the warm water splashing against your -

. N _ o
body, eee warmingﬁthe skin of your arms and legs ... warming and

re]ax1ng your hands and your fingers ... you can fee] e warmth

f10w1ng and ooz1nq fnto your hands and fingers . 4. as you experience
yourself becom1ng more and-more relaxed [240] .... visualize the blood
vessels. in your hands and fingers relaxing, and expanding, as.your

hands becomer warmer and warmer ... your blood vesseis’relaxing and
expandlng as you ‘feel your hands becoming warmer and warmer ... the -
soft sp1ashing sounds remind you of the increased warmth and - ’
‘relaxation in your hands and fingers ... the warm water against your

L ’
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hands, your arms and your body create further seqsations of warmth and
re]axation‘... as you relax more and more, and deeper and deeper ...
take a 1itt1e.t{me now ... to more fully enjoy these sensations of
warmth and relaxatioh iq your body, yogr legs, your arms, and
particularly your hands ... [277] You feel unhurried, relaxed and .
tranquil ... See yourself enjoyﬁng all the sensuous aspects of having
your hot shower or jacuzzi.~ The warm sp]ashihg sounds remind you of
the warmth in ybur“H:nd§ ... The trickling hot water he}pg‘gg warﬁ
and relax your‘haﬁd; and arms !.. Allow yourself to relax more!fu11y
and to enjoy thd,exduisite warm in your hands and fingers. [299]

For thegnext minute or so,‘iimp1y relax and make yourself ~
comfortable. L§b3] Another five minutes of training will follow
shortly. P]Ease_remain seqtéd quietly and ;ait for the Géginning of
the next passage. (RESET EQUIPMENT)

The third p;ssage will begin shortly, take a few Seconds now and

[ 4 - -
allow yourself to relax again, fully. Check to see that your 1?95

are relaxed, your arms are relaxed, your head and shoulders relaxeds

-

If necessary adjust your seating to make-yourself as comfortable as

ffpossinble. When ready‘allow yourself to focus fully on the fo]]owing‘

passage.
(TRIAL'3) Again, picture yourse]f'beside”a warm cozy fire. It
could be a fire in your fireplace at hohg, cen 6r a camp fire

somewhere from your memory ... . Allow yourself some time now ... to

make yourself part of this scene. (Pause) The fire is-Before you and

you are warm{ng your hands. - The warmth from fhe fire\c%resses and

warms your hands and fingertips. Your eyes are closed and you can

N\
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. ‘ :
hear the hissing of the logs and the crackling of the wood"as it
) : ,
.burns, and radiates heat ngards your hands. A radiant heat which is
makes your hands feel warmer and warmef. ...The soft roar of the fire

can be heard as it burns effortlessly, radiating more héat into your
‘hands ... warming your hands. [357] Yoq; arms are rg1axed as your
hands and fingers become warmer and warmer. The pleasant hissing of
the logs reminds you of the warm sensat{bns in your hands ... your
fingers L.. The gentle crackling bfrﬁhe_fire reminds you of the
‘warmth in your hands ... your fingers. The soft roar of the fire
reminds you of the warmth in yégr hands, -your fingers®... Again,
_picture yourself beéide this f%re, completET* relaxed, with hands H;1d
at a comfortable distance from the warm glow of»fhgafir;.‘ Take a few
-seconds now to enjoy this warmth and the re]axgd Sénsations'within
your body ... A]loﬁiyour mind’s eye to travg] to your{hands and
visualize tﬁé blood vessels id'ydur hands as they re1éx and expandﬁaﬁi

* .

your hands and fingers become warmer and waimér.l_The soft hisﬁjng of

P

the fire reminds ydu he warmth in ‘your handsfand fingers. The '
! thé géntle cracklify sounds of the fire .

soft roar of the fire,
P o
r‘nd you of "the warmv®in your hands and fingers ... [396] When
‘ . : o ‘ e
you are ready, focus once again, on your hands, picture your hands ..

warn and relaxed with the warm glow.of the:;fjr\gich:_used.ph the backs

or palms of your hands. Take a féw moments h5&q;?1ow yourself to

fully experience these warm pleasaé‘ sensations. As you;Ahands’pecome )

warmer and warmer, you will aimosf surprfsé'yburseif by;noticing how

deeply relaxed you are at this‘vézi moment.” Feel thé:warmtﬁrof the
~ fire on your handsﬂ and:fegl yéur handsfbepoqugiexquisigely‘rglaxeg

F g
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and warm. The gentle crackling sounds of the fire ... the soft
hissing ot the logs help you to focus on the warmth in your hands and
fingers. [421] (RESET EQUIPMENT)

for the next minute or so., seemly relax and make yourself
comfortable. the final five minutes of training will follow shortly.
[432] -«

Take a few seconds now and allow yourself to relax again fully.
Check to see that your legs are relaxed, your arms relaxed, your head
and shoulders relaxed and if necessary adjust your seating to make .
yourself as comfortable as possible. \Nhen ready allow yourself to
focus fully on the following passage. [443]

(TRIAL 4) Picture yourself again having a very hot show [445]

. or perhaps a very warm jacuzzi. Perhaps you have just finished a

vigourous workout ... or some sort of activity requiring physical

exhertion, ... and now you simply wish to relax ... to relax and allow
[ 3

the tired, dull aches from your muscles: to ease away from your body

You can hear the sounds of the warm water splashing against your

body, ... warming the skin of your arms and legs ... warming and

re]axipg your hands and your fingers ... you c;h feel the warmth

flowing and ooziﬁg into your hands and fingers ... as you experTence

yourself becoming more and more relaxed [468] ... visualize the blood
e

vessels in your hands and fingers relaxing, and expanding, as your
hands becomer warmer and warmer ... your blood vessels relaxing and
expanding as you feel your hands becoming warmer and warmer ... the
soft splashing sounds remind you of the increased warmth and

4

relaxation in your hands and fingers ... the warm water against your
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hands, your arms and your body create further sensations of warmth and
relaxation ... as you relax more and more, and deeper and deeper ...
take a little time now .... to more fully enjoy these sensations of
warmth and relaxation in your body, your legs, your arms, and
particularly your hands ... [495] You feel unhurried, relaxed and
tranquil ... See\<ourse]f enjoying all the sensuous aspects of having
your hot shower or ){Fuzzi. The warm splashing sounds remind you of
the warmth in your hasas ... The trickling hot water helps to w;rm
and relax your hands and arms ... Allow yourself to relax more fully -
and tofenjoy the exquisite warm in your hands and fingers. [511]

You have just completed your training session for today ... [517]
Find the vase or jar that you have created in your mind’s eye and
remove the cover or 1id, to recover your everyday thoughts and
concerns. Take a minute now to open your eyes if they are closed, and
then wiggle your hands, your arms ... your feet ... and your legs ...
scrunch up your shoulders and then turn your head from side to side.

[536] Thank-you for your participation.
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APPENDIX 1V

r

POST-TRAINING SESSION QUESTIONNAIRE: BIOFEEDBACK

NAME: ' GROUP:  _ Session:

TRIAL 1

1. What kinds of strategies did you use to raise your finger
temperature? ‘ {

a) Describe most frequently used method (strategy la):

b) Describe next most frequently used method (S1b)

c) Any other methods (Slc): b B - o
d) How long did you use each method?
TRIAL 1 )
minutes utility*
strategies: la -=---: -
b ----- L - )
lc -----

*UTILITY: How helpful was the strategy in helping you warm our .
hand/finger? VH (very helpful), H (helpful), SH (sort of
helpful), NH (not helpful), RNH (really not helpful)

TRIAL 2

2. What kinds of strategies did you use to raise your finger
temperature?

a) Describe most friapently used method (strategy 2a):
\

\ . .
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b) ' Describe next most frequently used method (§2b):

c) Any other methods (S2c):

A ®

d) How lohg did you use each method?

TRIAL 2
minutes utility* (/

strategies: la ----- :

*UTILITY: How helpful was the strategy in helping you warm our
. hand/finger? VH (very helpful), H (helpful), SH (sort of
> helpful), NH (not helpful), RNH (really not helpful) ~
1 .

" TRIAL 3

3. What kinds of strategies did you use to raise your finger
temperature?

a)  Describe most frequently used method (strateéy 3a):

b) Describe next most frequently used method (S3by:

A

-

c) Any other methods (S3c):
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d) How long did you use each method?

TRIAL 3 I S
. ' minutes utility*

strajegies: la -----:

le ----- :

*UTILITY: How helpful was the strategy in helping you warm our .
hand/finger? VH (very helpful), H (helpful), SH (sort aof
helpful), NH (not helpful), RNH (really not helpful)

TRIAL 4 _ ~ _ | o

4. What kinds of strategies did you-use to raise your finger
temperature? !

" a) Describe most frequently used method (strategy 4a):
\ ?

SN
N

. b) Describe next most %requently used method (§4b):.

b

» <

c) Any other methods (S4c):

) s <

d) How Tong did you usk each method? kK
RIAL 4 o I
‘. minutes utility*
‘: strategiesf o laeeee- o S
b ----- A L b
lc ----- :‘ {

. L :
—  *UTILITY: How helpful was the strategy in helping you warm our
. hand/finger? VH (very helpful), H {helpful), SH (sort of
helpful), NH (not helpful), RNH (really not*helpful) :



5. a) Did you use the visual or auditory biofeedback jnformation on
the screen?

*

(please check)

‘'visual only

auditory ohf} L

N "both viﬁ] & audit&ry L

- hone

~b) How long did you focus on the biofeedback?

VISUAL (minutes)

TRIALS 1

2
3 .

Y. 4

.

c) Did you find the

‘visual feedback:
. very helpful
auditory feedback:

very helpful

) TRIALS 1

biofeedback information-helpful in learning
to develop some control over your.finger Yemperature?

not helpful at

6. Any additional comments:

not he]pfu] at alil

all

~

AUDITORY (minutes)
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POST-TRAINING SESSION QUESTIONNAIRE: G. IMAGERY

{
\

NAME : : o GROUP: - Session:

\ [ WSS

. \
TRIAL 1

I. whaf kinds of“strategiés did you use to raise your finger

temperature? o

a) Describe most frequently used method (strategy 13):

~N

% (Please chec&, if YES)
Did you see __, hear __, feel __ the above?

b) Describe next most frequently used method (S1b):

’ o
(RTease check, if YES)
$ 4
Did you see __ , hear,.__ , feel _ _ the above?
c¢) Any other metheds (Slc):
' (PTease check, If VES) .
Did you see _ , hear =, feel __ the above?

d) How long did you use each method?

TRIAL }
minutes utility*
§trategies: : la ----- : 1
| 1b ----- -
‘ : lc ----- :

*UTILITY: How helpful was the strategy in heTping you warm our
hand/finger? VH (very helpful), H (helpful), SH (sort af
helpful), NH (not helpful), RNH (really not helpful)

LY M ~ . ‘ R '

]

e

»
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TRIAL 2

2. What kinds of strategies did you use to raise your finger
temperature? 'y

a) Describe most frequently used method (strategy 2a):
. \ ]

(PTease check, if YES)
\_ Did you see __, hear __ , feel __ the above?

b) . Describe next most frequently used method (S2b):

3

J

(Please check, if YES)
Did you see __ , hear __, feel __ the above?

c) Any other methods (S2c):

(PTease check, if YES)
Did you see ___, hear ___, feel __"the above?

d) How long did you use each method?

S

TRIAL 2 - °
. | - - miputes utility* %,
strategies: ( -----n - ’
, kT 7
lb'k ----- .
Ic ---- \

*UTILITY: How helpful was the strategy in helping you warm our
p hand/finger? VH (very helpful), H (helpful), SH (sort of
* helpful), NH (not helpful), RNH (reglly not:helpful)

1

| ]

. Wl
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TRIAL 3

3. What kinds of strategies did you use to raise your finger
temperature?

a) DescribElmost frequently used method (strategy 3a):

(Please theck, if YES)
Did you see __, hear , feel the above%

b) Describe next most frequently used method (S3b):

(PTease check, if YES)

.
< \

Did you see  , hedr __ , feel __ the above?

c) Any other methods (S3c):

A

*{Eﬁease check, if YES) ~ )

Did you see _., hear __, feel _ _ the above?

d) How long did you use each method? #

IR 3
minutes utility*
strategiegs: la -t---: . .
b ---4-
I¢ -----

*UTILITY: How helpful wds the strategy in helping you warm our
hand/finger?. VH (very helpful), H (helpful), SH (sort of
helpful), NH (not helpful), RNH (really not helpful)

»

»
-



TRIAL 4 -

»

4. "What kinds ‘of strategies did you use to raise your finger
temperature? :

a) Describe most frequently used method (strategy 4a):

(PTease chedk, 3f VES) ' .
Did you see _ , hear _ , feel __ the above?

b) Describe next most frequently used method (S4b): .

(PTease check, if YES)
%%; you see _ , hear _;;, feel __ thc above?

c) Any other methods (S4c):
\

(PTease check, if YES)
Did you see __, hear __, feel __ the above?
d) How'1ong did you use'eich method?

TRIAL 4 .- - S
: minutes utility*

}
strategies: la’ ----- :
X

*UTILITY: How halpful was the strategy in hé]ping 'you warm our

hand/finger? _VH (very helpful), H (helpful), SH (sort of

helpful), NH 1not helpful), RNH (really not helpful)

‘The fo1lowing'items deal with aspects of the audiotape that you have
been.listening to. Try to answer all questions .and make your best
guess when you are not absolutely certain about the exact response.

. [y ’ ;
-t <
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f)

b)

c)

B

Did you generate visual imagesﬁ yes: no: 3

Were these images related directly to material scripted om the

afidiotape? : yes: __ no:r )
wzre you able to create these images qujte easily?
with ease . ;_; ____ with aifficulty
Were visual images relatively constahi or transient. and
changing? ) v . f ¢
constant ° trahSienb

How long did you focus on these visual images?
(Please check.)

VISUAL IMAGES _ minutes:
TRIALS: 1 0 1 _2%3_ 4 5
\ ’ .
im° " o _1_2 3 4 5
11 0 1 2 3 4 % _
IV 011 _2 3 _4 5

.

\

Did you find visual images helpful towards developing some

self-control over your finger temperature?

'very helpful

—_— — .——— — ——

not helpful at all

Did you focus on bodily sensatidns, such as {please check).:

Warmth  (Located where? ﬂ !)

Relaxation __ (Where? . )

Other sensations ’ .

the audiotapd?  yes: _ no: __

Was it easy to produce the above bodily sensations?

o o
wéjﬁgh: easy _ r difficult
\ :
relaxation: eady - _  difficult
other: easy difficu]t",,

e
Were ‘these bodily sensations directly related to material on®
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d)

e)

f)

' b)

c)
N
d)

. 203 .

Were bodily sensations relatively constant or transient?

constant transient “

How long did you engage in creating eRch of the above bodily
sensations?

Q

WARMTH minutes:

RIALS: I o 12 3 4's_
1 - 01 2 3 4 -5 )
I . 0_1_2_3_4_5 (
Iv 0 1 2 3 _4_5

RELAXATION _ minutes:

RIALS: — 1. 0_1_2_3_ 4 5_

y 11 0_1_2_3°%4_5_ )
: 11 0 1 2 3 4 5 _

IV 0_1_2_ 3_4_5_ ‘

Did you find that the creation of’ bodlly sensations was he]pful
in learning to deve]op some self-control over your firger
temperature7

o
N

very he]pful not he]p%ul at all

Did you generate any aud1tory 1mages of sounds? . ‘ F
" yes: ___ no: :
~
Were these sounds related directly to material on .
the audiotape? yes: __ no: ji_ , L

Describe these sounds or noises:

(o

N

Were you able to create thes® sounds quite easily?

with eaée . ' with difffculty
’

Were these sound images relative]y constant or e
transient?

cons;ant L . r _transient

° 7
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e) How long did you focus on these sound images?

SOUNDS minutes:
TRIALS: | I 0 1 2 3 4 5
I1 0 1 2 3 4 5
I 0 1 2 3 4-5_
v 01 _2 3 4 5 l
f) Did you find sound images helpful in iearning to develop some
"~ contraol over your finger temperature? -
. very helpful - not helpful at all

8. Any additional comments regarding today’s session:
]




]

POST-TRAINING SESSION QUESTIONNAIRE: COMBINED ‘ N\

I4

iﬁNAME: GROUP: Session:

(Items 1 to 7 were identical, for the combined
and sguided imagery groups.)

£

8. a) Did you use the visual or auditory biofeedback information on

-the screen? (please check) _ -
visual only __ | both visual & auditory _
auditory only _ . none ___ )

R

b) How long did you focus on the piofeedback?

YISUAL (minutes) AUDITORY {minutes)

TRIALS 1 L TRIALS 1 L
2 e

g 3 L 3
4 ‘ 4 ¢

-

c) Did you find the biofeedback information helpful in learning
to develop some gontro] over your finger temperature?

visual feedback: S A Lo ”
very helpful L __, not helpful at all ‘ -
‘auditory feedback: . — |

____nat helpful at all

very helpful -

‘ 9. Any additiéngl comments regarding today’s session:’




POST-TRAINING SESSION QUESTIONNAIRE: RELAXATION
NAME: GROUP: Session:

1. a) Did the audiotape help you to relax?

very he]pful‘ o - ~ not helpful at all

13

b) Any cohments regarding the audiotape?

I

2. a) MWere there other things that you did to relax?

yes: . no:

b) Describe:

1 - :
3. Did you feel subjectively relaxed during ﬂs training?
Trial I: - |

very relaxed not relaxed at all

— — — %

> Trial II:

very relaxed not relaxed at all

Trial III:

very relaxed _ not relaxed at all
Trial IV:
very relaxed not relaxed at all ‘T/;

.+&._ Were you aware of any other body sensations?
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TABLE §:
Between subject factors

A Groups

B - Imagery level

Within subject factors
C - Baseline sessions:

-

Source D. F. M.
A 3 9.706
B 1 7.805
AB 3 4.705
S-within 75 33.502
C 4 1.244
AB 12 3.090
BC 4 368
ABC 12 5.102
BS-within 300 4.216
SOURCE: A - Groups
1
30.196

SOURCE: B - Imagery level
a R

1

29.906

SOURCE: AB
Groups:A 1

Imagery: 1~ " 29.940

2 30.452
SOURCE: C
Baselines

session: 1 | 2

1= biofeedback
3= combined

1=high

APPENDIX V

(interval 2)

4= contro
2=1ow
1 =2 3
F p
0.290 0
0.233 0
0.140 0.
0.295 0
0.733 0
1.036 0
1.210 0
2 3
30.364 29.648
2
30.188
2 3
30.545 29.428
30.182 29.869
[ X ] 3 4

|

.881
.719
.389
.275

Groups by Imagery Level by Baseline

2= guided imagery

29.771
30.280

5

30.088 29.938 30.198 29.891 30.111
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2 30.102

30.448

SOURCE:  AC
Baselines
session: 1 2 3 4 5
Groups: 1 30.369 30.160 30.399 30.412 29.638
2 30.346 30.043 30.208 30.396 30.825
3 029.365 29.527 29.698 29.408 30.244
4 30.331 30.056 30.520 29.419 29.741 ,
SQURCE:  BC
Baselines
session: 1 2 3 4 5
Imagery: 1 30.247 29.631 30.241 29.673 29.736
2 29.925 30.252 30.153 30.113 30.494
SOURCE: ABC
| Group: biofeedback
Baselines
session: 1 2 3 4 5
Imagery: 1 29.894 29.631 30.241 29.673 29.736
2 29.925 30.252 30.153 30.113 30.494
Group: guided imagery -
Baselines ' S
session: 1 2 3 4 5
Imagery: 1 29.894 30.096 30.995 30.068 28.646
2 30.844 30.225 29.803 30.756 30.630
Group: combined
Baselines
session: } 2 3 4 5
Ay
Imagery: 1 29.822 28.696 28.969 29.523 30.131
2 28.906 30.358 30.427 29.293 30.356 °
Group: control
Baselines ¢
session: 1 2 ' 3 4 5
Imagery: 1 30.540 29.506 30.586 29.222 29.000
30.660 29.636 30.556
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Table 6

Groups by Gender by Baselines

Between subject factors

A - Groups 1= biofeedback

(intgerval 2}
*

3= combined 4= control

) -
B - Gender 1= female 2= male

Within subject factors \

Q‘- Baseline sessions: 1 2 3 4 5

* Source D. F. M.
A 3 12
B 1 483
AB ' 3 -9

S-within, 75 26
C -4 0
AB 12 2
BC - : 4 1.
ABC 12 ;r 3
BS-within 300 4

¢
SOURCE: A - Groups v

1
30.196
" SOURCE: B - Gender

29.222
SOURCE: AB

Groups: 1

gender: 1 29.457
. 2 31.303

-

S. FP prob.

544  0.465 0.708
181 17:902  0.001

746 0.361  0.781
.991 <
668  0.154  0.951
.452 0.567 ° 0.868
712 0.396  0.812
236 0.748  0.704
.327 ,
-2 3 4

30.364 29.648 30.014

.

LY

2
31.426

2 3 4 .

29.707 28.809 28.952
31.583 30.861 32.136

2= guided imagery
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SQURCE:
Baselines
session: 1 2
30.088 29.938
SOURCE: AC
Baselines
session: 1 2
1 30.369 30.160
2 30.346 30.043
3 29.365 29.527
4 30.331 30.056
SOURCE: BC
Baselines
session: 1 - 2

-

Gender: 1 29.450 29.078
2 31.158 31.379

SOURCE: ABC

Group: biofeedback

Baselines
session: 1 2

Gender: 1 29.512 30.024
© 2 31.655 30.371

Group: guided imagery

Baselines
session: -1 , 2

Gender: 1 29.892 29.016
2 31.190 31.950

Group: tcombined

Baselines
session: 1 2

Gender: 1 28.968 28509
2 29.939 30.998

30.399
30.208
29.698
30.520

29.391
31.552

29.742
31.385

5,617
31.306

28.508
31.417

29.891 30.111

30.412 29.638

.30.396 30.825

29.408 30.244
29.419 29.741

4 5
28.938 29.250

31.488 31.554

29.553 28.459
31.700 31.406

29.670 30.340
31.743 31.727

28.618. 29.4$Q;
30.549 31.404
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Group: control N

A
Baselines
session: 1 2 3 4 5

' Gender: 1 29.435 28.858 29.700 28.029 28.741
2 32.124 32.451 321161 32.200 31.741
Table 7

nga]es: Groups by Imagery Levels by Baselines
. N

Betwe®n subject factors-//‘ -
A - Groups f= biofeedback 2= guided imagery -
~ 3= combined - 4= control .
B - Imagery level 1=high ‘ 2=1ow
Within subject factors
R
C - baseline sessions: 1 2 3 4 5
Source D. F. M. S. S ‘ prob.
N | 3 8.988 0.220  0.882
B N 0.369 0.009 0.925 -
3 7.453 0.182  0.908 ¢ )

‘ S-within 44 40.872 : ' \ :
¢ 4 - 1.570 0.274  0.895 \'
AB 12 3.620 0.631 0.814 -

BC ) , 4 - 5.959 1.039 . 0.388
ABC 12 6.010 1.048. 0.407
BS-within 176 5.734
. . « « : ©
SOURCES A - Graups © o
' ' 1 2 3 4

29.457 29.707° 28.809 28.952 .
SOURCE: B - Imagery level- B
- 1 2 -

N p 29.181 29.276
~ /

<
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SOURCE: AB
) :
- Groups: 1 2 3 e 4

‘ >
Imagery: 1 29.443 -30.035 28.437 28.958 -
2 29.491 29.324 29.403 28.945

'SOURCE: C - "

Baselines .
session: 1 2 3 4 5

29.450 29.078 29.391 28.938 29.2%0

SOURCE: AC .
Baselines
session: 1 2 3 4 5
Grohp \>29.512 30.020 29.742 29.553 28.459

1

2 29.892 29.016 29.617 29.670 30.340
3 28.968 28.509 28.508 28.618 29.440
4 29.435&}28.858 29.700 28.029 28.741

g

SOURCE: BC

Baselines
session: 1 2 3 4 5

Imagery: 1 29.691* 28.741 29.652° 28.858 28.966
: 2 29.122 29.539 29.035 29.048 29.639

SOUREE: ABC
Group: biofeedback
Baselines
session: 1 .2 3 4 ) 5

Imagery: 1 29.571 29.577 30.969 29.597 27.450
2 29.428 30.640 28.024 29.492 29.872

Group: guided imagery
Baselines %
session: 1 2 3 4 5

Ihagery: 1 30.324 29.757 29.903 29.296 30.897
2 29.387 28.152 29.283 30.107 -29.690



sGroup: combined
Baselines ' :
session: 1 2 3 4 5

* R A
Imagery: 1 28.931 27.536 27.770 28.620 29.329
2 29.026 30.066 29.690 28.614 29.618

Group: control ¢
. N 4
Baselines

" session: 1 2 P 3 4, 5
),

Imagery: 1 30.000 28.325 30.162 28.065 28.239
2 28.682 29.568 29.083 27.980 29.410

“Table 8

Males: Groups by Imaéery Levels by Baselines
v (interva] 2)

Between subject factors - -
&

A - Grohp; 1= biofeedback 2= guided imagery
' , 3= combined 4= control
B - Imagery level 1=high ) 2=Tow

Within subject ‘factors

‘C - Baseline sessions: 1 2 3» 4 3

Source D. F. M. S. F pfbb.
A 3 -’6.615 0.903  0.455
B 1 4.730 0.645 0.430 &
AB, ‘ 3 9.223 1.259  0.312

S-within 23 - 7.329 -,
c ! Y S 0.408 0.220 0.927
AB J2 1.217  0.656 0.789
BC* 4 0.444  0.239 0.915 -
ABC 12 1.853. 0.998 0.457 -
- BS-within 92 1.855
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SOURCE: A -

{

SOURCE :

N

SOURCE: AB

Groups

1 2

31.303  31.583

B - Imagery.level

1 2

31.716 31,243

Groups: 1 2

Imagery: 1
2

SOURCE: ¢

Baselines
session:

SOURCE: AC

Baselines
session:

SOURCE: B8C

- 4
Bselines
session:

Imagery: " 1
2

SOURCE: ABC
Base]ines
- session:

Imagery: 1
2

31.123
31.412

31.735 32
31.469 30

\

A

1 2 3
31.5&8 31.379 31.552

1 2 3

31,655 3¢.371 31.385
31.190 -31.950 31.306
29.939 20.998 31.417
32.124 32.451 32.161

1 2 3

31.637 31/855 31.715
30.855 31.079 31.448

'Grdup: biofeedback

1 2 3
30.647 31.307 31.057

32.260 29.810 31.582

30.861

3

3

071  31.938 -

32.136

.257  32.284

31.488

31.700
31.743
30.549
32.200

31.712
31.347

31.167
32.020

31.406

231.727

31.404
31.741

31%663

31.485

31.437
31.388
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Grpup: guided imagery.
Baselines »
* session: 1 2 3 4 5
v
Imagery: 1 31.727 31.667 31.920 -31.443 31.917
) 2 30.787 32.162 30.845 31.967 31.58%

Group: combined
Baselines '
, session: 1 2 3 4 5

Imagery: 1 32.197 31.790 32.167 31.930% 32.270
‘ 2 28.810 30.602 31.p42.29.858 30.972

Group: control
Baselines
session: -1 2 3 4 "5
Imaaéry: 1 31.980.32.657 31.717 -32.307. 31.030
2 32.232 32.29 32.495 32.120 32.275-

-~



APPENDIX VI
MEANS AND STANDARD DEVIATIONS

Groups by Imagery Level by Trials by Sessions
(Interval 2: Temperature means)
%

Between subject factors . s
A - groups: 1= biofeedback 2= guided imagery
= combined 4= control
B - imagery level: 1= high, V2= low
Within subjeét fictors .
- Q- trials:” 1 .2 3 4
D - sessions: 1 2 3 4 5
( =4
Source . D. F. M. S. F prob.
A 3 38.176 0.280 0.840
B 1 51.765 0.379 0.540
/4B ¢ R 3 29.549 0.217 - 0.885 .
S-within 75 136.413 - , .
!
C 3 36.020 30.128 0.001**
AC ., . .9 - 2.876 2.405 0.013*
BC 3 0.216 0.180 0.910
ABC 9 0.719 0.601 0.795
CS-within 225 1.196 .
D 4  14.721 1.114  0.350
AD ) 12 10.299 0.779 0.672
BD - ’ 4 15.529 1.175 0.322
ABD 12 25.828 1.954 0.028*
DS-within 300 13.140
CD , 12 -0.917 2.378 0.005**
" ACD .36 0.270 0.699 0.909
8CD . 12 0.162 0.420 0.956 .
ABCD 36 0.342 0.886 0.663
CDS-within 900 0.386
SOURCE: A : o
Group 1 ' 2 3 4

29.753 29.828 29.158 29.656
SD:  2.283 2.364 2.8l 2.711
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LA

SOURCE: B

SOURCE: AB
A = GRP

- SOURCE: ~C

A\

SD:

&N —

trials:

SD:

SCHEFFE PROCEDURE :

(*) denotes pairs significantly different at .05 level

trials
' i 1 2
Mean trial
29.831 1 .
29.816 o2
29.589 3
29.269 4
SOURCE: AC
trials: - 1
A = grp 1 29.79
SD: 2.29
‘§§~. 30.175
- S .2.250
3 29.330
SD: 3.042
4 30.230
SD:. 2.587
SOURCE: BC =
trials 1
B = high 1 29.711
_ sD: /2.110
Tow 2  30.04]1
SD: 2.961

- high

29.412

high -

29.416
30.035
28.955
29.299

1

2.053

SD
.493
.666

NN s

134

2

756 °

low

29.770
. 2.995

" low
30.089
29.620
29.361
30.050

3

7 29.874 29.756 29.526

2.555 2.531 2.573

. 'd
3 4
29.788 29.539 .
2.281  2.337
29.723  29.395
2.472 2.520 N
"5 29.162 28.818  “.i :
2.805 2.768 )
29.472 29.088
"..2.806  2.876
.. I'd
3 4
1 - .
29.344-" 29.001
z:f%;/ 2.215
29.713. 29.402

2.992

217

D -
2.H9
2.988
3.000
3.308

4 B S
29.199
2.607

£

- 2.970
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SOURCE: ABC
GRP: 1
trials:
B = high 1 29
v SD: 1.
Tow 2 30.
"SD: 2.
GRP: 2
trials:
B = high 1 30.
SD: 1
Tow 2 29.
SD:* 2
GRP: 3
trials:
B - high 1 29
. SD: - 3.
Tow 2 29
SG: 3.
GRP: 4
trials:
B = high 1 30.
SD: 1
Tow 2. 30.
° SD: 3.
SOURCE D
sessidns: 1
o 29.338
SD: 3.054

3.106 2.795

2 3 4
.392  29.581 29.457  29.235
548 1.554 1.509 1.600
200 30.194 30.119 29.842
888 2.956 2.910 2.960
1 2 3 4
415 30.154 29.942 29.631 .
.333 1.506 - ,1.856 2.078
936 29.879 29.505 29.160
.964°  2.988 3.058 2.995
1 2 3 4 -
.050 29.159 28.987 28.624
146 2.857 2.706 2.712
.609 29.488 29.337 29.012
060 3.003 .. 3.022 2.942
1 2 3 4
020 . 29.527 29.055 28.593
.847 - 2.108 2.264 2.403
461 30.177 29.931 29.632
311 3.281°  3.370 3.366
2 3. 4 5
29.652 29.907 29.549 29.499
3.121 3.016
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1
29.530
29.535
28.426

29.921
2.889

(rl'
29.420

29.253
3.437

28.575
30.485

30.243
28.828

3.483

1

28.866
3.576

SOURCE AD
sessions:
A=grp 1
SD:
2
SD:
3
SD:
4
SD:
- SOURCE BD
sessions:
B=high 1
SD:
1ow 2
SD:
SGURCE:  ABD
GRP:. 1
sessiong:
B=high 1
' SD:
low 2
SD:
GRP: 2
sessions:
B=high 1
Tow 2
SO:
LI B
GRP: ¥ 3
' '~ sessions:
\‘\\F=high 1
o SD:
Tow 2

N 124

27.987
- 3.89%

29.826
29.763
29.271

29.781
2.986

29.509
29.799

.990
.139
.662
.603

w@r B

29.969
2.100
29.557

4.231

28.673

29.868 °
3.223

30.164
30.010
29.387
30.107

29.765
2.482
30.052

3.107

30.577

'29.750
3.740

30.269
29.750

2.798.

28.552

' 28.988
4.111

30.223
3.099

29.957
29.724
29.089

29.471
3.237

LY
29.392
" 29.709

3.448

29.911°

30.002
3.182

4
29.306
3.077
30.151
23.101
.
29.190
3.006

29.286
30.102
29.617
29.003

28.975

30.035
3.015

28.027
3.390

30.544

2.708

5

30.391
"898 .

.29.812

3.125-

5

'29.493

2.954
29.741
3.061

219
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GRP:. 4
sessions: 1 2 3 4 5

‘B=high 1 29.994 29.488 29.781 29.201 28.029
SO 2.803 2.293 1.632 2.960 3.070
low 2 29.840 30.102 30.466 29.767 30.074
SD: 3.132 3.638 3.163 3.655 3.525

SOURCE:  CD

sessions: 1 2 3 4 5 \

C=trial 1 29 424 29.906 30.157 29.929 29.951
SO: 3.173  3.124 2.874 3.081 3.056
2 29.550 29.803 30.050 29.769 29.610

SD: 3.096 3.116 2.881 3.149 3.017
3 29.307 29.606 29.881 29.409 29.430
SD: 3.141 3.164 2.798 3.260 3.112

4 29.070 29.295 29.538 29.088 29.003
SO: 3.089 3.230 2.826 3.264 3.249

SOURCE: ACD
GRP 1
sessions: 1 2 3 4 5
C=trial 1 29.231 29.935 30.148 30.246 29.418 z”'{¢JN
SD: 2.834 2.948 2.732 2.720  3.222 ‘ &

2 29.761 29.960 30.208 30.119 29.389
SD: 2.547 3.027 2.791 2.734 3.258 -
3 29.658 29.844 30.318 29.814 29.304
SD: 2.671 3.056 2.624 2.852 3.323
4 29.407 29.565 29.980 29.647 29.031
SB: 2.654 2.950 2.669 2.897 3.49%6

GRP 2 .
ii sessions: 1 2 3 4 5

C=trial 1  29.547 29.990 30.369 30.176 30.794
SD: 2.854 3.196 2.714 2.956 2.306
2 29.771 29.902 30.245 29:985 30.238
SD:  2.959 3.134 2.683 3.016 2.405
3 29.537 29.709 29.879 29.588 29.902%
SD:  3.012 3.332 2.677 3.247 2.751
4 29.346 29.450 29.545 29.164 29.471
SD: 2.968 3.501 2.747 3.207 2.895
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GRP 3
sessions:
C=trial 1 28.

SD: 3.
2 28.
SO: 3.
3 28.
SD: 3.
4 28.
SD: 3.
GRP 4
sessions:
C=trial 1 30.
sb: 2.
2 30.
SD: 2
3 29.
SD: 3.
4 29.
SD: 2.
SOURCE BCD
B=high (1)
sessions:
C=trial 1 29.
SO: 2.
2 29.
SD: 2.
3 29.
SD: 2.
4 29.
SD: 2.
B=1ow (2)
sessions:
C=trial 1 29.
SD: 3
2 29.
SD: 3.
3 29.
sD: 3.
4 29.

sb: 3.

1

484
803
578
719
505
752
139
737

475
921
214

.952

591
050
403
845

465
941
667
695
412

731"

137
741

382

.43
430 <29.
.554
29.
.585
29.

.543

489

199

543
002

442 -

29.
.551
29.
.506
29.
.405
29.
.338

30.
.883
29.
.944
29.
.029
29.
2313

29.
.611
.671
.657
29.
.730
29.
.923

29

30.
.602

3

388
435
186

074

340
942
721
120

762

496
106

053
938
718

29

30.
.287
30.
.389
29.
.606
29.
.749

30.
.520
29.
.616
29.
.516
.334
.555

29

30.
.228
30.
.156
.052
.082
29.
.097

30

.502
.622
29.
.598
29.
.319
29.
.216

478
465

104

650
311
902
565

098
913
714

218
190

747

29.
.562
29.
.630
29.
.580
28.
.593

30.
.110
29.
.267
29.
.462
28.
.44]

29.
.821
29.
.881
29.
.971
28.
917

301
327
031

696

050
691
247
895

753
619
210
987

.110
.353
.922
.430
.613
.557
.192
.618

29.
.348
29.
.062
29.
.962
29.
.038

29.
.242
29.
.325
28.
.497
28.
.672

29.
.103
.094
.987
28.
.045
28.
.283

29

973
800
621

075

634
023
898
456

475

888
442

.439
.966
.139
.992
.985
.118
.579
.151

ro
~o



SOURCE ABCD

GRP = 1
B=high (1)
sessions:

C=trial 1 28.

~ SO 2.

o 2 28.

SO, 1.

3 28.

SD 1.

4 28.

SD 1
B=low (2)
sessions:

C=trial 1 30.
.032

SO 3
2 30.
SD 3.
3 30.
SD 3.
4 30.
SD 3.
GRP = 2
B=high (1)
sessions:

C=trial 1 30.
.416

SD 2
2 30.
SD 2.
3 30.
SD 2
4 30.
SD 1

1

088
205
888
514
688
793
638

.888

375

634
116
629
122
302
125

085

333
357

322
.092

231

.607

29.

29.
.705
29.
.675
29.
.750

371
.463

29.

30.
.701
30.
.803
29.
.295
29.
.822

991 -
.147
30.
.406
30.
.347
29.
.509 -

111
099

759

880
809

589

359
069
863
585

30

30.
30.

30.

29.
29.

29.

29

30.
.431
30.
.699
30.
2.757
29

.619
176
667
.939
679
.990
344
.194

678
.830
750
.885
958
.642
.616
.649

694
366
200

.815
.822

30.
.496
30.
.460
29.
.532
29.
.522

30.
.060
30.
.118
29.
.280
29.
.369

29.
.002
29.
.060
29.
.396
28.
.185

153
082
810

600

340
156
819
694

770
456
116
881

28.
.168
28.
.332
28.
.573
27.
.899

30.
.841
.621
.818
30.
.609
30.
725

30

31.
.273
30.
.555
30.
.165
.642
.708

29

109
157
008

836

728

600
227

169
547
207



. j 223
SOURCE: ABCD (continued) 7 -

B=low (2)
Sessions: 1 2 3 4 5

C=trial 1 29.010 29.622 30.044 30.582 30.420
SO 3.275 4.285 3.068 3.011 3.048
§ 2 29.089 29.736 30.124 30.515 29.930
SD 3.474 4,175 2.806 3.036 -3.095
3 28.753 29.555 29.559 30.060 29.598 -
SO 3.661 4.257 2.701 3.198 3.330
4 28.461 29.316 29.275 29.448 29.300

SD 3.778 4. 228 2.793 3.375 3.208 .~ -
GRP = 3 ‘r
B = high (1)
sessions: 1+ 2 3 4 5

C=trial 1 28.882 28.575 28.735 129.332 29.727
SD 3.745 3.826 4.007 3.204 3.871

s 2 29.119 '28.832 28.670 29.562 29.610

SO 3.566 3.748 4.002 2.230 3.311

3 28.927 28.593 28.681 29.138 29.595

SD 3.691 3.654 3.461 3.097 2.862

4 28.535 28.695 28.121 28.727 29.040

SD 3.877 3.527 3.227 3.146 2.858

B=low (2) ‘ .
sessions: 1 2 3 4 5

C=trial 1 28.085 30.202 30.269 29.270 30.218
SD 4.000 3.223 3.195 4.046 2.901 .
2 28.036 30.038 30.286 29.092 29.989 - .

SD 3.960 3.311 3.120 4.138 2.941

3 28.083 29.779 30.249 28.925 29.647

SO 3.943 3.196 3.131 4.159 3.199

4 27.743 29.453 30.086 28.665 29.111

SO 3.734 3.263 3.029 4.149 3.348

GRP=4
B=high (1) .
sessions: 1 2 3 4 5

C=trial 1 30.735 30.199 30.445 29.794 28.925
SD 2.715 2.093 1.146 2.880 2.976
2 30.317 29.747 30.0 g 29.403 28.108
SD 2.857 2.374 1.48 3.071 3.017 -
3 29.727 29.519 29.423 28.821 27.780
SD 2.901 2.474 1.951\ 3.146 3.112
.4 29,197 28.488 29.190- 28.786 27.304
SD 2.899 2.913 2.237 . 3.102\ 3.479



B=low (2)
sessions:

C=trial 1
SD

2

SD

3

- SD

4

SD

30.
.255
30.
.205
29.
. 357
29.
.923

1

189
101
442
629

30.
.681
30.
.592
29.
.673
29.
L7133

494
157
943
816

30.876
3.170
30.588

~3.174

30.424
34206

29.977

3.297

3D.331
.48]
30.008
3.609
29.716
3.894

29.014
3.949

30.
.497
30.
.507
30.
.634
29.
.621

413
030
128
724
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TABLE: 9b

Groups by Imagery Level by Trials by Sessions
(Interval 1: Temperature means)

b

Between subject factors
A-- groups: 1= biofeedback

B =  high
29.449

2='guided'imagery

= combined 4= control
B - imagery level: 1= high 2= low
R ) /
Within subject factors )
C - trials: 1 2 3 4
D - sessions: 1 2 3 4 5
Source D. F. M. S. F prob.
A © . 3 . ,.48.745  0.359  0.783
- B -1 52.412 0.38  0.536
" AB : 3 32.353  0.238  0.870
S-within 75 135.867 .
C : 3 28.255 23.118  0.001**
AC - 9 2.948  2.412  (Q.012*
BC 3 0.0 0.036  0.999
ABC 9 1.222 1.000 ~ 0.441
CS-within 225 1.222 .
. AR
D 4 15.529  1.182 ' 0.319
AD 12 10.029 0.763  0.688
8D 4 14.074 1.071  0.371
ABD ’ 12 25.074  1.908  0.033*
DS-within 300 13.140 .
‘a .
cD 12 1.240  3.198  0.601**
~ ACD 36 ©0.252 0.649  0.946
BCD 12 0.108  0.278  0.993
ABCD 36 0.252 0.649  0.946
CDS-within 900 0.388 .
1] j‘\
SOURCE: A . P .
Group 1 2 3 4 A
~29.707 29.918 29.143 29.777
- »
SQURCE: B °

Tow
29.808
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SOURCE: @B
A = GRP
SOURCE: C
~ trials:

\

SCHEFFE PROCEDURE:

(*) denotes pairs significantly different at .05 level

low 2

trials
' 1 2 3 4
mean trial
29.831 1 *
29.816 2 *
29.589 3 v *
29.269 4
SOURCE: AC
trials: 1
A =grp 1 29.691  29.
2 30.190 30.
3 29.205 29.
4 30.280 . 29.
SOURCE: BG
trials: 1
B = high 1 29.651 29.
low 2 30.016 29.
" SOURCE: ABC
GRP: 1 .
trials: 1
B = high 1 - 29.272 29.

£ 0N - D

high
29.360
30.150
28.911
29.431

1

2

Tow
30.054
29.687
29.376

.30.158

3

29.83b 29.816 29.589 29.269

30.111 - 30.

2

859
119
338
987

668
968

570
149

3

29.753
29.834
29.177
29.630

29.416
29.766

29.401
~30.108

29.
29.

29.
29.

.523
.530
.853

29.

213

061

481

197
849
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Tow

GRP: 2
. trials:
B = high 1
1ow 2
GRP: 3
trials
B = high 1
Tow 2
GRP: 4
trials:
"B = high 1
Tow 2
o
SOURCE D
séssionsé 1
29.337
SOURCE AD
sessions: 1
A=grp 1 29.45]
2 29.604
3 28.368
4 29.991
SOURCE BD
sessions: 1
B=high 1 29.405
Tow 2 29.268
. SOURCE: ABD
GRP: 1 ,
sessions: 1
‘B=high 1 28.476
low 2 - 30:426
. GRR2 2
“sessions: 1
B=high 1 30.317"
2 28.891

30.437
29.943

28.846
29.564

30.087
30.492

29.691

. 29.786
29.824
29.264
29.922

29.557
29.829

29.912
29.659

30.076
29.571

30.290
29.949

29.156
29.521

29.704
30.298

29.937

.
paYs ]

30.103
30.109
29.381
30.199

29.792-

30.086

30.505
29.700

30.378
29,839

3 4
30.064 29.811
29.605 29.250
3 4
29.000 28.640
29.353  29.065

3 4

29.256  28.679
30.041 29.801

29.600 29.565

29.895 29.299
29.840 30.216
29.0678 29.624
29.638 29.137

29.433 29.059
29.772 30.084

4 5

29.861 28.044

29.929 30.554

4 5

29.430 30.550
30.250 29.882
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GRP: 3
sessions:

B=high 1
1ow 2

GRP: 4
sessions:

B=high 1
low 2
SOURCE: €D

sessions:
C=trial 1
2
3
.
SOURCE: ACD

GRP 1
sessions:

C=trial 1}
2

“ 3

4

[;

GRP 2
sessions:

C=trial 1
2
3
4

GRP 3

28.
.981 .

27

30.
29.

sessions:-

C=trial 1
2
3
4

755

070
903

.320
.571
.304
.155

.129
.736
.523
. 415

.467
75
.657
.516

28.
29.

29.
30.

29.
29.
29.
29.

30.
29.
.822
29.

647

881

671
199

858
843
690
374

772
.934
.820
.615

001
964

507

.276
1433
.220
.128

28.
30.

29.
30.

30.
30.
29.
29.

30.
.163
30.
29.

546
216

857
575

099
112
951
587

048

259
940

.352
.355
.011
715

.385
.514
.507
117

29.
29.

29.
29.

29.
29.
29.
29.

138
019

340
966

922
825
492
162

.133
.048
.811
.589

.280
.080
.6717
.321

.161
.345
JA1L
.696

29.467
29.782

28.219
30.146

29.958
29.729
29.507
29.067

29.373
29.414
29.352
29.056

30.849
30.420
30.003
29.591

29.880

29.872

29.627
29.118
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GRP 4
sessions: 1
C=trial 1 30.405
2 30.310
3 29.689
4 29.558
SOURCE BCD
B = high (1)
sessions: 1
C=trial 1 29.330
-2 29.683
3 29.381
4 29.226
B = low (2)
sessions: 1
C=trial 1  29.309
: 2 29.456
3 29.226
4 29.082
SOURCE ABCD
GRP =1 .
B = high (1)
- sessions: 1
C=trial 1 27.992
2 28.889
3 28.495
4 28.529
B = low (2)
sessions: 1
C=trial 1 430.266
2 30.584
3 .30.551
4 30.302
GRP = 2 .

B = high (1)’
sessions: 1
C=trial 1 30.002
2 30.381
3  30.442
4 30.443

30.
30.
29.
.274

29.

414
070
931

697 .
.740
29.
29.

611
179

.023
.949
770
.574

752
.090
.053
.755-

.793

588
.476

.386
.203
.041
.676

30.654
30.459
30.065

"29.620,

30.005
29.997
29.200

29.366

30.195
30.230
30.105
29.813

30.51

30.613
30.584
30.312

1 29.585

29.714

29.934

29.569

3

30.666
30.534
30.293
30.018

30.
29.
29.
29.

29.
29.
29.
28.

30.
29.
29.
29.

30.
30.
29.
29.

30.
30.
29.
29.

177
873
410
092

747
664
326

994 -

101
991
562
34

034
019
848
545
4

233
077

775
633

4

29.905
20.558
29.198
29.058

im T

29.748
29.221
29.054
28.523

29.476
29.256
2B.960
28.544

30.452
30.214
30.066
29.602

28.070
28.237
28.023
27.846

30.677
30.592
30.682
30.267

31.225+

30.345
29.858
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B = Tow (2)
sessions: 1

28.933
29.170
28.873
28.590

Cetrial 1

W N

GRP = 3
B = high (1)
sessions: 1

C=trial 1 28.645
2 . 28:980,
3 481780

qu’ )6:615

B = low .
sessions: 1 .

28.000
2 28.076
3 28.055
4 27.793

C=trial 1

GRP = 4 .
B = high (1)
- sessions: 1

C=trial 1 30.620

30.473
.824
29.363

SN
N
(Y]

«~ B = low (2)
sessions: 1

C=trial 1 30.168
2 30.132

3 729.541

4 29.773

29.
29.
.604
29.

616
726

338

.409
.859
.635
.686

.143
.007
.805
.570

.310
.884
.795
.695

.529
.276
.080
2911

30.
30.
29.
29.

28.
28..
28.
28.

30.
.285
30.
30.

30.
30.
30.499
30.

039
177
729
413

553
743
768
119

218

245
115

.396
.202
671
.160

937

741
125

30
30

'656
.602

$0.157

29

29
29

29.
28.

29

29.

28
28

30

29.

29

30

-30.

29
29

.585

.075
.530
258
689

.246
161
.964
.704

.015
570
035

28.741
&

.355
207

824 .

479

30.
30.
29.
‘20,

29.
29.
29.
29.

30.
30.
29.
29.

473
068
661
325

548
669
557
092

212
075
697
145

.091
.392
.956
.436

.470
.134
.261
.719

-

Y
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APPENDIX VII

Post hoc Scheffe Contrasts:
Examination of interaction effects.

Between subject factors

A - groups: 1= biofeedback 2= guided imagery
3= combined 4= control ’
B - imagery level: 1= high 2= low
-within.;ubject factors :
C - trials: 1 2 3 4
D - sessions: 1 2 3 4 5
Source D. F. M. S. ﬁ prob.
A 3 38.176  0.280  0.840
B 1 - 51.76%F 0.379 0.540
AB 3 29.549 0.217 0.885
S-within 75 136.413- ’
C 3 36.020 30.128  0.001**
AC 9 2.876 2.405 0.013*
BC 3 0.216 0.180 0.910
ABC 9 0.719 0.@01 0.795
CS-within 225 1.196
D 49 14.721 1.11a  0.350.
AD , 12 . 10.299/ 0.779  0.672
BD . s 4 15.529 1.175 0.322
ABD 12 25.828 1,954 0.028*
DS-within 300 13.140
) 12 0.917 2.378  0.005**
ACD 36 0.270  0.699  0.909
BCD 12 0.162 '0.420. 0.956
ABCD ' - 36 0.342 0.886 0.663

CDS-within~ 900 © 0.386
TRIALS  p=.001 . '
df=3/225 Fcrit=2.65 F’crit=7.95 error=1.196
| rit dif= (7.95x2x1.196)/415 “and  crit dif = .214
Z29.874 . . - |
29.756 T1,T2 >T3 >T4

29.526
29.199

a—y
W
nnonu



b

GROUPS BY TRIALS

A: Groups:

crip di‘f2

crit dif
crit dif
crit:dif
crit dif

GRP -

WA =

GRP

W -

GRP

£ WD PO -

GRP

B noun

232

p=.013 N
: -
1 (BFK), 2 (GI), 3 (COMB), 4 (CONT)
df=3/225 Fcrit=2.65 F’crit=7.95. error=1.196
A s .
7.95 (1.196/n1 +1.196/n2) | =,
.436 grps 1 vs 2 “Q (n=100) °,
.426 grps 1 or 2 vs 3% (n=10Q and 110)
.431 grps 1 or 2 vs 4 * (n=100\apd 105)
.421 grps 3 vs 4 (n 110 and 105)
TRIAL 1 S ,
29.796 GRP1&2 NS (non s1gn1i1capt) \
30.175 GRP2&4 NS ‘
29.330 4 >1>3 _\ \
30.230 2 >3 3 |
Ne . |
. ) A
TRIAL 2 AR
,“\‘-
29.887 1, 2, 4 NS N .
30.016 3<2,1, 4 "
29.323 \
29.836
TRIAL 3 S
29.788 1, 2, 4 NS
29.723 3,4 NS
29.162 3<1, 2
29.472 .
'\\
TRIAL 4 vl
29.539 3, 4 NS !
29.395 2, 4 NS
28.818 1>4
129.088 3¢1,2 ; .

B W RN —



B: Compafison of trials within a single group

df=3/225 Fcrit=2.65 F’crit=7.95 error=1.196

crit difl= 7.95 (1.196/nl

crit dif = .436 grps 1, 2
crit dif = .416 grp 3
crit dif = .426 grp 4

GROUP 1

-+ 29.796
29.887 -
29.788
29.539

TR

00 N —

GROUP 2

30.175
30.016
29.723

J/’fg)ags
- /" GROUP 3
29.330
29.323

29.162
28.818

S WRN—

Al N -

GROUP 4

30.230
29.836
29.472
29.088 -

oW N

— D N

+1.196/n2)

(n=100)
(n=110)
(n=105)

2, 1, 3, 4 NS

N W
vz

. v e tw
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TRIALS BY SESSIONS

A: Comparison of a single trial across sessions

df=4/900 Fcrit=2.385 F'crit=$i54 error=.386

crit difl- 9.54 (.386/nl +.386/n2)

ni & n2= 83
crit dif= .298
TRIAL 1

SESS 1] 29.424
2 29.906
3 30.157
4 29.929
5

29.951
TRIAL 2

SESS 1 29.550
2 29.803
3 30.050
4 29.769
5

29.610
TRIAL 3

29.307
29.606
-*.29.881
©29.409
29.430

NP —

TRIAL 4
SESS 29.070
29.295
29.538
29.088
29.003

2,30 RN Ny

3I>1, 4,5
3, 2 NS
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v

(\B\\ Comparison of trials within a single session

df=3/900 Fcrit=2.615 F’crit=7.845 error=.386

crit difé= 7.845 (.386/nl +.386/n2)
nl & n2= 83

crit dif= .270
SESS 1

TR . 29.424
29.550
29.307

29.070

~N &
AN
— N

, 1, 3 NS

LW —

SESS 2
TR 29.906 41¢ 3 <1
29.803 4 <2
29.606 2, 3 NS
29.295

£ L N

SESS 3
TR 30.157 4 <
30.050 3, 2 NS
29.881 1, 2 NS
29.538

0N —

SESS 4

29.929 4 <3<2,1

29.769 :

29.409 : g N
29.088

P VR

= SESS 5

29.951 4
29.610 4
29.430 2
29.003

R

BN =

235



GROUPS BY IMAGERY LEVEL BY SESSIONS p=.028

A.

GRP:

GRP:

GRP:

GRP:

ROWS: df=4/300 Fcrit=2.40 F’crit=9.60  error=13.140

BFK, GI é CONT . low:

crit dif®= (9.60x2x13.140)/40

COMB & CQNT.high:
crit diff= (9.60x2x13.140)/44

HI vs LO same group, same session df=1/300 F’

BFK & GI;

crit difé- (3.875x2x13.140)/40 and crit dif

COMB:

crit difls (3.875x2x13.140)/44 and

CONT:

crit difl= (40+444)(3.875x13.140)/44(40) and crit dif = 1.559

BFK
sessions: 1

high 1 28.575

low 2 30.485
lo>hi
GI
sessions: 1
high 1 30.243
low 2 28.828
NS
COMB
sessions: 1
high 1 28.866
low 2 27.987
- NS
Y
4

sessions: 1

high 1 29.994
Tow 2~ 29.840
NS

o

29.990
29.662
NS

29.969
29.557
NS

29.488
30.102
NS

3

30.577
29.750
NS

3

30.269
29.750
NS

3

28.552
30.223
lo>hi

~3

29.781
30.466
NS

and

and

crit dif = 2.511
crit dif = 2.395
crit=3.875
. 1.596
crit dif = 1.521

29.911
30.002
NS

29.306
30.151
NS

29.190
28.988

4

29.201
29.767
NS

28.027
30.544
lo>hi

30.391
29.812
NS

29.493
29.741
NS

28.029
30.074
la>hi

S3>5
NS

NS
NS

NS¢
NS3&1

NS
NS

—-—.
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C. A1l HIGHS during same session: df=3/300 F’crit=7,905 or
A1l JOWS during same session: df=3/300 F’crit=7.905

comparis ns:h BFK, GI & CONT.low
crit dif®= (7.905x2x13.140)/40 and crit dif = 2.279

comparsign: COMB & CONT.high
crit dif"= (7.905x2x13.140)/44 and crit dif = 2.173

comparsign: {mixed n’s) COMB & BFK, GI, CONT.low ,
crit dif°= (40+444)(7.905x13.140)/44(40) and crit dif = 2.227

Results: all highs R »
S1 ns '
S2- ns ’
S3 ns (BFK vs COMB close)
S4

ns
S5 GI > BFKACONT -

Results: all lows ] )
S1 - BFK > COMB
E $2 ns - ’ .
S3 ns
S4 ns
S@ ns
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